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(57) Abstract: Apparatus and methods are described herein for use in the delivery and deployment of a prosthetic mitral valve. In
some embodiments, after a prosthetic valve (1500) has been at least partially delivered from a delivery sheath into the left atrium of a
heart, a valve positioning device can be used to engage with and position the prosthetic valve within the mitral annulus. The valve
positioning device can include a alignment member (1576) configured to engage with a prosthetic valve such that the alignment
member can control the distal, proximal, lateral and/or rotational movement of the prosthetic valve. The prosthetic valve can include
a tether (1536) that can be inserted or threaded through the alignment member such that the alignment member can be moved along
the tether into engagement with the prosthetic valve.
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APICAL CONTROL OF TRANSVASCULAR DELIVERY
OF PROSTHETIC MITRAL VALVE

Cross-Reference to Reloted Applications

{30011 This application claims prionty to and the benefit of US. Provisional Application
Serial No. 62/264, 562, entitled “Apical Control of Transvascular Delivery of Prosthetic
Mitral Valve,” filed December 8, 2015, and U.S. Provisional Patent Application Serial No.
52/171,329, entitled “Stopper Tube Apparatus and Methods for Delivery of Prosthetic Mitral
Valve,” filed June 5, 2015, cach of the disclosures of which are incorporated hergin by

refeorence wn ifs entirety,

{0602} This application 1s alsc related to U.S. Provisional Patent Application Serial No.
61/935 899, entitled “Transfomoral Delivery of Prosthetic Mitral Valve,” filed Febrouary S,
2014, U.S. Provisional Patent Application No. 62/100,548, entitled “Apparatus and Methods
for Transfemoral Debivery of Prosthetic Mitral Valve” filed Janwary 7, 2015, and
International Patent Application No. PCT/US2015/014572, entitled “Apparatus and Methods
for Transfemoral Delivery of Prosthenc Mitral Valve,” filed February 5, 2015, and
International Patent Apphcation No. PCT/US2016/012303, entitled “Prosthetic Mitral Valves
and Apparates and Methods for Delivery of Same,” filed Janvary 6, 2016, cach of the

disclosures of which is mcorporated hercin by reference in Hs entirety.
Background

{36303} Embodiments are descnbed herein that relate to devices and methods for use i the
delivery and deplovment of prosthetic valves, and particularly to devices and methods for

delivering expandable prosthetic mitral valves.

{0004} Prosthetic heart valves can pose particular chalienges for delivery and deployment
within a heart. Valvalar heart disease, and specifically, aortic and mitral valve disease 15 a
significant health issue w the United States (US}), anmually approxamately 90,000 valve
replacements are conducted in the US. Traditional valve replacement surgery involving the
orthotopic replacement of a heart valve 18 considered an “open heart” surgical procedure.
Briefly, the procedure ngcessiiates swrgical opening of the thorax, the mtiation of extra-
corporeal circufation with a heart-lung maching, stopping and opening the heart, excision and

replacement of the discased valve, and re-starting of the heart. While valve replacement
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surgery typically carries a 1-4% mortality risk i otherwise healthy persons, a significantly
higher morbidity is associated to the procedure largely due to the necessity for exira-
corporeal circulation. Further, open heart surgery is often poorly tolerated 1o elderly pationts.
Thus ehinunation of the extra~corporeal component of the procedure could result i reduction

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

{8005] While replacement of the aortic valve in a transcatheter manner 1s the subject of
mtense investigation, lesser attention has been focused on the nutral valve. This is in part
reflective of the greater level of complextty associated to the native nutral valve apparatus,
and thus, a greater level of difficolty with regards to meerting and anchorng the replacement
prosthesis. A need exasts for debvery devices and methods for transcatheter mutral valve

replacements.

Summary
{0006} Apparatus and methods are described herein for use m the delivery and deployment
of a prosthetic mitral valve. As described herein, m some embodiments, afler a prosthetic
valve has been at least partially deliversd from a debvery sheath into the left atnum of g
heart, a valve posttioning device can be used to engage with and position the prosthetic valve
within the meitral annulus, The valve posittioning device can include an aligiinent member
configured to engage with a prosthetic valve such that the alignment member can control the
distal, proximal, and/or rotational movement of the prosthetic valve. The prosthetic valve can
mnchide a tether that can be inseried or threaded through the alignment member such that the

ahignment member can be moved along the tether into engagement with the prosthetic valve,
Brief Description of the Figures

{0007} FIGS. 1-6 are cach a cross-sectional dlustration of a heart with devices used during

various stages in a procedure to transtemorally deliver and deplov a prosthetic mitral valve,

{6008] FIGS. 7-9 are front, bottom, and top views of a prosthetic heart valve according to an

embodiment.

jO009] FIG. 10 15 an opened and flattened view of the mner frame of the prostheuc heart

valve of FIGS. 7-9, 111 an unexpanded configuration.
<
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{8618} FIGS. 11 and 12 are side and bottom views, respectively, of the muer frame of FIG.

10 in an expanded configuration.

{3611} FIG. 13 15 an opened and flattened view of the outer frame of the valve of FIGS. 7-9,

1 an unexpanded configuration.

{0612} FIGS. 14 and 15 are side and top views, respectively, of the outer frame of FIG. 13 0

an expanded configuration.

{8013] FIGS. 16-18 are side, front. and top views of an assembly of the mner frame of FIGS.

10-12 and the outer frame of FIGS. 1315,

{8014} FIG. 19 is a side perspective view of the assembiy of the joner frame of FIGS. 16-12

and the outer frame of FIGS. 13-15 shown in a biased expanded configuration.

{6018] FIG. 20 15 a side perspective view of the asserebly of FIG. 19 with the outer frame

shown mverted.

{8016} FIG. 21 is side view of the asserably of FIG. 20 shown in a collapsed configuration

within a lumen of a dehivery sheath.

{8617} FIG. 22 15 a side view of the assembly of FIG. 21 shown i a first partially deployed

configuration.

JO618] FIG. 23 15 a side view of the assembly of FIG. 21 shown m a sccond partially

deploved configuration.

{0619} FIG. 24 15 a side view of the assembly of FIG. 21 shown n a third partially deployed
configuration 1n which the mverted outer frame is substantiallv deploved outside of the

delivery sheath,

{0628} FIG. 25 is a side view of the assembly of FIG. 21 shown i a fourth partially deploved
configuration m which the outer frame has reverted and assomed a biased expanded

configuration.

{80621} FIG. 26 15 a side view lustrating a portion of a tether coupled to a portion of a valve

leader member, according to an embodiment.

53
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{80221 FIG. 27 1s a side view of a prosthetic mitral valve m a collapsed configuration withn
a lumen of a portion of a delivery sheath and a balloon didator device coupled to the delivery

sheath

{0623} FIG. 28 15 a cross-sectional iHustration of a heart with the deliverv sheath and balloon
dilator device of FIG. 27 at a stage of a procedwre to deliver and deploy the prosthetic mitral

valve disposed withan the delivery sheath

{8024] FIG. 29 18 a cross-sectional llustration 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 to an cwibodiment.

{0625} FIG. 30 13 3 perspective view of the wire assist structure of FIG. 29 coupled to a

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

{8026] FIG. 31 1s a perspective view of an assist member coupled to a portion of a prosthetic

mitral valve, according to an embodoment.

80271 FIG. 32 15 a flowchart tlustrating a method of delivering a prosthetic nutral valve via
g gar

a fernoral vein, according 0 an embodiment.

{0628} FIG. 33 13 a side view of a portion of an cpicardial pad device, accordmg to an

embodiment, and shown in a collapsed configuration within a delivery sheath.

{3029] FIG. 34 18 a side perspective view of the epicardial pad device of FIG. 33 shown inan

gxpanded configuration.

{8638} FIG. 33 15 a side perspective view of a portion of a heart illustrating purse-string

sutures at an apex of the heart prior (o securing an epicardial pad device thergio.

{80311 FIG. 36 1s a side perspective view of the epicardial pad device of FIG. 33 shown in

the expanded configuration.

{8632} FIG. 37 15 a botiom perspective view of a portion of a heart illustrating with the

cpicardial pad device of FIG. 33 secured thereto.

{80331 FIG. 38 is an cnlarged side perspective view and FIG. 39 is an enlarged bottom view

of a porfion A m FIG. 37 illustrating an 1otegrated locking mechanism.
L @ @
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{8634} FIG. 40 18 a side view of an epicardial pad device, according to ancther embodiment,

and shown in a collapsed configuration.

{8035] FI1G. 41 s a side perspective view of the epicardial pad device of FIG. 40 shown in an

expanded configuration.

{0636} FIG. 42 15 a side view of the epicardial device of FiG. 40 shown in the expanded

configuration and being deploved near an apex of a heart.

{337} FIG. 43 15 a side view of an epicardial pad device, according to another embodiment,

and shown in an expanded configuration being deploved near a heart.

{8038] FIG. 44 is a side view of the epicardial pad device of FIG. 43 shown in a collapsed

configuration and deploved on the apex of the heart.

{0639} FIGS. 45 and 46 are cach a side view of an epicardial pad device, according to

another embodiment, and shown being deployed on an apex of a heart.

{8040] FIG. 47 15 a bottom view of a heart with the epicardial pad of FIGS. 45 and 46

secured to the apex of the heart,

{0641} FIGS. 48-51A are cach a cross-sectional iHustration of a heart with a delivery sheath
and stopper tube shown at vanous stages of a procedure to deliver and deploy a prosthetic

mitral valve.

{342} FIG. 31B iy a cross-sectional dlustration of a heart with the debivery sheath and

stopper tube of FIGS. 48-51 A being used with a procedural catheter,

{0043} FIG. 52A is a cross-sectional tllustration of a heart with a delivery sheath and valve

posinoning device shown during a procedure to deliver and deploy a prosthetic mitral valve,

{0644} FIG. 52B 1s cross-sectional dlustration of a heart with a delivery sheath and valve
positioning device shown durnng a procedure o deliver and deploy a prosthetic mutral valve

bemng used with a procedural catheter,

j8045] FIG. 33 15 a schematic Mlustration of a side view of a prosthetic valve positioning

device, according o an crabodiment, shown in a first position.

(4]
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{8046 FIG. 54 1s a schematic llustration of a side view of the prosthetic valve positioning

device of FEG. 53, shown in a sgcond position.

{347} FIG. 55 15 a schematic Hlustration of a side view of a prosthetic valve positioning

deviee, according to an crabodiment, shown i a first position.

{00648} FIG. 56 19 a schematic llustration of a side view of the prosthetic valve positioning

device of FIG. 35, shown in a second position.

{3349] FIG. 57 15 a schematic lustration of a side view of a prosthetic valve positioning

deviee, according to an crabodiment, shown i a first position.

{00658} FIG. 58 15 a schematic llustration of a side view of the prosthetic valve positioning

device of FIG. 37, shown in a second position.

{8051] FIG. 59 (s a schematic lustration of a side view of the prosthetic valve positioning

device of FIG. 57, shown m a third position.

{O082] FIG. 60 15 a cross-sectional dlustration of a heart with a delivery sheath and valve
postioning device according to ancther embodiment, shown during a procedure to debiver

and deploy a prosthetic mutral valve.

{80831 FIG. 61 is a schematic iHlustration of a side view of a prosthetic valve posiboning

device, according to an enbodiment, shown in a first position.

{354] FIG. 62 15 a schematic lustration of a side view of the prosthetic valve positioning

deviee of FIG. 61, shown in a second position.

{B085] FIG. 63 15 a perspecuive view of an aligonment mcember of the prosthetic valve

posttioning device of FIG. 61, shown 1 a deployed configuration.

{8056} FIG. 64 is side view of a prosthetic valve and a valve posttioning device, according to

another embodiment shown with the valve positioning device in a fivst position.

{O0S7] FIGS. 65-68 are cach a side view of a portion of the valve and valve positioning
device of FIG. 64 shown in a second position, a third position, a fourth posttion, and a fifth

position, respectively.

(w2
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{8638} FIGS. 69-74 are cach a cross-sectional dhustration of a heart with devices used dunng

various stages inn a procedure to transfemorally deliver and deploy a prosthetic mitral valve.

{659 FIG. 753 15 a flowchart dhustrating a method of delivering and deploying a prosthetic

mitral valve within a heart.
Detailed Description

{30668] Apparates and methods are described heorein for use i the debivery and deployment of
a prosthetic mutral valve indo a heart.  As described herein, in some embodiments, after a
prosthetic valve has been at least partially delivered from a delivery sheath udo the left
atrim of a heart, a valve postioning device can be used o engage with and posttion the
prosthetic valve within the outral annulus.  The valve positioning device can include an
alignment momber configured to cogage with a prosthetic valve such that the alignment
member can control the distal, proximal, and/or rotational movement of the prosthetic valve,
The prosthetic valve can include a tether that can be inserted or threaded through the
alignment member such that the alignment member can be moved along the tether into
engagement with the prosthetic valve. o some cmbodiments, maintaining the tether taut
while applying a distal force to the alignment member can maintain the engagement between
the alignment member and the prosthetic valve. In some embodiments, the prosthetic valve
meludes engagement portions having particular shapes to increase the seoure engagement
between the valve positioning device and the prosthetic valve, In some embodiments, the
alignment member is configured to mamtain controlled engagement with the prosthetic valve

even in the absence of g taut tether,

{8061} The valve positioning devices described heroin can assist i rvadially realigming a
prosthetic valve or other implant while mamtaining a low device profile. In some
embodiments, the portion of the valve positiorung device 1nserted mto the heart can have a
diameter or puncture size of, for example, 4 to 8 F. In some embodiments, the valve
posiioning devices described herein can provide radial forque to align a prosthetic valve.
Additionally, the valve positioning devices can move the prosthetic valve atnally or retract
the prosthetic valve venincularly. In some embodiments, the valve positioning devices can
partially collapse the prosthetic valve to allow a portion of the implant to be moved
veniricularly and deploved below the mitral annulus. The valve posttioning devices can be

mserted percutancously through the apex of the heart using a tether as a rail. The valve
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positicning devices can then be used to partiaily collapse a prosthetic valve, move i towards
the left atrium or left ventricle, radially reordent i, and/or move i into the annuhus and allow

it to redeplov n the comrect orientation.

{8062] In some cmbodiments, the valve positioning devices deseribed herein include an
oxpandable Nitinol” braid used to partially recapture the prosthetic valve. In other
embodiments, the valve positioning devices mnclude a gooseneck snare used to partially
collapse the prosthetic valve. In some ombodiments, the valve positioning device s a
mltiple profile device with a moveable support to keep the smallest profife of the valve
positioning device m the ventricle of the heart. In some embodiments, the valve positioning
device 18 a multiple profile device that can provide the greatest amount of torque to the
prosthetic valve by maximdzing torque transfor through reducing the portion of the low
profile portion of the dovice that extends outside of the apex of the heart. In other words,
although a smaller diameter portion of the device 18 needed to be mserted mto the heart, the
device can include a larger profile portion of the device that extends outside of the heart that
can provide strength to the device and improve torqueabidy. o other embodiments, the
valve positioning device can shghtly dimple or compress the apex of the heart 1o further
merease the amount of torque applied fo the prosthetic valve and minimize the portion of the
fow profile portion of the device that extends outside of the apex. Further details of specific
embodiments of a valve positioning device are desceribed below with reference to FIGS. 48-

63.

{3063} As descnbed heremn, m some embodiments, a method includes mverting an outer
frame of a prosthetic mutral valve when in a biased expanded configuration. The prosthetic
mitral valve is formed with a shape-memory material.  After wverting the outer frame, the
prosthetic mitral valve is mseried mio a lumen of a delivery sheath such that the wutral valve
18 moved o a collapsed configuraton. The delivery sheath 19 inserted mito a fomoral vemn of a
patient and moved through the femoral vein and a septum of a heart of the patient until a
distal end portion of the delivery sheath is disposed in the Ieft atriom of the heart. The
prosthetic mutral valve is moved distally out of the dehvery sheath such that the mverted
guter frame reverts and the prosthetic mitral valve assumes its biased expanded configuration.

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

{8664} In some embodiments, a method inchude disposing a prosthetic heart valve at least

partially within a left atrium of a heart such that a tether coupled to the prosthetic heart valve

3
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extends through the left ventricle and ouiside of the apex of the heart. A proximal end of the
tether is throaded through a himen defined by an aligument member. While moving along the
tether, a distal ond portion of the alignment member 15 inseried into the eft ventricle, through
the native mitral annulus and into the left atrium of the heart. A first portion of the prosthetic
heart valve s engaged with a distal end portion of the alignment member. With the
prosthetic heart valve engaged with the alignment member, the prosthetic heart valve is
moved to a desired position within a native nutral anmulus of the heart by collectively moving
the alignment member and the prosthetic heart valve. For example, in some emboduments,
moving the prosthetic heart valve to a desired position within a native miuiral annolus of the
heart includes rotating the prosthetic heart valve about a central axis of the prosthetic heart
valve and/or laterally moving an onentation of the prosthetic heart valve relative to the native

mitral annulus.

{8665} In some embodiments, an apparatus mcludes a handle assembly and an clongate
member that defines a humen and s operatively couplad to the handle assembly. The handle
asserubly includes an actuator configured to move the clongate roember proximally and
distally relative to the handle assembly. The elongate member includes an engagement
portion configured to engage 3 portion of a prosthetic valve during deployment of the
prosthetic valve within a heart when the clongate member s moved distally relative to the
handic. The engagement portion 1s configured to move the portion of the prosthetic valve to
at least a partiaily collapsed configuration when engaged with the prosthetic valve. The
clongate member and the prosthetic valve are configured to collectively move together when
the first engagement feature is engaged with the second cngagement feature such that the

prosthetic valve can be moved by mampulation of the handle.

{0666} In some embodiments, an apparatus mncludes a handle assermbly and an clongate
member that defines a lumen and is operatively coupled to the handle assermbly. The handle
assembly inchudes an actuator configured to move the elongate member proxamally and
distally relative to the handle assembly. The clongate mewmber includes a first engagement
feature configured to matingly engage with and releasably couple to a second engagement
feature of a prosthetic valve during deployment of the prosthetic valve within a heart when
the clongate member is moved distally relative to the bandle. The clongaie member and the

prosthetic valve are configured to collectively move together when the first engagement



WO 2016/196933 PCT/US2016/035719

feature 1s engaged with the second gngagement feature such that the prosthetic valve can be

moved by manipulation of the handie.

{3367 Although the embodiments described hercin are described in reforence to a
transfemoral delivery approach, the devices descobed hercin can be used to dehver a
prostheiic heart valve o a heart using any suntable delivery approach. For example, the
prosthetic valves described herein can be delivered using a transfomoral debivery approach as
described, for example, in Intemational Application No. POT/USIS/T4572 (the 572 PCT
application} and International Appiication No. PCT/UST6/12305 (the 305 PCT application)
meorporated by reference above, or via a transainal approach, such as descrbed in US
Provisional Patent Applhication Senal No. 62/220,704, entitled “Apparatus and Methods for
Transatrial Delivery of Prosthetic Mitral Valve,” filed September 18, 2015 {(the 704
application”}, which s incorporated hercin by reference 1 s entirety. o such a case, the
mverted valve would enter the heart through the atrium simularly o the transfemoral delivery
approach.  The valve posttionimng devices described herein can be used to position the
mveried valve once i is at least partially deploved in the left atrum.  {n another exampie, an
mverted valve as described herem could be debivered via a transjugular approach, via the
right atrivm and through the ainal septum, such as described 1 US. Provisional Patent
Apphication Senial No. $2/305,678, entitled “Apparatus and Methods for Belivery of
Prosthetic Mitral Valve,” filed March 9, 2106 {the 678 application™), the disclosure of which
is meorporated herein by reference in s entirety. In such a case, the valve posiboning
devices described herein can be used simifardy to position the inverted valve after the valve
has been at least partially deploved in the feft atrium. The prostheuic valves described heren

can also be delivered apically if desired.

{0668} FIGS. 1-6 illustrate a method of delivering a prosthetic mutral valve 200 {shown in
FIGS. 3-6) to a left atram LA of a heart H via introduction through a fomoral vein.  As
shown in FIG. 1, a procedural catheter 222 15 mserted through an apical puncture {e.g., a 5F
apical puncture} in a ventricular wall at the apex Ap of the beart H A lecader tube 224 is
mserted through a humen {(not shown) of the procedural catheter 222 and extended through
the left ventricle LV, through a mutral valve gap and mto the left atrium LA, A delivery
sheath 226 is introduced through a femoral vein puncture and extended through the wnferior
vena cava, o the right atriuom, and then through a transseptal puncture of the septum Sp of

the heart H, and mio the left atrium LA of the heart H. A snare device 228 13 movably

10
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disposed within the delivery sheath 226 and ased to grab or snare a distal end portion of the
leader tube 224, as shown in FIG. 1. The snare device 228 can be used to pull the feader tube
224 through the delivery sheath 226 such that the distal end portion of the leader wbe 224
extends ouiside the femoral vem and a proximal end of the leader tube 224 13 disposed
through the ventricular wall at the apex Ap of the heart H, as shown in FIG. 2. The leader
tabe 224 allows for back-loading of the prosthetic mitral valve 200 starting in the femoral
vein and exiting the heart H at the apex Ap.  Although not shown 1o FIGS 1 and 2, the
procedural catheter 224 1 disposed outside the patient’s body, the distal end of the leader
fube 224 extends outside the femoral vein and outside the patient’s body, and the proximal
end of the leader tube 224 extends outside the apex Ap and outside the patient’s body.
Although the above described snare process describes delivering the leader tube 224 1o the
eft atrium of the heart and then snaring the leader tube 224 using the spare device 228, in
altemative embodimenis, the fcader tube 224 can be delivered to the left ventricle LV and the
snare device 228 and delivery sheath 226 can be oseried through the mitral annulus and to

the left ventricle LY to grab or snare the lfeader tube 224 as described above.

{3069] After the leader tube 224 has been extended between the apex Ap and the access sife
to the femoral vein, a valve leader member 234 attached to the prosthetic mitval valve 200
{also referred to as “valve”} can be inserted into the leader tube 224 af the fomoral end of the
leader tabe 224 and extended through the leader tube 224 until the valve leader member 234
exits the leader tube at the apex end of the leader tube 224 After the valve leader member
234 1¢ mseried and extended outside the apex Ap, the leader tube 224 can be removed from
the patient. For cxample, the leader tube 224 can be pulled out through the apex punciure
agite, or through the femoral vein puncture site.  Thus, only the valve leader member 234

remaing disposed within the body, as shown in FIG, 3.

{8674} The valve leader member 234 can have a tapered distal end 235 o md m the imsertion
and maneuvering of the valve leader member 234 through the leader tobe 224, The valve
leader member 234 iy attached at a proximal end portion 237 to a tether line 236 {also
referred to horemn as “tother™), which 1s attached to the valve 200, FIG. 26 illustrates an
enlarged view of the attachment of the proxamal end portion 237 to tether 236, The tether

236 can be formed, for example, as a braided rope or cord as shown, for example, in FIG 26

{80711 As shown m FIG. 3, the valve 200 18 partially disposed within a lumen of the delivery

sheath 226, Although the delivery sheath 226 is used to deliver both the snare device 228 and

I
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the valve 200, 1 other embodiments, a different delivery sheath can be used to deliver the
snare device 228 than is used to deliver the valve 200, As shown in FIG. 3, prior to nserting
the valve leader member 234 indo the leader tube 224, the procedural catheter 222 can be
removed. Altematively, the procedural catheter 222 can be removed afler inseriing the valve

feader member 234,

{8672} Also as shown in FIG. 3, m this embodiment, a portion of the valve 200 1g allowed to
partially deploy outside a distal end of the delivery sheath 226, The partially deployed
portion of the valve 206 can be used as a lead-in to the delivery sheath 226 as the valve 200 15
mserted through femoral vein. For example, the valve 200 can be formed with a shape-
memory material (as described in more detail below) and can have a biased undeformed
shape and can be manmipulated and/or deformed (e.g., compressed and/or expanded) and,
when released, return 1o its original undeformed shape. In some embodiments, the valve 200
can have a biased expanded or undeformed configuration when deployed within a heast, and
can be moved to a collapsed or deformed configuration when placed within the lumen of the
delivery sheath 226 for delivery through the fomoral vein. The valve can be, for example, a
valve constructed the same as or simular to, and function in the same or similar manner as, the

prosthetic heart vaive 500, described i detanl below,

{8073] Aficr the valve leader member 234 has been placed 1 position between the femoral
punchure site and the apical puncture site, as described above, the delivery sheath 226 with
the valve 200 can be mserted through the fomoral puncture site and moved through the
femoral vein, through the mferor vena cava, into the right atrium, and then through the
septum Sp uniil a distal end portion of the delivery sheath 226 {with the valve 200} is
disposed within the left atriura LA, as shown 1o FIG. 4. Ag shown in FiG. 4, the tether 236
extends from the valve 200 through the apical puncture and outside the patient’s body. As
the delivery sheath 226 1s advanced, the tether 236 can optionally be pulled at the apex end to
help move the delivery sheath 226, with the valve 200 disposed therein, through the femoral
ver, through the septal punciure and into the left atriom LA The valve 200 can thee be fully
deployed within the left atmom LA {see, eg., FIG. 5) by pulling the apex end portion of the
tether 236 antil the valve 200 1s pulled oot of the lumen of the delivery sheath 226 and
disposed within the left atrnom LA Alternatively, pusher device 238 (see, ¢.g., FIG. 4} can
be inserted within the delivery sheath 226 and used to push the valve 200 outside a distal end

of the delivery sheath 226, In vet other embodments, the pusher device 238 can be used
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push the valve 200 while the tether 236 15 pulled. In other words, the valve 200 can be
deploved by pushing the valve 200 with the pusher device 238, by pulling the valve 200 with
the tother 236, or both, The pusher 238 can also be used to aid i positioning the valve 200 m
a desired radial onentation withun the left atnum LA, For example, the pusher device 238
can define an internal lumen {(not shown} that can be placed over an nner frame portion of
the valve 200 to hold the inner frame portion in a small diameter, which can help enable the
valve 200 to be posttioned in a desired radial orientation and be seated within the annulus of
the smutral valve. Further examples of such a valve assist device are deseribed below with

reference to FIGS, 29-31.

{80741 As shown in FIGS. § and 6, as the valve 204 i1z deploved within the left atnium LA,
the valve 200 s allowed to assume its biased expanded or deploved configuration. The
delivery sheath 226 can then be removed from the patient and the valve 200 can be posttioned
and tensioned using the tether 236 to obtain the desired or optimal location in the native
mutral anmudus and minimize perivalvular leaks. An epicardial pad device 239 can be used to
securc the tether 236 and valve 200 in posttion within the vutral annulus as shown 1n FIG. 6.
For example, an epicardial pad device as described 1 Intemational Patent Application No.
PCT/US14/49218 ("the 218 PCT application™), the disclosure of which 18 incorporated
herein by reference in its entirety, can be used. In some embodiments, an expandablc
epicardial pad can be used to secure the tether and valve i posuton. Examples emabodiments
of expandable pads that can be used are described herein with reference to FIGS. 33-47.
Such a pad can be smaller in sizg such that the pad can be delivered to the heart via a small
mcision and small catheter or delivery sheath. In some embodiments, a positioning device
{not shown) can be used to help position the valve 200 and deploy the epicardial pad device.
For example, a positioning device as described m the ‘218 PCT apphication imcorporated by
reference above, or devices described 1o International Patent  Application  No.
PCT/US14/6 1046, the disclosure of which is incorporated herem by refonce 1o s enfirety,
can be used. In some embodiments, rather than securing the prosthetic mutral valve with a
tether and epicardial pad, the prosthetic mutral valve can be secured with chips or other
coupling methods to a portion{s) of the mitral valve apparatus and/or the veniricular wall of

the heart.  For example, such coupling methods are deseribed in International Patent

B

Application No. PCT/USI4/58826 (“the “826 PCT application™), the disclosure of which is

mcorporated herein by reference in its entirety.
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{8675} FIGS. 7-9 idlustrate an embodiment of g prosthetic heart valve that can be delivered
and deployed within a left atrivm of a heart using a transfomoral delivery approach as
described above., FIGS. 7-9 are front, botiom, and top views, respeciively, of a prosthetic
heart valve 500 according to an embodiment.  Prosthetic heart valve 500 {also referred to
herein as “valve™) 13 designed to replace a damaged or diseased native heart valve such as a
mitral valve. Valve 500 mcludes an outer frame assermbly 510 and an inoer valve assembly

546 coupled to the outer frame asseotbly 514

{0076} As shown, outer frame assembly 310 includes an outer frame 320, covered onall or a
portion of its outer face with an outer covering 536, and covered on all or a portion of its
mner face by an inner covermg 532, Outer frame 320 can provide several functions for
prosthetic heart valve 500, including serving as the primary structire, as an anchoring
mechanism and/or an attachment point for a separate anchoring mechanism o anchor the
valve to the native heart valve apparatus, a support o carry nner valve assembly 344, and/or
a seal to inlubit paravalvular leakage between prosthetic heart valve 500 and the native heart

valve apparatus.

{86771 Outer frame 520 is configured to be manipuiated and/or deformed {c.g., compressed
and/or expanded) and, when released, retwrn to #ts original (undeformed) shape. To achieve
this, outer frame 320 can be formed of matenials, such as metals or plastics, that have shape
memory propertios. With regards to metals, Nitinol® has been found to be especially useful
simce i can be processed to be austenttic, mariensitic or superciastic.  Other shape memory

aliovs, such as Cu-Zn-Al-Ni alloys, and Cu-Al-Ni alloys, may also be used.

{B078] As best shown in FIG. 7, outer frame assembly 510 has an upper ¢nd {e.g.. at the
atrium portion 516), a lower end {cg., at the ventricle portion 312}, and a medial portion

{c.g

&0

at the annohus portion 514} therebetween.  The medial portion of the outer frame
assembly 510 has a perimeter that 15 configured (o.g., sized, shaped) to it into an anmulus of &
native atrioventticular valve. The upper end of the outer frame assembly 310 has a perimeter
that s larger than the penimeter of the medial portion. In some cmbodiments, the perimeter
of the upper end of the outer frame asscmbly 516 has a perimeter that 8 substantially larger
than the perimcter of the medial portion. As shown best in FIG. 9, the upper end and the
medial portion of the outer frame assembly 310 has a D-shaped cross-section.  In this
manner, the outer frame assembly 310 promotes a suitable {it to the annulus of the native

atrioventiricular valve.
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{8679} Inner valve assembly 540 includes an immer frame 550, an outer covering 560, and
leaflets 570, As shown, the inner vaive asserbly 340 mcludes an upper portion having a
periphery formed with multiple arches. The mner framne 550 mcludes six axial posts or frame
members that sapport outer coverimg 560 and leaflets 570, Leaflets 370 are attached along
three of the posts, shown as commissure posts 552 {(best iHustrated 1 FIG. 8), and outer
covering 560 15 attached to the other three posts, 554 (best ilustrated in FIG. &), and
optionally 1o convmissure posts 352, Each of outer covering 560 and leaftlets 570 arc formed
of approximately rectangular sheets of material, which are joined together at thew upper, or
atrire end. The lower, ventricle end of outer covering 560 may be joined to inner covering
532 of outer frame assembly 510, and the lower, veniricle end of leaflets 570 may form free

edges 575, though coupled to the lower ends of commissure posts 352,

{0680} Although 1oner valve assembily 3540 is shown as having three leaflets, m other
cembodiments, an nner valve assembly can include any suitable nomber of leaflets. The
leaflets 370 are movable between an open configuration and a closed configuration in which

the leaflets 570 coapt, or meet in a sealing abutment.

{8081} Outer covering 530 of the outer frame assembly 510 and inner covering 532 of outer
frame assembly 5319, outer covening 360 of the mner valve asserably 540 and leaflets 570 of
the nner valve assembly 540 may be formed of any sutable matenial, or combmation of
materials, such as those discassed above. In this embodiment, the mner covering 532 of the
outer trame assermbly 310, the outer covering 560 of the inner valve assembly 540, and the
leatlets 370 of the inner valve assembly 540 are formed, at least in part, of porcine
pericardium.  Morcover, 1n this embodiment, the ouster covering 330 of the cuter frame

assembly 310 1s formed, at least in part, of polyester.

{8082} Inner frame 330 13 shown in more detail in FIGS. 10-12. Specifically, FIGS. 16-12
show mnner frame 550 in an undeformed, mutial state (FIG. 10), a side view of the 1aner frame
350 in a deploved configuration (FIG. 11}, and a bottorn view of the mner frame S350 m a

deploved configuration (F1G. 12}, respectively, according to an embodiment.

16083] In this embodiment, inner Same 550 is formed from a laser-cut fube of Nitinol®.

Inner frame 550 1s dlustrated in FIG 10 m an wndeformed, mitial state, e, as lager-cot, but
cut and unrolied mto a flat sheet for ease of illustration. Inner frame 550 can be divided mto

four portions, corresponding to functionally different portions of the ner frarue 350 1o final



WO 2016/196933 PCT/US2016/035719

form: atrial portion 341, body portion 342, strat portion 343, and tether clamp or connecting
portion 544, Strut portion 343 imncludes six struts, such as strut 343A, which connect body

portion 542 to tether clamp portion 544,

{6084] Comnnecting portion 544 mchudes longitudinal extensions of the struts, connccted
circumferentially by pairs of opposed, shghtly V-shaped connecting members {or “micro~
Vs7). Connecting portion 344 is configured to be radially collapsed by application of a
compressive force, which causes the micro-Vs o become more deeply V-shaped, with the
vertices moving closer together longitudinaliv and the open ends of the V shapes moving
closer together circumforentially,  Thus, connecting portion 544 can be configured o
compressively clamp or grip one end of a tether, either connecting directly onto a fether hine
{e.g. braided filament line) or onto an intermediaie structure, such as a polymer or metal piece

that is 1 turo firmly fixed to the tether bine.

{0085} In contrast 1o connecting portion 344, atnal portion 541 and body portion 342 are
configured to be expanded radiallv. Sirut portion 343 forms a longitudinal connection, and
radial transition, between the expanded body portion and the compressed connecting portion

544.

{808s] Body portion 542 includes six longitadinal posts, such as post 542A. The posts can
be used to attach leaflets 570 to inver frame 540, and/or can be used o atiach inner assembly
540 to outer assembly S0, such as by connecting ner frame 536 o outer frame 320, In the
tHustrated embodiment, the posts inclade openings through which connecting members {such

as soture filaments and/or wires) can be passed to couple the posts to other structures,

{8087} Inner frame 530 is shown in a folly deformed, 1.¢. the final, deployed configuration, in

side view and bottom view in FIGS. 11 and 12, respectively.

{30388} Cuter frame 520 of valve 300 is shown in more detatl in FHGS. 13-15. In this
embodiment, outer frame 520 is also formed from a laser-cut tube of Nitinol”. Outer frame
520 15 dhustrated m FIG. 13 1n an undeformed, mutal state, 1e. as laser-cut, but cut and
anrolled wto a flat sheet for case of Mustration.  Chier frame 520 can be divided into a
coupling portion 571, a body portion 572, and a cuff portion 573, as shown in FIG. 13
Coupling portion 571 includes multiple openings or apertures, such as 5714, by which outer

frame 320 can be coupled to mnmer frame 550, as discussed in more deimi below.
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{8689} Outer frame 320 15 shown m a fully deformed, 1o the final, deployed configuration,
in side view and top view m FIGS. 14 and 15, rospectively. As best seen mn FIG. 15, the
lower end of coupling portion 571 forms a roughly circular opening (identificd by "0 w
FIG. 15). The diameter of this openung preferably corresponds approximately to the diameter
of body portion 542 of mner frame 330, to facilitate coupling of the two components of valve

500,

{8098} Outer frame 520 and toner frame 550 are shown coupled together in FIGE. 16-18, in
front, side, and top views, respectively. The two frames coliectively form a structural support
for a prosthetic valve such as valve 500, The frames support the valve leaflet structure {o.g.,
feaflats 3703 mn the desired relationship o the native valve annulus, support the coverings
{e.g.. outer covering 530, mner covering 532, oufer covering 360} for the two frames o
provide a barmer to blood leakage between the atriwm and ventricle, and couple to the tether
{c.g., tether assembly 590} (by the tnner frame 530} to ard in holding the prosthetic valve n
place i the native valve anmulos by the tether connection to the veninicle wall. The outer
frame 520 and the inner frame 530 are connected at six coupling pounds {representative pouds
arc identified as “C7). In this embodiment, the coupling pomis are implemented with a
mechanical fastener, such as a short length of wire, passed through an aperture (such as
aperture 371A) in coupling portion 571 of ouvter frame 520 and corresponding oponings in
longudinal posts (such as post 542A) in body portion 542 of inner trame 350, Inner frame

550 18 thus disposed within the outer frame 520 and securely coupled to it

{0091} FIGS. 19225 illustrate a method of reconfiguring a prosthetic heart valve 300 {o.g.,

prosthetic mitral valve) prior to mserting the prosthetic heart valve 300 into a delivery sheath

(43

26 {see, e.g., FIGS. 21-25) for delivery into the heart via the femoral vein. The prosthetic
heart valve 300 {also referred to hercin as “valve™} can be constructed the same as or similar
1o, and function the same as or sumdar fo the valve 5300 deseribed above. Thus, some detals
regarding the valve 300 are not described below. It should be understood that for features
and fonctions not specifically discussed, those features and functions can be the same as or

sinular to the valve 500,

{06921 As shown in FIG. 19, the valve 300 has an outer frame 320 and an inner frame 350,
As discussed above for valves 200 and 500, the outer frame 320 and the inner frame 356 of
valve 300 can cach be formed with a shape-memory matenial and have a biased expanded or

deployed configuration. The outer frame 320 and the inner frame 350 can be moved to a
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collapsed or undeploved configuration for debvery of the valve 300 to the heart. In this
example method of preparing the valve 300 for delivery to the heart, the outer frame 320 of
the valve 300 is fust disposed 1 a prolapsed or tnveried configuration as shown e FIG. 20
Specifically, the elastic or superelastic structure of outer frame 320 of valve 3060 allows the
guter frame 320 to be disposed m the prolapsed or inverted configuration prior to the valve
306 being inserted into the lumen of the delivery sheath 326, As shown in FIG. 20, to
disposc the outer frame 320 w the wverted configuration, the outer frame 320 is folded or
mverted distally such that the oster frame 320 18 pointed away from the wmer frame 350, In
this mverted configuration, the overall outer perimeter or outer diameter of the valve 300 is
reduced and the overall length 15 mncreased. For example, the diameter P shown in FIG. 19
1s greater than the diameter D2 shown m FIG. 20, and the lfongth L1 wm FIG. 16 15 less than
the length L2 in FIG. 20, With the outer frame 320 in the inverted configuration, the valve
306 can be placed within a lumen of a delivery sheath 326 as shown in FIG. 21 for delivery
of the valve 300 to the left atrium of the heart. By disposing the outer frame 320 in the
mverted configuration, the valve 300 can be collapsed nto a smaller overall diameter, e
placed in a smaller diameter delivery sheath, than would be possibie if the valve 300 in the
configuration shown in FIG. 19 were collapsed radially. This is because 1 the configuration
shown m FIG. 19, the two frames are concentric, and thus the outer frame 320 must be
collapsed around the inner frame 350, whereas in the configuration shown in FIG. 20, the two
frames are coaxtal but not concentric, such that the outer frame 320 can be collapsed without

needing to accommodate the nver frame 350 1nside it

{0093} The procedure to debiver the valve 300 to the heart can be the same as or sinular to the
procedure described with reference to FIGS. 1-6. In this embodument, the valve 300 is not
partially deployved cutside of the lomen of the delivery sheath 326 prior to being mserted into
a fomoral puncture, through the fomoral vein, through the inferior vena cava, into the nght
atrium, through the septum Sp and nto the left atrium LA of the heart. With the distal end
portion of the delivery sheath 326 disposed withun the left atrium of the heart, the valve 300
can be deploved outside of the delivery sheath 326, For example, although not shown, a
tether such as fether 236 described above for valve 260 can be attached to the valve 300 and
used to pull the valve 300 out of the lumen of the delivery sheath 326, Altermanvely, or in
addition to, a pusher device (not shown) can be used to deploy the valve 300, Thus, as
described above for valve 200, the valve 300 can be deploved by pushing with the pusher

device, pulhing with the tether, or both.
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{8694} Ag the valve 300 gxits the tumen of the delivery sheath 326, the outer frame assembly
310 exits first i Hs inverted configuration as shown in the progression of FIGS. 22-24. After
the outer frame assembly 310 15 fully outside of the lumen of the delivery sheath 326, the
outer frame 320 can revert to its expanded or deploved configuration as shown o FIG. 25, In
some embodiments, the pusher device and/or the tether can be used to aid in the reversion of
the cuter frame assernbly 310. The valve 300 cap continue to be deployed vntil the tnner
frame 350 s fully deploved with the leff atnom and the valve 300 13 1o the oxpanded or

deploved configuration {(as shown m FGL 19}

{8095} FIGS. 27 and 28 illustraie an optional balloon dilator device that can be used during a
procedare for transfemoral delivery of a prosthetic heart valve to the heart. FHG 27
tHustrates a valve 400 disposed within a lvmen of a delivery sheath 426, The valve 400 can
be construcied the same as or simiar 1o, and function the same as or sinular to, the valves
200, 500 and 300 described above. For example, the valve 400 can mchude an outer frame
420 and an inner frame 450 as described above for previous embodiments. A tether 436 can
be coupled to the valve 400 and a valve leader member 434 (sec FIG. 28) can be coupled 1o

the tether 436,

{0696} In this embodiment, to deliver the valve 400, a leader tube (not shown) can be
mserted through an apical puncture and extended through the heart and out through a femoral
vein aceess site. A valve leader momber 434 coupled to a tether 436 can be mserted through
the femoral end of the leader tube and extonded out the apical end of the leader tube, as
described above with respect to FIGS, 1-6. The valve 400 can be loaded mto the distal end of
a lumen of a delivery sheath 426 either before or after the tether 436 and valve leader
member 434 are looped through the patient. A balloon dilator device 445 cap then be
advanced along the valve leader member 434 from the apical end, through the heart, through

the fernoral vemn and out the femoral access site.

{3097} The balloon dilator device 445 mcludes a balloon member 446 that can be disposed at
least partially within the distal end portion of the lamen of the delivery device 426, and distal
of the valve 400, as shown in FEG. 27, The balloon dilator device 445 also includes an
clongate member 447 coupled to the balloon member 446 and that defines an inflation lumen
i fluid communication with an ntenor of the balloon member 446, The clongate member
447 can be coupled to a source of an mflation mediom {(not shown} configured to supply the

mflation medium to the balloon member 446, With the balloon dilator device 445 coupled 1o
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the delivery sheath 426 as shown in FIG. 27, the balloon member 446 can be mflated. The
defivery sheath 426 can then be inserted through the fomoral access sife and advanced
through the fermoral vein, through the inferior vena cava, ndo the right atrium, through the
sepium Sp and into the left atmum LA as shown in FIG. 28 The balloon member 446
provides a smooth surface to aid in mancuvering the delivery sheath 426 throagh the femoral
vein and the septum and o the heart. With the distal end portion of the delivery sheath 426
disposed within the left atriom LA, the balloon member 446 can be deflated and removed
through the apical access site. The valve 400 can then be deployed and positioned within the
mtral anmudus as desenbed above for FIGS. 1-6. For example, a pusher device 438 {see FIG.
27} can be used to push the valve 400 owt of the lumsen of the delivery sheath 426 and/or the

tether 436 coupled to the valve 400 can be pulled.

{0698} FIGS. 29 and 30 dlustrate an optional wire agsist structure that can be used during a
procedure to deliver a prosthetic heart valve transfemorally as desenibed above for previons
embodiments. A wirg assist structure 649 can be releasably coupled to a valve 600 as shown
n FIG. 29, The valve 500 can be constructed the same as or sinular to, and function the same
as or similar to, the valves described above for previous embodiments. For example, the
valve 600 can include an outer frame 620 and an wnner frame 630, The wire assist structure
649 can be releasably coupled to the inner frame 650 as best shown n FIG. 30, For example,
releasable connectors {not shown} can be used o couple the wire assist structure 649 {o the

inner frame 650.

{3099] In use, the wire assist structure 549 can be movably disposed within a debivery sheath
626 used to deliver the valve 600 to the heart. The wire assist stractore 649 can hold the
muer frame 630 and allow for positioning control of the valve 600 (ie., clocking and
advancement) while the outer frame 650 of the valve 6006 1s fully expanded, which allows the
valve 600 to be functionung during the positioning phase. When the valve 600 s in the
desired final position, the wire assist structire 649 can be released from the mner frame 650

and removed with the delivery sheath 626,

{06106] Fi(z. 31 illustrates another optional assist member that can be used during a
procedure to deliver a prosthetic heart valve transfereorally. Ap assist member 748 can be
the formn of a twbular member defining a hunen with a diameter sized to roceive at least a
portion of the mwmer frame 750 of a valve 700, The valve 700 can be constructed the same as

or similar to, and function the same as or stmilar {0, the valves described above for previous
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embodiments. For example, the valve 700 can include an outer frame {(not shown} and the

mner frame 750 as described above for previous embodiments.

{06101 In wvse, the assist member 748 can be movably disposed within a delivery
sheath {not shown) used to deliver the valve 700 and be disposed over at least a portion of the
mner valve assembly 740, As with the wire assist structure 649, the assist member 748 can
hold the inner frame 730 in a small compact configuration and allow for positioning control
of the valve 700 (ie., clocking and advancement} while the outer frame of the valve 700 15
being expanded. This can m some cases allow the valve 700 to be functioning {or af least
parfially functiomng) durmg the positioning phase of the valve 700, With the nner tframe
750 held in a compact or small diameter form factor, the valve 700 can be more casily
positioned to help seal the annulus with the cuter frame (not shown) of the valve 760, When

the valve 700 is in the desired final position, the assist member 748 can be removed.

{80102 FIG. 32 is a flowchart iHlustrating a method of deploving a prosthetic mitral
valve to a heart using a transfomoral delivery approach.  The method mcludes at 880,
mserting a leader tube through an access site on the skin of the patient, through an access
puncture site on the apex of the heart, and positioning a distal end portion of the leader tube
1 the left atrivwm of the heart. At 881, mserting a delivery sheath with a snare device coupled
thercto through an access site nio the femoral vein and mito the left atrum ot the heart. At
882, the leader tube is captured with the snare device, and pulled through the femoral vein
such that the leader tube extends between the apex ot the heart and the entry to the femoral
vein. At 883, an outer frame of a prosthetic vutral valve 18 disposed in an ioverted
configaration when the mitral valve is in a biased expanded configuration. For example, the
prosthetic mitral valve can be formed with a shape-memory material and have a biased

expanded configuration.

{06103] At 884, after wverting the outer frame, the prosthetic mitral valve i mserted
mito a lumen of a delivery sheath such that the prosthetic nutral valve s moved to a collapsed
configuration. The debivery sheath can be the same delivery sheath as used with the snare
device or a different delivery sheath. At 885, a valve leader member 1s mserted to the feader
tube at the fomoral end of the leader tube, and moved through the leader tube untdl the valve
leader member exits the leader tube outside of the apex of the heart. A proxsmal end of the
valve leader member 1s coupled to a tether Hine that in tum 18 coupled to the prosthetic mitral

valve and disposed within the delivery sheath. At 886, the delivery sheath is inserted indo the
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femoral vein and moved through the fomoral ven and through a septum of a heart until a
distal end portion of the delivery sheath is disposed in the left atnum of the heart. At 887, the
prosthetic mutral valve 1s moved distally out of the dehvery sheath such that the overted
outer frame of the prostheuic mitral valve reverts, and the prosthetic mitral valve assumes ifs
biased expanded configuration. At 38§, the prosthetic mutral valve is positioned within a
mitral annohus of the heart and optionally an epicardial pad device can be secured to the apex
of the heart to maintain the prosthetic mutral valve o the desived position {¢.g., oncntation}
within the mitral anmulus. s some embodiments, rather than secunng the prosthetic mutral
valve with a tether and epicardial pad, the prosthetic mitral valve can be secured with clips or

other coupling methods to a portion{s} of the ventricular wall of the heart,

{06104 FIGS. 33-37 iustrate an embodiment of an expandable epicardial pad device
that can be used to secure a tether atiached to a prosthetic mutral valve o the heart, for
example, at the apex of the heart. An epicardial pad device 939 {also referred to herein as
“epicardial pad” or “pad”) can be used, for example, during a procedure to deliver a
prosthetic heart valve transtemorally as descnbed herein.  The epicardial pad 939 can be
formed with a small profile such that the cpicardial pad 939 can be delivered to the exteror
of the heart via a small incision and a small diameter delivery catheter or sheath 963 (see
FIGS. 33 and 34} In some embodiments, the delivery sheath 963 can have a diameter, for
exarple, in the range of 3-5 mm.  An mner delivery sheath 964 can be movably disposed
within a lumen of the delivery sheath 963 and vsed to hold the tether 936 while the epicardial

pad 939 15 being deployed as described i more detadd below.

jO3105] As shown m FIGS. 33 and 34 the epicardial pad 939 includes a frame member
961 and a fabric cover 962, The frame member 961 can be formed with, for example a
shape-mernory material such as Nitinol” such that the epicardial pad 939 can have a biased
expanded configuration as shown m FIGS. 34 and 36, and can be moved to a collapsed
configuration as shown in FIG. 33, For example, as shown in FIG. 33 the epicardial pad 939
can be placed within a lumen of the delivery sheath 963 to move the epicardial pad 939 (o the
collapsed configuration.  The fabnie cover 962 can be fommed with vanous suitable

maternial{s) such as, for example, polyestor, polvethvlene or ePTFE.

{80186} In use, after a prosthetic mitral valve has been deploved within the heart H via
a transfemoral delivery approach as described herein, the tether 936 attached the prosthetic

valve (not shown) can extend outside the apex of the heart. The epicardial pad 939 can be
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ased 0 secure the tether 936 and prosthetic valve 1 a desired position. With the tether 936
extending outside of the heart, the tether 936 can be threaded through a center opening of the
cpicardial pad 939 and through a lumen of the twmer delivery sheath 964, as shown in FIGS.
33 and 34, The outer delivery sheath 963 can be laced over the mner delivery sheath 964 and
the eprcardial pad 939 to collapse the epicardial pad 939 as shown 1 FIG. 33, As described
above, the cuter delivery sheath 964 can have a relatively small outer diameter such that #t
can be mserted through a small incision i the skin of the pationt. When the distal cod of the
delivery sheath 963 is at a desired location near the apex of the heart, the epicardial pad 939
can be moved outside of the delivery sheath 963 such that the epicardial pad 939 can assume
its based expanded configuration as shown in FEGS. 34 and 36. For example, to move the
epicardial pad 939 ocutside of the lumen of the dehivery sheath 963, the delivery sheath 963
can be moved proxmmally, such that the deliver sheath 963 18 removed from epicardial pad
939, Alematively, the epicardial pad 939 can be moved distally outside of the lumen of the
delivery sheath 963, For example, a push rod (not shown) can be used, or the mner delivery
sheath 964 m which the tether 936 15 disposed can be used to move or push the epicardial pad

639 out of the delivery sheath 963,

30187} Prior to moving the expanded epicardial pad 939 inio position on the apex of
the heart, conventional purse string sutures 963 at the incision throogh which the tether 936
extends out of the heart at the apex of the heart can be closed. The epicardial pad 939, in the
expanded configuration, can then be positioned on the apex of the heart. In this embodiment,
the epicardial pad 939 includes an integral locking mechanism 964 as shown in FIGS. 37-39.
The lockimg mechanism can be formed ingegrally with the frame member 961 and can nclude
barbs 967, Ag shown in FIGS. 33 and 34, the tether 936 can be inserted through a lumen of
the inner delivery sheath 964 such that the delivery sheath 964 can prevent the barbs 967
from contacting the tother 936. For example. the tether 936 can be threaded mto the nner
delivery sheath 964 prior o the ioner delivery sheath 964 and tether 936 bewng inserted
through the center opening of the epicardial pad 939, Thus, the mner debivery sheath 964 can
protect the tether 936 from the barbs 967 of the locking mechanism 966 darmng deployment
of the epicardial pad 939, When the epieardial pad 939 is deploved at the desired position on
the heart, the mner delivery sheath 964 can be removed uncovering the tether 936 and
allowing the barbs 967 to engage or picree the tether 936 as shown in FIGK. 38 and 39, The

barbs 964 can hold or lock the tether 936 and epicardial pad 939 in the desired posttion. The
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barbs 968 can be oriented at vanous different angles relative to a longitudinal axis of the

cpicardial pad 939, such as, for example, between 45-120 degrees.

{(0108] In alicrnative embodiments, other methods of securing the epieardial pad 939
to the beart can be used. For example, in an erobodiment 1o which the epicardial pad 939
does not include an integrated locking mechamsm as described above, the distal end portion
of the tether 936 can be tied or another seeuring device such as a clip or locking pin can be

ascd.

33109 FIGS. 40-42 sllustrate another embodiment of an expandable epicardial pad
device that can be used to seoure a tether attached to a prosthetic mitral valve to the heart, for
exarnaple, at the apex of the beart. An epicardial pad device 1039 {also referred to hercin as
“epicardial pad” or “pad”) can be used, for example, during a procedure to dehver a
prosthetic heart valve transfomorally as described herein. The gpicardial pad 1039 ¢an be
formed with a small profile such that the epicardial pad 1039 can be delivered to the exierior
of the heart via a small mcision and a small diameter delivery catheter or sheath (not shown)

as described above for epicardial pad 936,

{86118} Ag shown mn FIGS. 40-42, the epicardial pad 1039 includes a frame member
1061 and a fabric cover 1062, In this embodiment, the frame member 1061 mcludes a first
frame portion 1068 and a second frame portion 1669, As with the previous embodiment, the
frame member 1061 can be formed with, for example a shape-memory matenal such as
Nitinol®, such that the epicardial pad 1039 can have a biased expanded configuration as
shown in FIGS. 41 and 42, and can be moved to a collapsed configuration as shown in Fi{x.
40. For example, although not shown for this embodunent, the epicardial pad 1039 can be
placed withun a lumen of a delivery sheath to collapse or move the epicardial pad 1039 to the
collapsed configeration.  In the expanded configuration, the second frame portion 1069
expands within an mierior region defined by the first frame portion 1068 as best shown
FIG. 41, In other words, the second frame portion 1069 and the first frame portion 1068 form
a double-layer flower-like shape. The fabric cover 1062 can be formed with, for example,
various suitable material{s) such as, for example, polvester, polyethviene or ¢PTFE, as

described above for fabric cover 962,

{06118} in use, after a prosthetic mitral valve has been deployed within the heart H

{FIG. 42}, for example, via a transfemoral debivery approach as descnbed heremn, the tether
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1036 attached the prosthetic valve {not shown} can extend cutside the apex of the heart. The
epicardial pad 1039 can be used to secure the tether 1036 and prosthetic valve in a desired
position. With the tether 1036 extending outside of the heart, the tether 1036 can be threaded
through a lomen of an muer delivery sheath, such as mner delivery sheath 964 deseribed
above, and through a center opening of the epicardial pad 1039, An outer delivery sheath
{not shown) can be placed over the nner delivery sheath such that the epicardial pad 1039 10
coliapse the cpicardial pad 1039, As described above, the outer delivery sheath can have a
relatively small outer diameter such that it can be inserted through a small incision m the skin
of the patient. When the distal end of the delivery sheath is at a desired location vear the
apex of the heart, the epicardial pad 1939 can be moved outside of the delivery sheath 963
such that the epicardial pad 1039 can assume its biased expanded configuration as shown in

FIGH. 41 and 42 as described above for epicardial pad 939

{80112} Prior to moving the expanded epicardial pad 1039 into position on the apex of
the heart, conventional purse string sutures 1063 at the incision through which the tether 1036
extends out of the heart at the apex of the beart can be closed. The epicardial pad 1039, 1o the
expanded configuration, can then be positioned on the apex of the heart. The epicardial pad
1139 can include an integral locking mechamsm, similar to or the same as locking
mechanism 966 descnbed above 1o secure or lock the tether 1036 and epicardial pad 1039 in
position on the heart. In alternative erabodiments, other methods of securing the epicardial
pad 1039 1o the heart can be used. For example, as described above, the distal end portion of
the tether 1036 ¢an be tied or ancther securing device such as a clip or locking pin can be

used.

{06113 FIGS. 43 and 44 illustrate an expandable epicardial pad device 1139 according
to another crobodiment. The epicardial pad device 1139 can be used v the same or simifar
manner as described for previous embodiments o secure a fother attached fo a prosthetic
matral vadve o the heart, for example, at the apex of the heart. The epicardial pad device

<

1139 {also referred to herein as “epicardial pad” or “pad”) can be used, for example, during a
procedure to deliver a prosthetic heart valve transfemorally as deseribed herein.  In this
embodiment, the epicardial pad device 1139 mclhudes a balloon member 1155, The balloon
member 1155 can be small in size such that the balloon member 1155 can be delivered to the
exterior of the heart via a small incision and a small diameter delivery catheter or sheath {not

shown} as described above for previous embodiments,
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{60114} The balloon member 1155 can define an inner lumen through which the tether
1136 can be inserted. The epicardial pad 1139 can also include an inflation humen through
which an inflation mediom can be comnunicated fo and fron the balloon member 11533 For
example, the inflation lumen (not shown} can be defined by the balloon member 11535 orby a
separate wnflation Hne {not shown) i fluid commuonication with an interior of the balloon

member 1153,

{06115 in use, after a prosthetic mitral valve has been deployed within the heart H
{FIG. 42), for cxample, via a transfemoral delivery approach as descrbed heremn, the tether
1136 attached the prosthetic valve (not shown) can exiend outside the apex of the heart. With
the tether 1136 extending cutside of the heart, the tether 1136 can be threaded or nserted
through the lumen of the balloon member 1155 as described above. The balioon member
1155 can be mflated or deflated when the tether 1136 15 inserted nto the balloon lumen. The
balloon member 1153 can be collapsed or deflated (not shown} and then placed within a
himen of a delivery sheath {not shown}. The delivery sheath can be inserted through a small
mgision wn the skin of the patient and a distal end of the delivery sheath disposed at a desived
location near the apex of the heart, The epicardial pad 1139 (1.e., balloon member 1153} can

be moved outside of the delivery sheath and then can be inflated as shown in FIG. 43,

[06116] Purse string sutures 1163 at the masion through which the tether 1136 extends
out of the heart at the apex of the heart can be closed prior to positioning the gpicardial pad
1139 on the apex. Prior to posttioning the balloon mermber 11535 on the apex of the heant, the
balloon member 1155 can be partially deflated or fully deflated. The balloon member 11585 55
then moved distally nto contact with the heart where 1t can collapse wwardly upon itself (o
form a cup shape as the balloon member 1155 is pushed against the heart, as shown in Fi(r.
44, The epicardial pad 1139 and tether 1136 can be sceured 1o the desired position with, for
exanple, clip(s) or a locking pinds} or by tying the tether 1136, In some embodiments, the
balloon member 1155 15 secured by adhesively coupling the balloon member 1155 o the
tether 1136 such that the balloon member 1155 18 provented from moving relative to the
tether 1136, In some embodiments, the balloon member 1155 can be adhesively coupled to
the tother 1136 and also adhesively coupled o the heart. In some embodiments, the balloon
member 1155 is fully deflated and can be filled with an adbesive or a cement material to add

strength and rigidity to the balloon member 1155,
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{86117} FIGS. 45447 iHustrate yet another embodiment of an epicardial pad device that
can be used €0 secure a tether attached 1o a prosthetic nutral valve to the heart, for example, at
the apex of the heart. The epicardial pad deviee 1239 {also referred 1o herein as “epicardial
pad” or “pad”} can be used, for example, durning a procedure to deliver a prosthetic heart
valve transfemorally as described herein. In this embodiment, the epicardial pad device 1239
mclodes multiple stackable pad members 1273 that can be sized such that each stackable pad
member 1273 can be delivered separately to the exteror of the heart via a small tncision and
a small diameter delivery catheter or sheath (not shown)., When all of the stackable pad
members 1273 are implanted and attached to the heart, the stackable pad members 1273 can
define a total surface arca of, for example, 2 cm. The stackable pad mcembers 1273 can be
formed with, for example, sustable polymer or metal materials such as, for example, PEEK

plastic, or stainless steel such as, for example, MP35N stainless stesl.

{06118] In use, after a prosthetic mutral valve has been deploved within the heart H, for
example, via a transfomoral delivery approach as described herein, the tether 1236 attached
the prosthetic valve {not shown} can extend outside the apex of the heart. With the tether
1236 extending outside of the heart, a first stackable pad momber 1273 can be shid onio the
tether 1236, For example, the stacking members 1273 can define a through-hole in which the
tether 1236 can be received. The first stackable pad member 1273 can be shid or moved
distally along the tether 1236 untid it contacts the swrface of the heart H as shown i FIG. 45
A second stackable pad member 1273 can then be shid distally along the tether 1236 wntdd it
contacts the first stackable pad member 1273 and then a third stackable pad member 1273
can be shid distally along the tether 1236 until it contacts the second stackable pad member
1273 as shown in FIG. 45, Each stackable pad member 1273 can be onented at a different
angle relative to the tether 1236 as shown in FIG. 47, Using three separate stackable pad
members 1273 in this manner can distribute the forces against the surface of the heart more
evenly than a smgle stackable pad member 1273, After the three stackable pad mombers
1273 have been postfioned against the heart, a lockmg pin 1274 can be mserted laterally
through the tether 1236 o secure the stackable pad members 1273 agamnst the surface of the
heart. in some embodiments, it may be desirable to insert a locking pin after cach stackable

pad member 1273 has been positioned.

{06115 FIGS. 48-51B dlustrate an optional stopper tube device, also referred to as a

valve positioning device or 3 valve alignment device or included as part of a valve
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positicning device or valve alignment device that can be used dunng a procedurs to deliver a
prosthetic heart valve to a heart of a patient. For example, a stopper tube device as described
herein can be used during a procedure 1o deliver a prosthetic heart valve 1o a heart using a
variety of different delivery approaches, such as, a transfemoral approach as described above
for previgus embodiments, and as described below with respect to FIGS. 69274, Gther
delivery approaches can be used as described above, such as, a transatrial approach or a
transjugular approach. The stopper tube device can be used to assist in the positioning of the
prosthetic valve within the heart and prevent the prosthetic valve from entering the left
veniricle prior to delivering the prosthetic valve to the annalus of the heart. As shown in
FIGS, 48-51, a prosthetic valve 1300 can be constructed the same as or simiar o, and
function the same as or similar to, the prosthetic valves descnibed above for previous
embodiments.  For example, the prosthetic valve 1360 can imclude an outer frame and an
mner frame. The prosthetic valve 1360 can be delivered to the heart H as described above for
previous embodunents. For example, the prosthetic valve 1306 can be placed w the distal
end of a delivery sheath 1326 and the delivery sheath 1326 can be introduced through a
femoral vein puncture and extended through the iferior vena cava IV, into the night atrivm,
and then through a transseptal puncture of the septuro Sp of the heart H, and mio the left

atrtum LA of the heart FL

{06128 With the distal end portion of the debivery sheath 1326 disposed within the left
atrivm LA of the heart, the prosthetic valve 1300 can be deploved outside of the delivery
sheath 1326, A tether 1336 can be coupled to the prosthetic valve 1300 and used o pull the
prosthetic valve 1300 out of the lumen of the delivery sheath 1326 as described previously.
in some embodiments, the tether 1336 can be formed, for example, as a brarded rope or cord.
Alternatively, or mn addibion {0, a pusher device {not shown) {g.g., pusher device 238), as
described above can be used to deploy the prosthetic valve 1300, The tether 1336 can be

extended through the annulus, through the left ventricle LY and exit the heart at the apex Ap.

{06121} in this embodiment, the tether 1336 15 threaded or inserted through a stopper
tube device 1376 {also referred to as “siopper tube”} as shown in FIGS. 48-51. The stopper
tabe 1376 s then mserted through the apex Ap of the heart and a distal end of the stopper
tabe 1376 is extended through the foft ventricle LV, through the annubus and into the left

atriom LA, The stopper tube 1376 at this pomt in the delivery procedure can be used, for
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example, to prevent the prosthetic valve 1300 from entering into the left ventnicle LY too

carly or too deep.

{6122 As the prosthetic valve 1300 exits the lumen of the delivery sheath 1324, the
outer frarme assembly of the prosthetic valve 1300 exits the dehivery sheath 1326 m it
mverted configuration and begmns o revert or flip to its expanded or deploved configuration
as described above, for example, with respect o the embodiment of FIGS, 22-24, and as
shown i FIG. 30 In some cembodiments, the pusher deviee and/or the fether 1336 can be
used to aid 1o the reversion of the outer frame assembly. As shown in FIG. 50, with the outer
framne reverted and in its expanded or deploved configuration, the stopper tube 1376 and
tether 1336 are manipulated or moved such that they are 1n a fixed position relative (o the
heart, with the tother 1336 pulled taut to help position and control the movement of the
prosthetic valve 1360, The delivery sheath 1326 can also be moved forward or further within
the feft atrium LA to tilt the prosthetic valve 1300 toward the annulus such that the prosthetic

valve 1300, the stopper tube 1376 and the annulus are concentric.

j80123] With the prosthetic valve 1300, the stopper tube 1376 and the annulus in this
concentric alignment, the prosthetic valve 1300 can be pulled toward the stopper fube 1376
using the tother 1336 extending outside of a proximal end of the stopper tube 1376, The
stopper tibe 1376 cnables the prosthetic valve to be moved/positioned m a slow and
controllable mananer nto the annulus, as shown in FIG. 50, For example, during the
deployment of the prosthetic valve 1300, the stopper tube 1376 can help rotate the prosthetic
valve 1300 {o aclieve a desired anatonvical orfentation. The stopper tube 1376 can also be
used to push the prosthetic valve 1300 distally or toward the annulus in the case of the
prosthetic valve 1300 bemg deploved too low. Thus, the stopper tube 1376 can be used to
move the prosthetic heart valve 1o a desired position within a native nutral anoulus of the
heart by rotating the prosthetic heart valve about a central axis of the prosthetic heart valve
and/or laterally moving an orientation of the prosthetic heart valve relative to the native
mitral annufus. The stopper tube 1376 can also be used to move and postiion the prosthetic
valve in a proximal-distal direction within the heart. When the prosthetic valve 1300 15 10 the
desired position and ortentation within the anmdus, the stopper tube 1376 can be pulled out
through the apex Ap and the delivery sheath 1326 can also be pulled back out of the heart, as

shown mn FIG. 51A.
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{86124} FIG. 318 illustrates an altemative approach for introducing the stopper tube
1376 into the heart. Soch an approach can be used 1n any of the embodiments of a valve
positioning device or valve alignment device described hercin,  As shown w FIG. 51B. a
procedural catheter 1322 can first be introduced mmto the heart through the apex. The stopper
tabe 1376 can then be mserted through the procedural catheter 1322 and a distal end of the
stopper tiube 1376 disposed in the left atriom as described above with reference to FIGS. 48-

S1A.

{00125 in some crabodiments, a stopper twbe {or valve positioning device or valve
ahignment device) as described herein can be used dunng the deplovment of a prosthetic
valve that dogs not include a tether. For example, 1 such an embodiment, the prosthetic
valve may have a tapered nose cone or dilator tip portion at #is lead end and as 1t 13 deploved
mto the annudus, the distal end of the stopper tube can be placed against or over the tapered
nose cone and ased to help guide the positioning and orientation of the prosthetic valve
within the mutral anoulus. In some embodiments, for use with a prosthetic valve that dogs not
have a iether, a tomporary tether can be attached to the vaive such that a valve positioning
device as described herein can be used fo assist in the positioning of the valve within the
heart, For example, a tether can be removably attached to the valve {e.g., by tving the tether
to the valve or using anocther suitable attachment method) prior to delivery of the valve to the
heart and then removed afier the valve has been placed in the desired position and onentation
within the heart. The temporary tether can then be removed from the valve by, for example,

cutting the tether.

j0126] In some embodiments, a stopper tube can inclade an expandable member at its
distal end that can engage such a nose cone/dilator portion on a prosthetic valve. For
exarniple, the expandable member can be expanded to have an wobrella shape where the nose
cone of the prosthetic valve can be received within the concave portion of the umbrella-shape
expandable member. In some embodiments, such an expandable member can be formed with

a Nitinof brawd material.

[66127] In some embodiments in which the prosthetic valve dogs not include a tether,
but instead uses a guide wire to introduce and guide a prosthetic valve during deplovment, a
stopper tube as deseribed herein can be used in a sunilar manner as used with the tether of the
embodiment of FIGS. 48-31. For example, the stopper tube can be placed over the guide

wire and inserted through the apex and into the left atrium as described above. The guide
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wirg can then be osed to help position and orient the prosthetic valve n conjunction with the

stopper tubs.

{0128] Various alternative embodiments of a valve positioning device arc deseribed
hercin that can be used durng the deployment of a prosthetic heart valve. The various
embodiments of a valve positioning device can nclude an alignment member (1.¢., stopper
tube) and can be used to move and position a prosthetic heart valve within an annulus of the
heatt {¢.g.. native mitral annvlus) to achieve a desired anatomical ortentation and posttion
within the annulus. For example, after a prosthetic valve has been delivered at least partially
within a left atrium of a heart {(via any of a vanety of different debivery approaches such as,
for example, transfemoral, transatrial, transjugolar, or apically), a valve posttioning device
can be used to help rotate the prosthetic valve to achieve a desired anatomucal orientation
within the heart. The valve positioning devices described heren can also be used o push or
move the prosthetic valve, for example, distally or toward the anmudus 1 the case of the
prosthetic valve being deployed too low {e.g., into the left ventrcle in the case of a prosthetic
mitral valve). Thus, the valve positioning devices can be used to move a prosthetic heant
valve to a desired position and orientation within a native annulus of the heart by rotating the
prosthetic heart valve about a central axis of the prosthetic heart valve and/or Iaterally
moving an oricntation of the prosthetic heart valve relative to the vative apouius and/or

moving the prosthetic valve in a proximal-distal direction within the beart.

{00129 FIG. 52A iHustrates another embodiment of g valve positioning device that
can be used to assist m the positioning of a prosthetic valve. In this embodiment, a prosthetic
valve positioning device 1392 1s shown being used to position the prosthetic valve 1300
place of the stopper tube 1376 described above. The prosthetic valve positioning device 1392
{also referred to herein as “valve positioning device” or “posttioning device”) includes an
alignment member 1376 and an outer body member 1394 that has a stepped or varving outer
diameter. The alignment member 13767 can be tubular and define a humen (oot shown}. The
afignment member 1376 can be the same as or similar o the stopper tube 1376, The valve
positioning device 1392 can also mnclude a tother locking device 1395, The locking member
1395 can be, for example, a pinning device used o pierce through the tether, or a vice type
device configured to clamp or squecze the fether. Other types of tether locking devices can

~

alicmnatively be used. ln some embodiments, the aligoment member 13767 15 movably

disposed within 2 lumen of the outer body member 1394, In some embodiments, the
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alignment member 13767 is fixedly coupled to the outer body member 1394, and in vet other
crabodiments, the alignment member 13767 is integrally or monolithically formed with the

outer body member 1394

{801.34] Asg with the previous embodiment {(c.g., stopper tube 1376}, the alignment
member 1376 of the valve positioning device 1392 can be inserted through the apex of the
heart and used o assist i the posttioning of the prosthetic valve 1300 within the heart H and
prevent the prosthetic valve 1300 from cntering the left ventricle LY prior to delivering the
prosthetic valve to the anouius of the heart. The alignment member 13767 can be sipular in
structure and function to the stopper tube 1376, The outer body moember 1394 has a larger
outer diameter than the alignment member 13767, The outer body member 1394 can include
a distal portion having a first diameter and a proximal portion having a second diameter. The
first diarneter can be smaller than the sccond diameter to case manipulation of the outer body
member 1394 within the anatomy of a patient during use of the valve positioning device
1392, The larger diameter outer body mewmber 1394 together with the alignment member
1376 provides merecased countrol and torgueability when mancuvering the valve positioning
device 1392 during use. The multiple profile configuration of the valve positioning device
1392 can provide an ncreased amount of torgue to the prosthetic valve by maximizing torque
transfer through reducing the portion of the low profile portion of the device that cxtonds
cutside of the apex of the heart. In other words, although a smaller diameter portion of the
device 1s needed o be inserted into the heart, the device can include a larger profile portion of
the device that extends outside of the heart that can provide strength to the device and

improve torgueability.

{06131 Similar as deseribed with reference to FIGS. 48-51 above, after the distal end
of the delivery sheath 1326 is disposed within the loft atrium LA of the heart H and the
prosthetic valve 1300 1s deploved at least partially outside of the delivery sheath 1325, the
tether 1336 can be threaded or inserted through the valve positiomng device 1392 as shown
in FIG. 52, More specifically, the tether 1336 can be threaded or inserted through a lumen
{not shown} of the alignment member 13767, and through an opening of the locking device
1395, The alignment member 1376 can then be inserted through the apex Ap of the heart H
and a distal end of the alignment member 13767 can be 1nserted through the left ventnele LV,

through the anoulus, and into the left atrium LA, The alignieent member 13767 at this point
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i the delivery procedure can be used, for example, to prevent the prosthetic valve 1300 from

entering into the left ventricle LV too carly or too deep.

{60132] When the prosthetic valve 1300 has partially deployed or has transitioned into
its expanded or deploved configuration, the valve positioning device 1392 and the tether 1336
can be manipulated or moved 1o place the positioning device 1392 1o engagement with the
valve 1300. For example, the tether 1336 can be pulled taut while the alignment member
1376 15 moved distally such that the distal portion of the prosthetic valve 1300 {eg., 2
connecting portion sinular to or the same as connecting portion 544 described above with
reference to FIGS. 10-12) is 1n contact with the distal end of the alignment member 13767,
For example, at least a portion of the connecting portion of the prosthetic valve 1300 can be

disposed within a humen of the alignment momber 13767

{83133} With the tether 1336 held taut and the aligament member 1376 engaged with
the valve 1300, a proximal portion of the tether 1336 can be locked in place relative to the
ouier body member 1394 by the locking device 1393, As a resull, the prosthetic valve 1300
is held in a fixed position relative to the valve posttioning device 1392 and the combination
of the valve positioning device 1392 and the taut tether 1336 can help position and control the
movement of the prosthetic valve 1300, In other words, the alignment member 13767 and the
prosthetic valve 1300 can be moved together {e.g., rotated, moved distallv/proxamally, moved
posteriorly/anteriorly).  The delivery sheath 1326 can also be moved forward or further
within the left atrium LA to 1l the prosthetie valve 1300 toward the annulus such that the

prosthetic valve 1300, the alignment member 13767 and the anmulus are concentric,

{80134] Druring the positiomng of the prosthetic valve 1300 within the hean H, the
outer body member 1394 of the valve positoning device 1392 1s maintained outside of the
heart H and does not enter the apex Ap. In some embodiments, the alignment member 13767
can be adjustable such that i can be extended any suitabie distance from the distal end of the
outer body member 1394 to accommodate a vatiety of heart sizes while also minimizing the
extension distance of the alignment member 13767 from the outer body member 1394, For
gxample, in some mmplementations, the outer body member 1394 can be movably positioned
relative to the alignment member 13767 to adjust the length or portion of the alignment
member 13767 that extends distally from the outer body member 1394 10 a desired distance
within the heart. For example, the alignment member 1376 can be movably disposed within

a lumen of the outer body member 1394 and then locked at a desired position relative to the
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outer body member 1394, For example, in some cases, the alignment member 1376 can be
moved distally out of the lumen of the outer body member 1394 such that the alignment
member 13767 extends a distance of about 2 to about 3 oo from the distal end of the outer
body member 1394 o the heart H. In some embodiments, the alignment member 13767 18
not adjustable relative {o the outer body member 1394 and instead has a preset length or
portion that extends from the distal end of the outer bodv member 1394, In some
embodiments, the alignment member 1376 and the outer body portion 1394 arc formed

mtegrally or monohithically with each other as a single component.

{O3135] As a vesult of reducing the length of extension of the alignment member 13767
from the outer body member 1394, the movement of the alignment member 13767 within the
heart H can be more casily conirolied using the outer body member 1394, Said another way,
the portion of the alignment member 13767 oxtending distally from the outer body member
1394 will be more rigid the shorter distance the alignment member 13767 extends from the

outer body member 1394,

83136 Additionally, the abgnment member 13767 can be sized to extend any suitable
distance proximally within the fomen of the outer body member 1394, For exanpie, the
proximal cnd of the aligmment member 1376 can be posttioned within or coupled to the
smaller diameter distal portion of the outer bodv member 1394, Aliematively, for example,
the proximal end of the alignment member 1376 can extend in the larger diameter proximal
portion of the outer body member 1394, In some ernbodiments, the alignment merber 13767

extonds out a proxamal end of the outer body member 1394

{B0137] With the prosthetic valve 1300, the alignment member 13767 and the annulus
i the conecentric alignment shown in FIG. 324, the valve positioming device 1392 enables the
prosthetic valve 1300 to be moved/posttioned 1n a slow and controliable manner into the
annuhus.  For example, during the deployment of the prosthetic valve 1300, the valve
positioning device 1392 can help rotate the prosthetic valve 1300 1o achieve a desived
anatormical orientation.  The valve positioning device 1392 can also be used to push the
prosthetic valve 1300 distally or toward the annubus in the case of the prosthetic valve 1300
heing deploved too low. When the prosthetic valve 1300 15 w the desired position and
orientation within the annulus, the tether 1336 can be unlocked from the valve positioning

device 1392 and the alignment member 13767 of the valve positioning device 1392 can be
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puiled out through the apex Ap {e.g.. along the tether 1336} The delivery sheath 1326 can

also be pulled back out of the heart.

{3138 As with the previous embodiment, the valve positioning device 1392 can be
mtroduced st the heart via the procedural catheter 1322 as shown i FIG. S2B. The
procedural catheter 1322 can be inserted through the apex of the heart and wto the left
veniricle, and then the alignment member 13767 can be mserted through a humen of the
procedural catheter 1322 and mto the heart in a simiar manner as deseribed above for stopper

tube 1376 and FIG. 518,

{36139 FIGS. 53 and 54 illustrate another device that ¢an be used in positicning a
prosthetic valve simiarly to the stopper tube device 1376 and the valve posttionimg device
1392 described above. FIG. 53 is a schematic iHustration of a side view of a prosthetic valve
positicning device 1492 disposed in a first position and FEG. 34 illusirates the prosthetic
valve positioning device 1492 disposed i a second posttion.  The prosthetic valve
positioning device 1492 (also referred to herem as “valve postioning device”™ or “positioning
deviee”} includes an outer sheath 1479 and an alignment momber 1476, with both the outer
sheath 1479 and the alignment member 1476 shown in see-through in FIG. 533, As indicated
1 phastom at 1479 and 14797, the outer sheath 1479 can be a stecrable sheath, The
alignment member 1476 18 movably disposed within a lumen (not shown) of the outer sheath
1479, Additionally, the alignment member 1476 includes a tether fomen (not shown) and a

valve engagement feature 1477

{303140] The valve positioning device 1492 is configured to engage with and be used to
position a prosthetic valve 1400, The prosthetic valve 1400 can be substantially sinular m
structure and function to the prosthetic valves described heremn.  For example, the prosthetic
valve 1400 can mclude an outer frame and an inner frame. The prosthetic valve 1400 can be
delivered to the heart as described above for previcus cmbodiments. For example, the
prosthetic valve 1400 can be placed m the distal end of a debivery sheath and the delivery
sheath can be introduced through a fomoral vein puncture and extended through the mferior
vena cava, nto the night atrium, and then through a trangseptal puncture of the septum of the

heart, and into the left atriom of the heart.

{06141 Specifically, for example, the prosthetic valve 1400 includes a strut portion

1443 which includes a nwmber of struts, such as strut 1443A. The strut portion 1443 can be
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substantially similar in structure and function to the strut portion 543 described above with
reference to FIG. 7. The prosthetic valve 1400 also includes a connecting portion 1444, The
connecting portion 1444 can be substantially stmidar in structure and function to the
connecting poriion 344 described above with reference to FIGS, 10-12. A connecior 1489
extends from the connection portion 1444 and defines a recess 1491, Additionally, a tether
1436 1s coupled to the counector 1489 and/or the conuection portion 1444 of the valve 1400
The tether 1436 15 substantially sioular 1o structure and function to the tothers described
heretn. As shown o FIG. 533 the tether 1436 can extend through the fumen of the alignment

member 1476,

80142 The valve engagement feature 1477 of the alignment member 1476 and the
recess 1491 of the connector 1489 are shaped and sized such that the valve engagement
feature 1477 can be roceived within or otherwise engage with the recess 1491, In the scoond
position shown in FIG. 34, the ahignment member 1476 has been extended along the tether
1436 relative to the outer sheath 1479 info cngagement with the connector 1489, In the
sccond position, the valve engagement feature 1477 18 engaged with the recess 1491 and the
tether 1436 18 pulled taut in the direction of arrow AAL As a result, the alignment member
1476 can be used to move/position the prosthetic valve 1400 i a slow and controllable
manner mto an anmulos of a paticnt’s heart. Although the valve engagement feature 1477 and
the recess 1491 are shown as baving complementary rectangular shapes, the valve
engagement feature 1477 and the recess 1491 can have any suitable shape that allows for
engagement between the alignment momber 1476 and the prosthetic vaive 1400

=

Additionally, although the valve posttionung device 1492 of FIGS. 533 and 54 1s shown as
meluding only one connecting feature and one reccss, the alignment member 1476 can
mclade any suitable number of connecting features and the connector 1489 can mclade any
suitable nootber of recesses. In some mmplementations, a connecting feature can be located

on the connector 1489 and a recess can be located on the alignment member 1476,

{06143} in use, the valve positioning device 1492 of FHGS. 53 and 54 can be operated
sinularly to the valve positioning device {i.e., siopper tube 1376} desceribed with refercnee to
FIGH. 48-51. After the prosthetic valve 1400 has been at least partiaily deploved outside a
delivery sheath m the left atvum, and the tether 1436 is extended outside of the heart, the
tether 1436 can be threaded or mserted through the tether lumen of the alignment member

1476 as shown in FIG. 53, The outer sheath 1479 and the alignment member 1476 can then
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be inserted through the apex of the heart. The alignment member 1476 can be extended
relative to the cufer sheath 1479 such that a distal end of the alignment member 1476 can be
mserted through the left vestricle, through the annulus, and into the left atriwn.  The
ahignment member 1476 at thas pomt 1o the delivery procedure can be used, for example, to

prevent the prosthetic valve 1400 from entering into the left ventricle too carly or too deep.

{06144} When the prosthetic valve 1400 has partially deployed or has transitioned into
its expanded or deploved configuration, the alignment member 1476 and the tether 1436 can
be manipulated or moved to place the alignment member 1476 in engagement with the valve
1400, For example, the tether 1436 can be pulled taut proxymally toward the operator while
the alignment member 1476 15 moved distally such that the recess 1491 of the connector 1489
securely engages with the connecting feature 1491 of the alignment member 1476, With the
tether 1436 held tamt, a proximal portion of the tether can be locked in place relative to the
alignment member 1476 using a locking device (not shown}. As a result, the prosthetic valve
1400 can be held in a fixed posttion relative to the valve positioning device 1492
Alternatively, the operator can manually maintain the tother 1436 in a taut condition while
posinoning the prosthetic valve 14000 With the tether 1436 pulled taut andior locked m a
fixed position relative to the alignment member 1476, the connector 1489 can remain
cngaged with the distal end of the alignment member 1476 during, for example. distal,
proximal, lateral and/or rotational movement of the alignment member 1476 and the

prosthetic valve 1400,

j(0145] With the conmector 1489 of the prosthetic valve 1400 and the alignment
member 1476 engaged as shown i FIG. 534, the prosthetic valve 1400 can be
moved/positioned within the annufus in a slow and controlled manver. For example, during
the deplovment of the prosthetic valve 1400, the alignment member 1476 can be used o
rotate the prosthetic valve 1400 1o achieve a desired anatomical orientation. The alignment
member 1476 can alse be used to push the prosthetic valve 1400 distally or toward the
annulus in the case of the prosthetic valve 1400 being deploved too low. Additionally,
cmbodiments where the outer sheath 1479 15 steerable, the outer sheath 1479 can be
manipulated to forther control the movement and angular position of the prosthetic valve
1406. When the prosthetic valve 1400 is in the desired position and orientation within the

annulus, the tether 1436 can be unlocked from the alignment member 1476, and the
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alignment member 1476 and the outer sheath 1479 can be pulied out through the apex {e.g.,

along the tether 1436},

{36146 FIGS. 55 and 56 illustrate another device that ¢an be used in positicning a
prosthetic valve stnidary to the stopper tube device 1376, the valve posttioning device 1392,
and the valve positiomng device 1492 descenibed above. FIG. 55 18 a schematic iHhustration of
a side view of a prosthetic valve posttioning device 1592 shown disposed 1n a first position,
and FIG. 56 1s a side view of the prosthetic valve positioning device 1392 shown disposed 1
a second position. The prosthetic valve postiioning device 1592 (also referred to as a “valve
positioning device” or “positioning device”) meludes an outer sheath 1579 and an aligonment

~
i

member 1576, with both the cuter sheath 1579 and the alignment member 1576 shown in see-
through 1 FIG. 53, and the alignment momber 1576 shown in see-through n FIG. 36, As
mdicated 1 pbamtom at 15797 and 15797, the outer sheath 1379 can be a stecrable sheath.
The alignment member 1576 13 movably disposed within a hanen {not shown) of the ounter
sheath 1379, Additionally, the alignment member 1376 includes a tether lumen (not shown)
and a valve engagement portion 1377, The valve engagement portion 1577 includes multiple
valve engagement features protruding from the distal end of the alignment member 15376,

such as first valve engagement featire 1577A and second valve engagement feature 15778,

{06147} The valve posttioning device 1592 15 configured to engage with and be used to
help position a prosthetic valve 1500, The prosthetic valve 1506 can be substantially similar
mn structwre and function to the prosthetic valves described herein. For example, the
prosthetic valve 1300 can melade an outer frame and an inner frame. The prosthetic valve
1560 can be debivered to the heart as described above for previous embodiments.  For
exarnple, the prosthetic valve 1500 can be placed in the distal end of a delivery sheath and the
delivery sheath can be miroduced through a fornoral vein puncture and extended through the
mferior vena cava, mio the night atmam, and then through a transseptal puncture of the

septum of the heart, and wnto the loft atrium of the heart.

j0148] Specifically, the prosthetic valve 1300 nclodes a strut portion 1543 whick
mciodes multiple struts, such as strut 13434, The strut portion 1543 can be substantially
sitatlar 1o struchure and function to the strut portion 543 described above with reference to
FIG. 7. The prosthetic valve 1500 also mcludes a connecting portion 1544, The comnectimg
portion 1544 can be substantially similar in structure and function to the connecting portion

544 described above with reference to FIGS. 18-12. Additionally, a tether 1536 is coupled to
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the connection portion 1544, The iether 1536 is substantally similar in structire and
function to the tothers described herein. As shown in FIG. 55, the tether 1536 can extend

through the lumen of the aligmment member 1576,

{6149} The valve engagement portion 1377 of the alignment member 1376 15 shaped
and sized such that the valve cngagement portion 1577 can engage with the stnut portion
1543, As shown i FIG. 536, in the seeond position, the abgoment member 1576 has been
extended along the tether 1536 relative to the oufer sheath 15379 into engagement with the
strut portion 1343, In the second position, the valve cngagement foatures of the valve
engagement portion 1577 are engaged with the struts of the strut portion 1543 and the tether
1536 15 puiled taut in the direction of arrow BB, For example, the valve engagement portion
1577 defines recesses between the valve engagement features, such as between the first valve
cngagement feature 1577A and the sccond valve engagemont feature 15778 The strut
1543A can be moved mto engagement with the recess formed between the first valve
engagement featare 1577A and the second valve engageoment feature 153778, With the
alignment meraber 1576 cogaged with the prosthetic valve 1500, the alignment member 1576
and the prosthetic valve 1500 can be moved together. Thus, the alignment member 1576 can
be used to move/position the prosthetic valve 1500 in a slow and controllable manner into an
annulus of a patient’s heart.  Although the valve engagement features of the wvalve
engagement portion 1577 are shown as having rectangular shapes, the valve engagement
features can have any suvitable shape that allows for engagement between the alignment
member 1576 and the prosthetic valve 1500, Additionally, the alignment member 1576 can
mclude any suttable number of valve engagement features and the strut portion 1343 can

melude any suttable number of struts.

{06150 In use, the valve positioning device 15392 of FIGS. 55 and 36 can be operated
siratlarly to, for example, the valve positiomng deviee 1492 described with reference to
FIGS. 33 and 34, After the prostheic valve 1500 has been deployed outside a delivery sheath
i the left atrnum, the tether 1336 can be threaded or inserted through the tether lumen of the
ahignment member 1576 as shown in FIG. 550 The outer sheath 1579 and the aligonment
member 15376 can then be inserted through the apex of the heart. The alignment member
1576 can be extended relative to the outer sheath 1579 such that a distal end of the alignment
member 1376 can be inserted through the left ventricle, through the annulus, and into the left

atrium. Prior to cogagement of the valve engagement portion 1577 with the prosthetic valve
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1500, the alignment member 1576 at this pomnt in the dehivery procedare can be used, for
cxample, to provent the prosthetic valve 1500 from entering mto the left ventricle too early or

too deep as described above.

{60181} When the prosthetic valve 1500 has partially deploved or has transitioned into
its expanded or deploved configuration, the alignment member 1576 and the tether 1536 can
be mampulated or moved to engage the valve 1500, For example, the tether 1536 can be
pulled taut proximally foward the operator while the alignment member 1576 s moved
distally along the tether 1536 until the valve engagement portion 1577 sccurely engages with
the strut portion 1543 of the aligoment member 1576, With the tether 1536 held taut, a
proximal portion of the tether 1336 can be locked mn place relative to the alignment member
1576 using a locking device (not shown} as described above. As a result, the prosthetic valve
1560 can be held m a fixed position relative to the valve positioning device 1592,
Alternatively, the operator can manually maintain the tether 1336 in a tant condition while
positioning the prosthetic valve 1500, With the tether 1536 pulled taut and/or locked in a
fixed position welative to the alignment momber 1576, the strut portion 1343 of the valve
1500 can remain engaged with the distal end of the alignment member 1576 durimng, for

gxample, distal, proxamal, lateral and/or rotational movement of the alignment member 1576,

{00152} With the strut portion 1543 of the prosthetic valve 1300 and the wvalve
engagement portion 1577 of the alignment member 1576 engaged as shown in FIG. 36, the
prosthetic valve 1300 can be moved/posttioned within the annulus in a slow and controlied
manner. For example, during the deplovment of the prosthetic valve 1300, the aligonment
member 15376 can be used to rotate the prosthetic valve 1500 to achieve a desired anatomucal
oriendation. The alignment member 1576 can also be used to push the prosthetic valve 1500
distally or toward the anoulus o the case of the prosthetic valve 1500 being deploved too
low. Additionally, in embodiments where the outer sheath 1579 is steerable, the outer sheath
1579 can be manipalated to further control the movement and angalar position of the
prosthetic valve 1360, When the prosthetic valve 1500 is in the desired position and
orientation within the annulus, the tether 1336 can be unlocked from the alignment member
1576, and the abignment member 1576 and the outer sheath 1579 can be pulled out through

the apex {e.g., along the tether 1336}

{86153} FIGS. 57-39 dlustrate another device that can be used in positioning a

prosthetic valve similady to the valve posttioning devices deseribed above. FIG 37 15 a
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schematic ustration of a side view of a prosthetic valve positioning device 1692 disposed in
a first position, FIG. 38 iHustrates the prosthetic valve positiorung device 1692 in a second
position, and FiG. 39 dlustrates the prosthetic valve positioning device 1692 wm a thud
posiion.  The prosthetic valve positioning device 1692 {(also referred 1o as a “valve
posttioning device™ or “positioning device”} includes an outer sheath 1679 and an alignment
member 1676, with both the suter sheath 1679 and the alignment member 1676 shown in see-
through s FIGS. 37 and 58 As mdicated o phandom at 1679 and 16797, the outer sheath
1679 can be a steerable sheath. The alignment member 1676 i1s movably disposed within a
himen {not shown) of the outer sheath 1679, Additionally, the alignment member 1676
defines a distal opening 1696 10 commumnication with a lomen {vot shown} through which the
tether 1636 can be mserted. The distal end of the alignment member 1676 includes a valve

engagement portion 1677 descnibed 1n more detail below,

{86154} The valve posttioning device 1692 15 configured to engage with and be used to
position a prosthetic valve 1600, The prosthetic valve 1600 can be substantially similar in
structure and function to the prosthetic valves described heremn. For example, the prosthetic
valve 1600 can mchide an outer frame and an mner frame. The prosthetic valve 1600 can be
delivered to the heart as described above for previcus embodiments.  For example, the
prosthetic valve 1600 can be placed in the distal end of a delivery sheath and the delivery
sheath can be wmroduced through a fomoral vein puncture and extended through the ofenior
vena cava, o the right atrium, and then through a transseptal puncture of the septum of the

heart, and into the left ateiwm of the heart.

HEHRRY Specifically, the prosthetic valve 1600 mchides a strut portion 1643 that
mclodes multiple struts, including strut 1643A. The strut portion 1643 can be substantially
sitatlar 1o struchure and function to the strut portion 543 described above with reference to
FIG. 7. The prosthetic valve 1600 also mmcludes a connecting portion 1644, The connecting
portion 1644 can be substantially similar in structure and function to the connecting portion
544 described above with reference to FIGS. 18-12. Additionally, a tether 1636 is coupled to
the connection portion 1644, The tether 1636 i3 substantially similar i structure and
function to the tethers described herem.  As shown in FIG. 37, the tether 1636 can extend

through the lumen of the alignment member 1676,

{80136} The valve engagement portion 1677 i1s expandable from a collapsed or

padeploved configuration when disposed within the outer sheath 1679, as shown 1 FIG. 57,
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to an expanded or deploved configuration when the valve positioning device 1692 is moved
out of the outer sheath 1679, as shown in FIG. 58, in the second position shown 1n FIG. 38,
the alignment member 1676 has beon moved distally relative o the outer sheath 1679 in the
direction of arrow CC such that the valve cogagement portion 1677 extends distally from the
outer sheath 1679, When the valve cngagement portion 1677 i3 in the second position,
uncompressed by the outer sheath 1679, the valve engagement portion 1677 can expand to a
deployed contfiguration having a larger diameter than the diameter of the valve engagoment
portion 1677 when m the collapsed or undeploved configuration. For example, the valve
engagement portion 1677 can be formed with a shape-memory matenal and have a hiased
expanded or deploved configuration such that the valve cngagement portion 1677
automatically expands as 1t 18 moved out of the outer sheath 1679, In some embodiments, the
valve engagement portion 1677 can be formed by laser cutting a Nitinol” tube or by braiding

o ey N
Nitinol® wire.

{86157} The valve engagement portion 1677 of the alignment mewmber 1676 is shaped
and sized such that, in the expanded or deploved configuration, the valve engagement portion
1677 can surround the connecting portion 1644 and engage with the strut portion 1643, For
example, as the valve cngagement portion 1677 expands, the distal opening 1696 becomes
farger and the humen of the alignment member 1676 that s disposed ouiside of the outer
sheath 1679 also enlarges such that the connecting portion 1644 can be reccived through the
distal opening 1696 and be disposed within the portion of the lumen associated with the valve
engagement portion 1677 of the alignment member 1676, To move the valve engagement
portion 1677 into ts deploved or expanded configuration to engage with the struf portion
1643, the tether 1636 18 pulled taut and the aligoment member 1675 s moved distally along
the tether 1636 1n the direction of arrow CC relative 1o the outer sheath 1679, such that the

i
’I

engagement portion 1677 is moved outside a distal end of the outer sheath 1679, As shown
m FiG. 59, afier the valve engagement portion 1677 has been extended outside of the distal
end of the outer sheath 1679, the engagement portion 1677 can assume s brased expanded
position {as shown in FIG. 58} and can be moved farther distally to surround the connecting
portion 1644 and/or the strut portion 1643 of the valve 1800, The outer sheath 1679
optionally can be moved distally along the alignment member 1676 toward the prosthetic
valve 1600 in the direction of armow BD {o partially collapse or compress the valve
cngagement portion 1677 around the connecting portion 1644 and/or strut portion 1643 of the

valve 1600, Counseguently, the valve engagement portion 1677 can be engaged more securely
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with the valve 1600, As a result, the alignment member 1676 can be used to move/position
the prosthetic valve 1600 in a slow and controliable mauner into an annuhis of a patient’s

heart.

[06158] In use, the valve positioning device 1692 of FIGS. 37-5% can be operated
siratlarly to the valve positioning device 1592 described with refercnce o FIGK. 35 and 56.
After the prosthetic valve 1600 has been at least partially deploved cutside a delivery sheath
mn the left atrnpm, and the tother 1636 18 extended outside of the heart, the tether 1636 can be
threaded or mserted through the tumen of the alignment member 1675 as shown 1o FIG. 57
The outer sheath 1679 and the alignment member 1676 can then be inserted through the apex
of the heart. The alignment member 1676 can be extended relative 1o the ouvter sheath 1679
such that the valve engagement portion 1677 of the alignient member 1676 can be moved
cutside of the distal end of the outer sheath 1679 to assume its biased expanded configuration
as described above, and be inserted through the keft veniricle, through the avnulus, and mto
the left atrnin. Altematively, the outer sheath 1679 and the alignment member 1676 can be
mserted through the left ventricle, through the anmulus, and o the feft atrivm before the
valve engagement portion 1677 of the alignment member 1676 13 extended and expanded
relative 1o the cuter sheath 1678, Prior to engagement of the valve engagement portion 1677
with the prosthetic valve, the outer sheath 1679 and/or the alignment mewmber 1676 can be
used, for example, to prevent the prosthetic valve 1600 from entering mto the left ventnicle

oo sarly or too deep as described above.

0159] With the prosthetic valve 1600 partially deployed or m its expanded or
deploved configuration, the alignment member 1676 and the tether 1636 can be manipulated
or moved to engage the valve 1600, For cxample, the tether 1636 can be pulled taut
proximally toward the operator while the alignment momber 1676 18 moved distally along the
tether 1636 until the valve engagement portion 1677 surmrounds the connecting portion 1644
and/or the strut portion 1643 of the prosthetic valve 1600 as described above. With the tether
1636 held tawt, the cuter sheath 1679 can then be moved distally along the tether 1636
relative to the alignment member 1676 to partially collapse or compress the valve
engagement portion 1677 around the comnecting portion 1644 and/or the strut portion 1643 of
the valve 1600 (FIG. 59). Consequently, the valve engagement portion 1677 can be engaged

more securely with the valve 1600,
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{06168 In some embodiments, for even more secure engagement, with the tether 1636
held taut, a proximal portion of the tether 1636 can be locked in place welative to the
alignment merober 1676 using a locking device (not shown). As a result, the prosthetic valve
1600 18 held m a fixed position relative to the valve positioning device 1692, Altermatvely,
the operator can manually maintain the tether 1636 in a taut condition while positioning the
prosthetic vailve 1600, With the tether 1636 pulled taut and/or locked in a fixed position
relative to the alignment member 1676, the connecting portion 1644 and the strut portion
1643 of the valve 1600 can remain engaged with the distal end of the alignment member
1676 during, for example, distal, proximal, lateral and/or rotational movement of the

alignment member 1676,

{06161 With the connection portion 1644 and the steut portion 1643 of the prosthetic
valve 1600 and the valve engagement portion 1677 of the alignment member 1676 engaged
as shown in FIG. 59, the prosthetic valve 1600 can be moved/positioned within the annulas in
a slow and controllable manner. For example, during the deplovment of the prosthetic valve
1600, the alignment member 1676 can be used to rotate the prosthetic valve 1600 to achicve a
desired anatomical orientation. The alignment member 1676 can also be used to push the
prosthetic valve 1600 distally or toward the annulus in the case of the prosthetic valve 1600
being deployed too low. Additionally, in embodiments where the outer sheath 1679 s
sicerable, the outer sheath 1679 can be mampulated to further condrol the movenment and
angudar posttion of the prosthetic valve 1600, When the prosthetic valve 1604 18 s the
desired position and orientation within the annulus, the tether 1636 can be unlocked from the
alignment member 1676, and the alignioent member 1676 and the outer sheath 1679 can be

pulled ont through the apex {c.g., along the tether 1636).

{80162] FIG. 60 dlustrates another embodiment of a valve positioning device that can
be used to assist in the positioming of a prosthetic valve, As shown in FIG. 60, a prosthetic
valve 1700 can be constructed the same as or similar to, and function the same as or sinnlar
to, the prosthetic valves described above for provious embodiments.  For example, the
prosthetic valve 1700 can mclude an outer frame and an inner frame.  Addwionally, the
prosthetic valve 1760 can include a connecting portion (not shown} and a strut portion {(not
shown) constructed the same as or stmilar to, and functioning the same as or similar to, the
prosthetic valves described above for previous crabodiments. The prosthetic valve 1700 can

also melude a tether 1736 that 1s the same as or sinular (o the tethers desenbed above for
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previous embodiments.  The prosthetic valve 1700 can be delivered to the heart H as
described above for previous embodiments. For example, the prosthetic valve 1700 can be
placed in the distal end of a delivery sheath 1726 and the delivery sheath 1726 can be
miroduced through a fomoral vein punctare and extended through the inferior vena cava IVC,
mto the nght atrivm, and then through 3 transseptal punctare of the septum Sp of the heart H,

and nto the left atrivm LA of the heart H.

{80163} In the embodiment of FIG. 60, a prosthetic valve positioning device 1792 is
shown being used to postion the prosthetic valve 1700, The prosthetic valve positioning
device 1792 (also referred 1o herein as a “valve positioning device” or “positioning device™)
mclades an ovter sheath 1797 extending from an outer body member 1794, The outer sheath
1797 can be tubular and defines a humen {not shown}. The cuter body member 1794 can
have a stepped or varying outer diameter. fn some embodiments, the ower sheath 1797 s
movably disposed within a fumen of the oster body member 1794, In some cmbodiments,
the outer sheath 1797 15 fixedly coupled to the cuter body member 1794, and in yot other
crabodiments, the outer sheath 1797 is mitegrally or monolithically formed with the outer
body member 1794, The outer body member 1794 has a larger outer diameter than the outer
sheath 1797, In some embodiments, the outer body member 1794 can be the same as or
simnilar to the outer body member 1394 described above with reference to FIG. 52, The larger
diameter outer body member 1794 together with the owter sheath 1797 can provide morcased
control and torgueability when maneuvering the valve positioning device 1792 durnng use.
As described previously herein, the multiple profile configuration of the valve positioning
device 1792 can provide an increased amount of torgue to the prosthetic valve by maximizing
torque transfer through reducing the portion of the low profile portion of the device that
extends outside of the apex of the heart. In other words, although a smaller diameter portion
of the device is needed to be mserted mto the heart, the device can inciude a larger profile
portion of the device that extends outside of the heart that can provide strength to the device

and mmprove torgueability,

{33164 In this embodiment, the valve posttioning device 1792 also mcludes an 1oner
sheath 1779 and an alignment member 1776, The mner sheath 1779 can be the same or
similar in structure and fimction fo the outer sheath 1679 described above with reference o
FIGS. 57-39. For example, the inner sheath 1779 can be tubular and define a tumen {not

-

shown}., The alignment member 1776 can be constructed the same as or sinular to, and

43



WO 2016/196933 PCT/US2016/035719

function the same as or similar to, the alignment member 1676 descnibed above. For
cxample, the alignment member 1776 can be tobular and define a lomen (not shown) and a
distal opentag 1796, A distal end portion of the alignment member 1776 includes a valve
engagement portion 1777, The mner sheath 1779 15 movably disposable within the lumen of
the ounter sheath 1787, Smmilarly, the alignment member 1776 1s movably disposable within
the lumen of the inner sheath 1779, The valve positioning deviee 1792 can also melude a
locking device 1795 for locking the tether 1736 in a fixed position relative to the posttionimg

device 1792,

j0165] As with the previous embodiment, the valve engagement portion 1777 of the
ahignment member 1776 can have a collapsed or undeploved configuration when disposed
mside the humen of the inner sheath 1779 and an expanded or deploved configuration when
moved ouiside of the lumen of the inner sheath 1779, When the valve cogagement portion
1777 15 extended distally from the nner sheath 1779, the valve engagement portion 1777 can
expand to an expanded or deploved configuration having a larger diameter than the diameter
of the valve engagement portion 1777 when m a coliapsed or undeploved configuration. The
valve engagement portion 1777 can be formed with a shape-memory material and have a
biased expanded or deploved configuraton such that the valve engagement portion 1777
automatically expands as it 18 moved out of the inner sheath 1779 In some embodiments |
the valve engagement portion 1777 can be formed by laser cutting a Nitinol® tube or by
braiding Nitinol™ wire. Additionally, the valve engagement portion 1777 of the alignment
member 1776 s shaped and sized such that, in the expanded or deployed configuration, the
valve cogagement portion 1777 can surround the connecting portion of the prosthetic valve
1700 and engage with the strut portion of the prosthetic valve 1700 in the same or similar

manner as descenibed for positioning device 1692,

{06166] As with the previous embodiments, the valve positioning device 1792 can be
mserted through the apex of the heart and used to assist in the positioming of the prosthetic
valve 1700 within the heart H and to prevent the prosthetic valve 1780 from entering the feft
ventricle LV prior to dehivenng the prosthetic valve to the annulus of the beart. In addition,
the valve postbionmg device 1792 can be used to position the prosthetic valve 1700 with
mcreased control over the prosthetic valve 1700 and minimal damage to surrovnding heart

{ISSUCS.
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{86167} Sumlar as described with refergnce to FIGS. 57-39 above, after the distal end
of the delivery sheath 1726 and the prosthetic valve 1700 are disposed within the left atrium
LA of the heart H, and the tether 1736 15 extended outside of the heart H, the tether 1736 can
be threaded or 1nseried through the valve posttioning deviee 1792 as shown i FIG. 60, More
specifically, the tether 1736 can be threaded or inserted through the hunen of the alignment
member 1776 and through an opening of the locking device 1795, The valve positioning
deviee 1792 can then be inserted through the apex Ap of the heart H and a distal end of the
outer sheath 1797 can be wserted through the left ventricle LV, through the annalus, and into
the left atrium LA, The valve positioning device 1792 at this point in the delivery procedure
can be usced, for example, to provent the prosthetic valve 1700 from ontering mio the left

veniricle LV 100 carly or foo deep as desceribed above for previous embodiments.

{60168} When the prosthetic valve 1700 has partially deploved or has transitioned into
its expanded or deploved configuration, the inner sheath 1779 can be extended distally from
the outer sheath 1797 and the alignment member 1776 can be extended distally from the
mner sheath 1779, simultancously or sequentially. Similar to the alignment member 1676
described above with reference to FIGS. 37-59, as the alignment member 1776 exits the distal

~
H

end of the inner sheath 1779, the valve engagement portion 1777 can expand from the
undeployed or collapsed configuration into the deploved or expanded configuration. After
the valve engagement portion 1777 has expanded to a diameter larger than the distal end of
the prosthetic valve 1700 {e.g.. the conpection portion and/or the strut portion}, the alignment
member 1776 and the tether 1736 can be manipulated or moved to place the valve
engagement member 1777 in engagoment with the valve 1700, For example, the tether 1736
can be pulled taut proximally toward the operator while the alignment member 1776 is
moved distally such that the valve engagement portion 1777 surrounds the connecting portion
and/or the strut portion of the prosthetic valve 1700, Once the valve engagement portion
1777 1s posttioned such that 1t surrounds the connecting portion and/or portion of the strut
portion, with the tether 1736 held tant, the tnner sheath 1779 can be moved distally along the
tether 1736 and relative to the alignment member 1776 to partially collapse or compress the
valve engagement portion 1777 of the alignment member 1776 around the connecting portion
and/or the strut portion of the prosthetic valve 1700, Consequently, the valve engagement
portion 1777 can be engaged more securely with the valve 1700, As a resull, the alignment
member 1776 can be used to move/position the prosthetic valve 1700 m a slow and

controllable manner o an anwulus of a patient’s heart. The delivery sheath 1726 can also
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be moved forward or further within the feft atrium LA to 11t the prosthetic valve 1700 toward
the annohis such that the prosthetic valve 1700 and the valve engagement portion 1777 are
positioned i preparation for engagement and such that the prosthetic valve 1706, the valve

engagement portion 1777 and the annulus are conceninic,

{06169 In somie embodiments, for case of manpulating the valve posiioning device
1792, with the tether 1736 held taut, a proxamal portion of the tether 1736 can be locked n
place relative to the alignment member 1776 using the locking device 1795, Alternatively,
the operator can manually maintain the tether 1736 1o a taut condition while positioning the
valve engagement portion 1777 and the mper sheath 1779 relative to the prosthetie valve
1700, With the tether 1736 pulled taut andfor locked 1n a fixed position relative to the
alignment member 1776, the connecting portion and a portion of the strut portion of the valve
17600 can remaim within the valve cogagement portion 1777 of the alignment mernber 1776
while the mner sheath 1779 1 moved distally into compressing engagement with the valve
engagement portion 1777 as described for the provious embodiment. With the inner sheath
1779 partially collapsing or compressing the valve engagement portion 1777 around the
connecting portion or a portion of the strut portion of the valve 1700, and the tether 1736
maintained 1w a taut and/or fixed position relative to the engagement member 1777, the
alignment member 1776 can be used to move the valve 1700, for example, distally,
proximally, and/or rotationally. Alternatively, after the alignment member 1776 and twner
sheath 1779 have engaged the valve 1700, the need to maintain the tether 1736 m a taut or
fixed position relative to the alignment member 1776 may no longer oxist. Similar to the
outer body member 1392 described above with reference to FIG. 52, during the positioning of
the prosthetic valve 1700 within the heart H, the outer bodv member 1794 of the valve

posiioning devige 1792 1s mamtained outaide of the heart H and does not enter the apex Ap.

{06178 In some embodiments, the outer sheath 1797 can be adjustable such that i can
be extended anv suitable distance from the distal end of the outer body member 1794 1o
accommodate a variety of heart sizes while also munumizing the extension distance of the
outer sheath 1797 from the outer body member 1794 For example, in some
mnplementations, the outer body member 1794 can be movably positioned relative to the
outer sheath 1797 to adjust the length or portion of the outer sheath 1797 that extends distally
from the outer body member 1794 1o a desived distance within the heart. For example, the

outer sheath 1797 can be movably disposed within a lumen of the outer body member 1794
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and then locked at a desired position relative 1o the outer body member 1794, For example,
i some ¢ases, the outer sheath 1797 can be moved distally out of the hunen of the outer body
member 1794 such that the outer sheath 1797 extends a distance of about 2 to about 3 om

from the distal end of the outer body member 1794 mio the heart H.

{86171} In some embodiments, the outer sheath 1797 is not adjustable relative 1o the
outer body member 1794 and instead has a preset length or portion that extends from the
distal end of the outer body member 1794, In some embodiments, the outer sheath 1797 and
the outer body portion 1794 are formed iotegrally or monolithically with cach other as a
single component.  As a result of reducing the length of extension of the outer sheath 1797
from the outer body member 1794, the movement of the outer sheath 1797 within the heart H
can be more easily conirolled using the outer body member 1794 Said another way, the
portion of the outer sheath 1797 extending distally from the outer body member 1794 will be
more rigid the shorter distance the outer sheath 1797 extends from the outer body member
1794, Additionally, similar to the alignment member 1376 deseribed above, the outer sheath
1797 can be sized to extend any suitable distance proximally within the outer body member

1794,

{06172} Although the outer sheath 1797 is described above as being inttially extended
such that a distal end of the outer sheath 1797 is inserted through the left ventricle LV,
through the annuhus, and into the [eff atrium LA before the inner sheath 1779 s pushed distal
of the outer sheath 1797, the distal end of the outer sheath 1797 can be positioned m any
suttable position in the heart H for the exiension of the mner sheath 1779 from the outer
sheath 1797 For example, the distal end of the outer sheath 1797 can be positioned in the
feft ventricle LY or the annulus when the inner sheath 1779 is extended from the outer sheath

179

ok

{80173} With the prosthetic valve 1760, the alignment member 1776, the tnner sheath
1779, and the annulus in the coneentric alignment shown in FIG. 60, the valve positioning
deviee 1792 can be used to move and position the prosthetic valve 1700 withan the annolus in
a slow and controliable manner. For example. dunng the deployment of the prosthetic valve
1760, the valve positioning device 1797 can help rotate the prosthetic valve 1700 to achieve a
desired anatomical orientation. The valve positioning device 1792 can also be used 1o push
the prosthetic valve 1700 distally or toward the annulus in the case of the prosthetic valve

1700 being deploved too low. When the prosthetic valve 1700 is in the desired position and
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orientation within the annulus, the tether 1736 can be unlocked from the locking device 1795
to allow movement of the positioning deviee 1792 relative to the tether 1736, The ioner
sheath 1779 can be pulled proximally relative to the alignmont member 1776, releasing the
coropression on the valve cogagement portion 1777 of the aligoment member 1776, The
alignment member 1776 can be pulled proximaliv relative to the fnner sheath 1779 until the
alignment member 1776 1s in the collapsed or unexpanded position within the inmer sheath
1779, The mner sheath 1779 and the outer sheath 1797 of the valve positioning device 1792
can be pulled out through the apex Ap {e.g., along the tother 1736}, and the delivery sheath
1726 can also be pulled back out of the heart. In some embodiments, the tnner sheath 1779
comtaining the alignment member 1776 is retracted 1nto the outer sheath 1797 and/or out of
the apex Ap before removing the outer sheath 1797 from the heart H. In other embodiments,
the cuter sheath 1797 can be romoved from the heart H before removing the mmner sheath

1779 containing the alignment member 1776 from the heart H

{06174} FIGS. 61 and 62 diunstrate ancther device that can be used in positioning a
prosthetic valve similady to the valve positioning devices described above. FIG 6l s a
schematic tlustration of a side view of a prosthetic valve posttioning device 1892 in a first
posttion, and FIG. 62 illustrates the prosthetic valve postbioning device 1892 i a sccond
posiion.  The prosthetic valve positioning device 1892 (also referred to herein as “valve
positioning device” or “posttioning device”) includes an owter sheath 1879 and an alignment
member 1876, with the outer sheath 1879 shown in sce-throogh w FIG. 61, Similar to the
outer sheaths described above, the outer sheath 1879 can be a stecrable sheath. The
alignment member 1876 is movably disposed within a lurnen {not shown} of the outer sheath
1879, In this embodiment, the alignment member 1876 includes an elongated member 1893
and a valve engagement portion 18377 extending from the distal end of the clongated member
1898. The valve engagement portion 1877 includes a snare portion 1399 shaped as a loop.
In sone emboduments, the snare portion 1899 of the valve cogagement portion 1877 can have
a gooseneck shape.  For example, the alignment member 1876 can be an Amplatz
GooseNeck™ Snare or Amplatz GooseNeck™ Microsnare, such as is shown in FIG. 63, In
some cmbodiments, the clongated merber 1898 is shaped as a microcatheter or a tube and
meludes a lumen (oot shown). In such embodiments, the snare porfion 1899 can be coupled
to or formed with an clongated wire 1893 that s movably disposed within the lumen of the
clongated muember 1898 as shown m FIG. 63, In other embodimends, the elongated member

1898 can be shaped as a wire and the snare portion 1899 can be coupled directly thereto.
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{86175} As with previcus embodiments, the valve positioning devige 1392 s
configured to cngage with and be used to position a prosthetic valve 1830, The prosthetic
valve 1800 can be substantially stmilar in stoucture and function to the prosthetic valves
described herein. For example, the prosthetic valve 1800 can melude an outer frame similar
m structure and function (o outer frame assembly 510 described above with reference to FIG.
7 and an inner frame similar in strecture and finetion to the mner frame 330 described above
with reference to FIG. 10 The prosthetic valve 1800 can be delivered to the heart as
described above for previcus embodiments. For example, the prosthetic valve 1800 can be
placed in the distal end of a delivery sheath and the delivery sheath can be tntroduced through
a fomoral vein puncture and extended through the mferior vena cava, mio the right atrium,
and then through a transsepial puncture of the septum of the heart, and into the lefl atrium of

the heart.

{80176} Specifically, for example, the prosthetic valve 1800 meludes a sirut portion
1843 which meludes multiple stouts, such as stnit 1843A. The strut portion 1343 can be
substantiallv sinular in structure and function to the strut portion 543 desenbed above with
reference to FIG. 7. The prosthetic valve 1800 also mcludes a connecting portion 1844 that
can be substantiallv similar in stractore and function to the connecting portion 544 described
above with reference to FIGS. 10-12.  Additionally. a iether 1836 is coupled to the
connection portion 1844, The tother 1836 1s substantially stadar in stoucture and function to
the tethers described above. In this embodiment, as shown in FIG. 57, the tether 1836 can
extond through the snare portion 1899 of the valve engagement portion 1877 and through the

lumen of the outer sheath 1879,

{66177] The valve engagement portion 1877 1s extendabie from an undeploved
configuration {not shown) when disposed within the lumen of the outer sheath 1879 0 a
deployed configuration when disposed outside of the onter sheath 1879, as shown m FIG. 61.
In some embodiments, the andeploved configuration of the valve engagement portion 1877
can be a coliapsed configuration where the valve engagement portion 1877 1 bent. squeezed,
or otherwise reduced m diameter fo it into the lumen of the outer sheath 1879, The valve
engagement portion 1877 can be formed with a shape-memory material and have a biased
expanded or deploved configuration such that the valve cngagement portion 1877
automatically expands as it is moved ocut of the lumen of the owter sheath 1879

Alternatively, the valve engagement portion 1877 can remain at substantially the same angle
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relative to the elongated member 1898 both within the ouier sheath 1879 and ocutside of the
outer sheath 1879 {¢.g., about 90°) as a result of having a smaller diameter than the lomen of

the outer sheath 1879

{60178} The valve engagement portion 1877 of the alignment member 1876 is shaped
and sized such that, in the expanded or deploved configuration, the snare poriion 1899 of the
valve engagement portion 1877 can sorround and engage with a portion of the outer frame of
the prosthetic valve 1830, As shown m FIG. 62, the alignment member 1876 has been
extended along the tother 1836 relative to the outer sheath 1879 wmio engagement with the
valve 1800, In this position, the snare portion 1899 of the valve engagement portion 1877 18
engaged with the valve 1800 and the tether 1836 13 pulled taut in the direction of arrow EE.
As shown in FIG. 62, the movement of the valve engagement portion 1877 in the duection of
arrow FF into engagement with the prosthetic valve 1800 causes the prosthetic valve 1800 to
compress. The biased ocutward force of the prosthetic valve 1800 on the valve engagement
portion 1877 {i.c, snare portion 1899} resulis m a secure engagement between the prosthetic
valve 1800 and the valve engagement portion 1877, Ag a result, the aligronent member 1876
can be used o move/position the prosthetic valve 1800 in a slow and controllable manner
mito an annulos of g patient’s heart.  Additionally, depending on the size of the snare portion
1899 of the valve engagement portion 1877, the valve engagement portion 1877 can partially
coliapse the prosthetic valve 1800 to vartous sizes, as shown in FIG. 62, to allow at least a
portion of the prosthetic valve 1800 to be moved mnto the Ieft ventricle for deployment below

the mitral anoulos.

36179 In wse, the valve positioning device 1892 of FIGS. 61462 can be operated
similarly {0 the valve positioning deviee described above. After the prosthetic valve 1800 has
beon at feast partially deploved outside a delivery sheath in the left atnium and the tether 1836
is extended outside of the heart, the tether 1836 can be threaded or inserted through the valve
engagement portion 1877 {ic., snare portion 1899} of the alignment member 1876 and
through the outer sheath 1879 Wih the alignment momber 1876 within the outer sheath
1879, the outer sheath 1879 and the alignment member 1876 can be mserted through the apex
of the heart. The alignment member 1876 can be moved distally relative to the outer sheath
1879 such that the valve engagement portion 1877 (i.c., snarc portion 1899) exits the lumen
of the outer sheath 1879 and can assurse 1is deploved expanded configuration. The valve

engagement porfion 1877 can be inserted through the left ventnicle, through the avnulus, and
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mto the left atum. Altematively, the outer sheath 1879 and the alignment member 1876 can
be mserted through the keft ventricle, through the annulus, and into the left atrnum before the
valve engagement portion 1877 of the alignment member 1876 1s extended distally outside of
the fumen of the outer sheath 1879, The outer sheath 1879 and/or the alignment member
1876 at this pomt in the delivery procedure can be used, for example, to prevent the

prosthetic valve 1800 from entering info the feft ventricle too carly or too deep

{06186 When the prosthetic valve 1800 has partially deploved or has transttioned nto
its expanded or deploved configuration, the alignment member 1876 and the tether 1836 can
be manipulated or moved fo cause the valve engagement member 1877 to engage with the
valve 1300, For example, the tether 1836 can be pulled tant proximally toward the operator
while the aligriment member 1876 is moved distally such that the valve engagement portion
1877 (i.c., snare portion 1899} compresses and sccurely engages with the prosthetic valve

18040,

{181 In some embodiments, for even more ¢ engagement, with the tether 1836
held taut, a proxmmal portion of the tether 1336 can be locked i place relative {o the
alignment member 1876 using a locking device {not shown). Altematively, the operator can
manuallv maindain the tether 1836 in a taut condition while positioning the prosthetic valve
1800, Wiuth the tether 1836 pulled taut and/or locked 1n a fixed position relative to the
afignment member 1876, and the alignment member engaged with or coupled to the outer
frame of the prosthetic valve 1800, the alignment member 1876 can be used to move the
valve 1800, for example, distally, proxamally, and/or rotationallyv to position the valve 1800

i a desired position within the annalus.

[06182] In some embodiments, the snare portion 1899 of the valve engagement portion
1877 can have an adjustable diameter in order 1o adjust the tightness of the valve engagement
portion 1877 around the valve 1800, or to accomumodate different sizes of the valve 1800,
For example, the alignment member 1876 can be structured so that at least a portion of the
valve engagement portion 1877 can be withdrawn inio a tube of the alignment member 1876

1 2 manner similar to a ship knot or lasso.

{06183} With the prosthetic valve 1300 and the valve engagement portion 1877 of the
alignment member 1876 engaged as shown in FIG. 62, the prosthetic valve 1800 can be

moved/positioned within the annulus 1 a slow and controllable manner. For example, during
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the deployment of the prosthetic valve 1800, the alignment member 1876 can be used to
rotate the prosthetic valve 1800 to achieve a desired anatomical orentation. The alignment
member 1876 can also be used to push the prosthetic valve 1800 distally or toward the
annulus n the case of the prosthetic valve 1800 being deploved too low. Additionally, n
embodiments where the outer sheath 1379 19 steerable, the outer sheath 1879 can be
manipuiated fo further control the movement and angular position of the prosthetic valve
1800, When the prosthetic valve 1800 is i1n the desired position and orientation within the
annudus, the tether 1836 can be unlocked from the ahignment member 1876, and the
afignment member 1876 and the outer sheath 1879 can be pulied out through the apex {e.g..

along the tether 1836},

{3184 FIGS. 64-68 sllustrate another device that can be used n positioning a
prosthetic valve similarly to the valve positioning devices described above. A prosthetic
valve posttioning device 1992 {also referred to hercin as “valve positioning device” or
“positioning device”} inchides an alignment member 1976 operatively coupled to a handie
asscrubly 1911, The aligoment member 1976 can be tubular and define a lumen (not shown)
and can be configured the same as or similar to the stopper tube 1376 desceribed above. The
valve positioming device 1992 mcludes a tether locking device 1993 and an actuator 1913
disposed on the handle asserubly 1911, The locking member 1993 can be, for example, a
pinning device used to pierce through a tother 1936 extending from a prosthetic valve 1900 as
previously described.  In alternative embodiments, the locking member can be a vice-type
device configured to clamp or squeeze the tether. Other tvpes of tether locking devices can
alternatively be used. The alignment member 1976 15 movably and operatively coupied 1o
the actuator 1918 such that when the actuator is actuated, the aligoment member 1976 can be
moved longitudinaliy relative to the handle assembly 1911, In other words, daring vse the
actuator 1915 can be used to move the alipnment member 1976 proxamally or distally as

descrnbed i more detail below.

{86185 As with the previous embodiments, the alignment member 1976 of the valve
positioning device 1992 can be inserted through the apex of the heart and used to assist n the
posttioning of a prosthetic valve 1900 within the heart. For example, the valve positioning
device 1992 can be ased o prevent the prosthetic valve 1900 from entering the left ventricle
prior to delivering the prosthetic valve 1900 to the amnulus of the heart. The valve

positioning device 1992 can also be used to rotate and orient the prosthetic valve 1900 in a
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desired position within the native annolus of the mutral valve., In some embodiments, the
afignment member 1976 can be introduced into the heart through a procedural catheter {not

shown 1 FIGS. 64-68) as described above, for example, with reference to FIG. 5318,

{06186] As previously described, after the prosthetic valve 1900 has been dehivered to
a loft atrium of a heart and reverts back to a non-inverted expanded configuration, the toiher

1936 can be threaded or inserted through the valve positioning device 1992 as shown m FIG.

o8

4. More specifically, the tether 1936 can be threaded or inserted through a homen {(not
shown} of the alignment member 1976, and through an mterior of the handle assembly 1911
and the locking device 1995, The alignment member 1976 can then be inscried through the
apex of the heart {or through a procedural catheter inserted through the apex of the beart} and
a distal end of the alignment member 1976 can be inserted through the left ventricie, through
the annubus, and into the left atrium. The alignment member 1976 at this point in the delivery
procedure can be used, for example, to prevent the prosthetic valve 1900 from entering into

the left ventricle too eary or too deeply.

j33187] When the prosthetic valve 1904 has partially deploved or has trapsitiongd inio
its expanded or deployved configuration, the valve positioning device 1992 can be used to help
position the prosthetic valve 1900 within the annulus. More specifically, the tether 1936 can
be pulled taut and thon pinned to the handle assembly 1911 with the locking device 1995,
With the tether 1936 pionned to the handle assembly 1911, the tether 1936 and prosthetic
valve 1900 will not be able to move relative to the handic assembly 1911 In thus
embodiment, to roove the alignment member 1976 distally, the user (e.g., physician) can
actuate the actuator 1915 o capse the alignment member 1976 to move distally. In this
embodmnent, the actuator 1915 mchudes a rotatable advancement koob as shown in FiG. 64,
Thus, the user rotates the advancement knoh to move the alignment member 1976 distally
such that the distal portion of the prosthetic valve 1900 (e.g., a connecting portion similar to
or the same as connecting portion 344 deseribed above with reference to FIGS. 16-12) s

contact with the distal end of the alignment merber 1976 as shown i FIGS. 64 and 65.

{(33188] By continuing to turn the advancement knob {io, actuator 1913}, the
alignment member 1976 s advanced distally over the prosthetic valve as shown 1o the
progression of the alignment member 1976 m FIGS. 63-68. In FIG. 65, the distal end of the
alignment member 1976 is at a location A relative to the valve 1900; in FIG. 66, the distal

end of the alignment member 1976 is at a location B relative to the valve 1900, m FIG. 67,
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the distal end of the alignment momber 1976 1s at a location C relative to the valve 1900; and
in FIG. 68, the alignment member 1976 15 at a location D relative to the valve 1900, where D
is distal of €, € is distal of B and B is distal of A, As stated above, due to the tother 1936
being pinned or locked 1o the handie assembly 1911 and the tether 1900 being attached to the
valve 1800, as the alignment member 1976 moves distally, the valve 1900 remains in a fixed
position relative to the handle assembly 1911, As shown in FIG. 68, the alignment member
1976 can continue to advance distally over the micro-Vs of the connecting portion of the

valve 1904, partially collapsing the valve 1900

j0189] The valve posiioning device 1992 can then be used to move and position the
prosthetic valve 1960 within the anmulus of the heart. For example, the alignment member
1976 and the prosthetic valve 1900 can be moved together {eg., rotated, moved
distallv/proximally, moved posteriortv/anteriorly). The delivery sheath (not shown 1n FIGS.
64-68} used to deliver the prosthetic valve 1900 to the left atrivim of the heart, can also be
moved forward or further within the left atrium to help tilt the prosthetic valve 1900 toward
the anoulus, to for example, place the prosthetic valve 1900, the alignment member 1976 and
the annulus in a concentric position relative to cach other. With the prosthetic valve 1900,
the alignment member 1900 and the annalus in a concentric alignment, the valve positioning
device 1992 can be used to move and position the prosthetic valve 1900 with the annulus ma
siow and conirollable manncr. When the prosthetic valve 1904 s in the destred position and
orientation within the annulus, the tether 1936 can be wnlocked from the valve positioning
device 1992 and the alignment member 1976 of the valve positioning device 1992 can be

puiled out through the apex {or out through the procedural catheter).

[0619¢] FIGS. 69-74 illustrate an alternative method of delivering a prosthetic valve
within an annilus of a heart via a transfemoral delivery approach. As shown m FIG 69, a
procedural catheter 2022 19 inseried through an apical puncture {¢.g., a 5F apical puncture) m
a ventricular wall at the apex Ap of the heart H. A guide wire 2023 1s inserted through a
himen {not shown) of the procedural catheter 2022 and extended through the left ventricle
LV, through a nutral valve gap and wto the lefl atrium LA, A delivery sheath 2026 1
mtroduced through a femoral vein puncture and extended through the inferior vena cava, into
the right atriom, and then through a transseptal puncture of the septum Sp of the heart H, and
mto the loft atrom LA of the heart H. A snare device 2028 is movably disposed within the

delivery sheath 2026 and used to grab or snare a distal end portion of the gude wire 2023, as
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shown m FIG. 69, The snare device 2028 can be used to pull the guide wire 2023 through the
delivery sheath 2026 such that the distal end portion of the guide wire 2023 extends cuiside
the fornoral vein and a proximal end of the guide wire 2023 is disposed through the
ventricular wall at the apex Ap of the beart H, as shown m FIG. 70, Although not shown in
FIGH. 69 and 70, the procedural catheter 2022 15 disposed outside the padient’s body, the
distal end of the guide wire 2023 extends outside the fomoral vein and outside the patient’s
body, and the proximal end of the guide wire 2023 extends outside the apex Ap and outside
the patient’s body.  Although the above described snare process describes delivering the
guide wire 2023 {0 the feft atnum of the heart and then snaring the guide wire 2023 using the
snare device 2028, in aliernative emboduments, the guide wire 2023 can be debivered to the
left venincle LV and the snare device 2028 and delivery sheath 2026 can be mseried through
the mitral annuhes and to the left ventricle LV {0 grab or snare the guide wire 2023 as

described above.

{06191} After the guide wire 2023 has been oxiended between the apex Ap and the
access site to the fomoral vein, the delivery sheath 2026 can be removed. A leader tube 2024
is loaded over the guide wire 2023 starting outside the heart (and outside the procedural
catheter 2022} and exiting the fomoral vein at the femoral puncture site as shown i FIG. 7L
As shown in FIG. 71, the feader tube 2024 inchudes a balloon dilator member 2046 that is
mseried o a distal end of the delivery sheath 2026 and disposed partially over a distal end
portion of the prosthetic valve 2000. For example, the balloon dilator member 2046 can have
a collapsed or uninflated configuration (not shown} for delivery over the guide wire 2023 and
can then be wflated or otherwise moved to an expanded configuration as shown m FIG 71
Also shown in FIG. 71, a pusher 2038 1s disposed within the lumen of the delivery sheath
2026 and can be vsed to move or push the prosthetic valve into the left atrium LA, as
described in more detald below. With the leader tube 2024 disposed between the femoral
puncture site and the apex of the heart, the guide wire 2023 can be removed.  Although not
shown m FIGS. 71-73, the procedural catheter 2022 remams inserted mio the left venincle

LY of the heart as shown in FIGS. 69 and 70.

06192 The prosthetic valve 2000 can be configured the same as or similar to the
prosthetic valves described herein. The prosthetic valve 2000 (shown schematically within
the debivery sheath 2026 w FIG. 71} can be disposed in an averted configuration within the

delivery sheath 2026 1o reduce the overall outer perimeter of the prosthetic valve 2000, A

L
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tether 2036 15 coupled o a distal end portion of the prosthetic valve 2000 {sce FIGS. 73 and
743y, The tether 2036 can be threaded through the leader tube 2024 prior to the leader tube
2024 being disposed within the distal end of the delivery sheath 2026, For example, as
previously described, the tether 2036 can include a valve leader member (not shown) similar
to the valve leader member 234 described above {see, e.g., FIG. 26). The valve leader
member can have a tapercd distal end to aid in the msertion and maneuvering of the valve
leader member through the leader tube 2024 The valve fcader member can be attached at a
proximal end portion of the tether 2036, which s attached to the valve 2000, The tether 2036
can be formed, for example, as a braided rope or cord. The tether 2036 can be threaded
through the leader tube 2024 wih the valve leader member extended out the apex of the
proximal end of the leader tube 2024 outside the apex of the heart. Thus, the tether 2036
extends between the apex Ap and the femoral puncture site where 1t 15 coupled to the valve

pALSIE)

{80193} The delivery sheath 2026 can then be inserted through the fomoral punchure
site and moved through the femoral vein, through the moferior vena cava, wnto the right atoum,
and then through the septum Sp until a distal end portion of the delivery sheath 2026 (with
the valve 2000} is disposed within the left atrium LA as shown i FIG. 720 The dilator
balloon member 2046 can provide a smooth lead-in to assist in maneuvernng the distal end of
the delivery sheath 2026 through the fomoral vein and within the heart.  Although the
delivery sheath 2026 1s used to deliver both the snare device 2028 and the valve 2000, in
other embodiments, a different delivery sheath can be used to deliver the snare device 2028

than 1s used to deliver the valve 2060,

{6194 With the distal end of the delivery sheath 2026 within the left atriim LA the
feader tube 2024 can be removed through the apex Ap, leaving the tother 2036 oxiended

between the valve 2000 and outside the apex Ap of the heart {see¢ FIG. 73). For example, the
balloon dilator member 2046 can be moved back 1o a collapsed configuration for removal
through the procedural catheter 2022, The procedural catheter 2022 can then also be
removed. The pusher 2038 can be used to push or move the valve 2000 out the distal cod of
the delivery sheath 2026 and within the left atrium LA of the heart as shown in FIG. 730 As
the valve exits the distal end of the delivery sheath 2026 the valve 2600 can revert and return
to iis oviginal undeformed shape as described above, for exampie, for valve 200, For

example, the valve 2000 can be formed with a shape-memory material and can have a biased

L
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andeformed shape and can be mampelated and/or deformed {e.g., compressed andior
expanded} and, when released, retum {o its original undeformed shape. The valve can be, for
example, a valve constructed the same as or similar to, and function in the same or simular

manner as, the prosthetic heart valve 500, described above.

{66195] As shown n FIG. 73, the tether 2036 extends from the valve 2000 through the
apical puncture and outaide the patient’s body. As the delivery sheath 2026 1s advanced, the
tether 2036 can optionally be pulicd at the apex end to help move the delivery sheath 2026,
with the valve 2000 disposed therein, through the femoral vein, through the septal punchure
and into the left atmum LA, The valve 2000 can then be fully deploved within the left atrium
LA, as shown n FIG. 74, by using the pusher 2038 described above and/or by pulling the
apex end portion of the tether 2036 until the valve 2000 13 pulled out of the lumen of the

delivery sheath 2026 and disposed within the left atrivm LA

{00196 in some embodiments, the pusher 2038 can also be used to aid m positioning
the valve 2000 1 a desired radial onentation within the left atrium LA For example, the
pusher device 2038 can defing an internal lumen {pot shown} that can be placed over an inner
frame portion of the valve 2060 to hold the inner frame portion in a small diameter, which
can help enable the valve 2000 to be positioned in a desired radial onentation and be scated
within the annulus of the mitral valve. Further examples of such a valve assist device are

described above with reference to FIGS. 28-31.

80187} As shown in FIG. 74, as the valve 2000 18 deploved within the left atrivum LA,
the valve 2000 is allowed to asswme its biased expanded or deploved configuration. The
delivery sheath 2026 can then be removed from the patient and the valve 2000 can be
positioned and tensioned using the tether 2036 to obtain the desired or optimal location i the
native mitral annuhis and minimize pevtvalvalar leaks. An epicardial pad device 2039 (as
described above) can be used to secure the tether 2036 and valve 2000 i position within the
mitral annulus. In some embodiments, a positioning device (not shown} can be used to help
posiion the valve 2000 as previcusly deseribed.  In some embodiments, rather than securing
the prosthetic mitral valve with a tether and epicardial pad, the prosthetic mitral valve can be
secured with clips or other coupling methods to a portion{s} of the mural valve apparatus
and/or the ventricular wall of the heart. In some embodiments, a valve positioning device
{c.g., 1376, 1392, 1492, 1592 ¢tc.) as desenibed above, can be used to assist in posiioning

the valve 2000 within the mural annulus.
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{80198§] FIG. 75 15 a flowehart illostrating a method of delivening and deploying a
prosthetic mitral vaive within a heart using a transfemoral debivery approach. The method
mchudes at 2180, mserting a distal end portion of a procedural catheter through a puncture
gite at the apex of the heart, and posttioning the distal end within the left ventricle of heart.
At 2181, a gnde wire 13 nserted through procedural cathetor and a distal end of the gude
wire is moved into the loft atrium of the heart. At 2182, a distal end portion of the guide wire
1s captured with a snare and pulled through a delivery sheath and out the femoral vein as
described above with reference to FIGS. 69-74. At 2183 a leader tube 1s moved or run over
the guide wire from outside the apex, through the heart and out the fomoral vein puncture
site. At 2184, the guide wire can be romoved through the apex puncture site on the heart. At

21835, the nose cone of a balloon dilator member on the leader tube can be inflate

{80199] At 2186, the delivery sheath with a prosthetic valve disposed thercin in an
mverted configuration, along with the leader tube are moved through the femoral vein and
mnto the left atrium of the heart. At 2187, the leader tube can be removed through the apex
puncture site of the heart. At 2188, the prosthetic valve is deploved into the loft atnum of the
heart such that prosthetic valve reverts and assumes a biased oxpanded counfiguration. At
2189, the prosthetic valve is positioned withan the native mitral annulus, the procedural

catheter can be removed and an epicardial pad is secured to the apex of the heart.

{00204 While various embodiments have been described above, it should be
voderstood that they have beon prescoted by way of example onlv, and not Hrottation. Where
methods described sbove mdicate certain events occurring in certain order, the ordenng of
certain events may be modified.  Additionally, certain of the events may be performed
concurrenily 1o a parallel process when possible, as well as performed sequentially as

described above

{00201 ] Where schematics and/or embodiments described above indicate certain
components arranged i 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 vanious changes in form and details may be made.  Any portion of the
apparatus and/or methods described herein may be combined in any combination, except
mutually exclusive combinations. The embodiments described herem can mcelude various
combinations and/or sub-combinations of the functions, components, and/or features of the
different embodimends described.
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What is claimed is;

1. A method, comprising:

disposing a prosthetic heart valve including a plurality of struts at least partially
within a left atrium of a heart such that a tether coupled to the prosthetic heart valve extends
through the left ventricle and outside of the apex of the heart;

threading a proximal end of the tether through a lumen defined by an alignment
member, the alignment member including an engagement portion having a plurality of protrusions
and a plurality of recesses, each recess being disposed circumferentially about a distal end of the
alignment member between adjacent protrusions;

inserting the distal end of the alignment member into the left ventricle and moving
the alignment member along the tether, through the native mitral annulus and into the left atrium
of the heart;

capturing at least one of the plurality of struts of the prosthetic heart valve within a
respective one of the recesses of the engagement portion; and

moving the prosthetic heart valve to a desired position within a native mitral

annulus of the heart by collectively moving the alignment member and the prosthetic heart valve.

2. The method of claim 1, further comprising:
inserting an outer sheath through an opening in an apex region of the heart prior to
inserting the alignment member into the left ventricle, the alignment member being movably

disposed within a lumen defined by the outer sheath.

3. The method of claim 1, further comprising:
disengaging the alignment member from the prosthetic heart valve after moving the
prosthetic heart valve to a desired position within the native valve annulus; and

removing the alignment member from the heart.

4. The method of claim 1, further comprising:
capturing a second portion of the prosthetic heart valve within the lumen of the

alignment member prior to moving the prosthetic heart valve to a desired position, the capturing
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step comprising at least one of moving the alignment member distally relative to the prosthetic

heart valve or pulling the tether proximally through the lumen of the alignment member.

5. The method of claim 1, wherein the engagement portion of the alignment device is
expandable, and the step of capturing comprises:
moving the alignment member outside of an outer sheath such that the expandable
engagement portion moves from a collapsed configuration to an expanded configuration;
moving the expanded engagement portion over a first portion of the prosthetic heart
valve including at least one of the plurality of struts, and
moving the outer sheath distally to partially collapse the expandable engagement
portion such that the expandable engagement portion captures the at least one of the plurality of

struts.

6. The method of claim 1, wherein the moving step includes rotating the prosthetic

heart valve about a central axis of the prosthetic heart valve.

7. The method of claim 1, wherein the moving step includes laterally moving an

orientation of the prosthetic heart valve relative to the native mitral annulus.

8. An apparatus, comprising:

a handle assembly;

an elongate member defining a lumen and being operatively coupled to the handle
assembly such that the elongate member is proximally and distally moveable relative to the handle
assembly, the elongate member including a distal end having an engagement portion with a
plurality of protrusions and a plurality of recesses, each recess being disposed circumferentially
about the distal end of the alignment member between adjacent protrusions and configured to
capture a respective strut of a prosthetic heart valve during deployment of the prosthetic heart
valve within a heart when the elongate member is moved distally relative to the handle,

wherein the elongate member and the prosthetic valve are configured to collectively
move together when the engagement portion has captured the struts of the prosthetic heart valve

and the handle is manipulated.
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9. The apparatus of claim 8, further comprising an outer sheath defining a lumen, the
elongate member being movably disposed within the lumen of the outer sheath, the outer sheath
being operatively coupled to the handle assembly and configured to move proximally and distally
relative to the elongate member,

the engagement portion including an expandable mesh having a biased expanded
configuration such that when the engagement portion extends outside the lumen of the outer sheath
the engagement portion expands and defines an interior region configured to receive a portion of
the prosthetic valve including at least one strut,

the outer sheath configured to be moved distally relative to the elongate member
when the portion of the prosthetic valve is disposed within the interior region such that the outer

sheath at least partially collapses the prosthetic valve within the engagement portion.

10. The apparatus of claim 9, wherein the outer sheath comprises a flexible material

such that the outer sheath is flexible.

11. The apparatus of claim 8, further comprising:
an outer sheath defining a lumen, the elongate member being movably disposed
within the lumen of the outer sheath, the outer sheath being formed from a material such that the

outer sheath is flexible.

12. The apparatus of claim 8, wherein the handle assembly includes a tether locking

device configured to secure a tether extending from the prosthetic valve to the handle assembly.

13.  An apparatus, comprising:
a handle assembly including an actuator;
an elongate member operatively coupled to the handle assembly such that the
elongate member is proximally and distally moveable relative to the handle assembly by
manipulation of the actuator, the elongate member including a distal end having an engagement
portion with a plurality of protrusions and a plurality of recesses, each of the recesses being
disposed circumferentially about the distal end of the alignment member between adjacent

protrusions and configured to releasably capture a respective strut of a prosthetic heart valve during
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deployment of the prosthetic heart valve within a heart when the elongate member is moved
distally relative to the handle,

wherein the elongate member and the prosthetic valve are configured to collectively
move together when the engagement portion has captured the struts of the prosthetic valve and the

actuator of the handle is manipulated.

14. The apparatus of claim 13, further comprising:
an outer sheath defining a lumen, the elongate member being movably disposed
within the lumen of the outer sheath, the outer sheath comprising a flexible material such that the

outer sheath is flexible.

15. The apparatus of claim 13, wherein the handle assembly includes a tether locking

device configured to secure a tether extending from the prosthetic valve to the handle assembly.
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