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APICAL CONTROL OFTRANSVASCULAR DELIVERY 
OF PROSTHETIC MITRAL VALVE 

Cross-Reference to Related Applications 

[0001] This application claims priority to and the benefit ofU.S.Provisional Application 

Serial No. 62/264,562, entitled "Apical Control of Transvascular Delivery of Prosthetic 

Mitral Valve," tiled December 8, 2015, and U.S. Provisional Patent Application Serial No.  

62/171,329. entitled "Stopper Tube Apparatus and Methods for Delivery of Prosthetic Mitral 

Valve," filed June 5, 2015, each of the disclosures of which are incorporated herein by 

reference in its entirety.  

100021 This application is also related to U.S. Provisional Patent Application Serial No.  

61/935,899, entitled "Transfemoral Delivery of Prosthetic Mitral Valve," filed February 5, 

2014, U.S. Provisional Patent Application No. 62/100,548, entitled "Apparatus and Methods 

for Transfemoral Delivery of Prosthetic Mitral Valve," filed January 7, 2015, and 

International Patent Application No. PCT/US2015/014572, entitled "Apparatus and Methods 

for Transfemoral Delivery of Prosthetic Mitral Valve," filed February 5, 2015, and 

International Patent Application No. PCT/US2016/012305, entitled "Prosthetic Mitral Valves 

and Apparatus and Methods for Delivery of Same," filed January 6, 2016, each of the 

disclosures of which is incorporated herein by reference in its entirety.  

Background 

100031 Embodiments are described herein that relate to devices and methods for use in the 

delivery and deployment of prosthetic valves, and particularly to devices and methods for 

delivering expandable prosthetic mitral valves.  

[0004] Prosthetic heart valves can pose particular challenges for delivery and deployment 

within a heart Valvular heart disease, and specifically, aortic and mitral valve disease is a 

significant heath issue in the United States (US); annually approximately 90,000 valve 

replacements are conducted in the US. Traditional valve replacement surgery involving the 

orthotopic replacement of a heart valve considered an "open heart" surgical procedure.  

Briefly, the procedure necessitates surgical opening of the thorax, the initiation of extra

corporeal circulation with a heart-lung machine, stopping and opening the heart, excision and 

replacement of the diseased valve, and re-starting of the heart. While valve replacement 
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surgery typically carries a 1-4%m mortality risk in otherwise healthy persons, a significantly 

higher morbidity is associated to the procedure largely due to the necessity for extra

corporeal circulation. Further, open heart surgery is often poorly tolerated in elderly patients.  

Thus elimination of the extra-corporeal component of the procedure could result in reductio 

inm orbidities and cost of valve replacement therapies could be significantly reduced.  

[0005] While replacement of the aortic valve in a transcatheter manner is the subject of 

intense investigation, lesser attention has been focused on the mitral valve. Thisis in part 

reflective of the greater level of complexity associated to the native mitral valve apparatus, 

and thus, a greater level of difficulty with regards to inserting and anchoring the replacement 

prosthesis. A need exists for delivery devices and methods for transcatheter mitral valve 

replacements.  

Summary 

[0006] Apparatus and methods are described herein for use in the delivery and deployment 

of a prosthetic mitral valve. As described herein, in some embodiments, after a prosthetic 

valve has been at least partially delivered from a delivery sheath into the left atium 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 an alignment 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 

include a tether that can be inserted or threaded through the algnment member such that the 

alignment member can be moved along the tether into engagement vith the prosthetic valve.  

Brief Description of the Figures 

[0007] FIGS. 1-6 are each a cross-sectional illustration of a heart with devices used during 

various stages in a procedure to transfenorally deliver and deploy a prosthetic mitral valve.  

[0008] FIGS. 7-9 are front, bottom, and top views of a prosthetic heart valve according to an 

embodiment.  

[0009] FIG. 10 is an opened and flattened view of the inner frame of the prosthetic heart 

valve of FIGS. 7-9, in an unexpanded configuration.  
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[0010] FIGS. 11 and 12 are side and bottom views, respectively, of the inner frame of FIG.  

10 in an expanded configuration.  

100111 FIG. 13 is an opened and flattened view of the outer frame of the valve of FIGS. 7-9, 

in an unexpanded configuration.  

100121 FIGS. 14 and 15 are side and top views, respectively, of the outer frame of FIG. 13 in 

an expanded configuration.  

100131 FIGS. 16-18 are side, front, and top views of an assembly of the inner frame of FIGS.  

10-12 and the outer frame of FIGS. 13-15.  

[0014] FIG. 19 is a side perspective view of the assembly of the inner frame of FIGS. 10-12 

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

[00151 FIG. 20 is a side perspective view of the assembly of FIG. 19 with the outer frame 

shown inverted.  

[00161 FIG. 21 is side view of the assembly of FIG. 20 shown in a collapsed configuration 

within a lunen of a delivery sheath.  

[0017 FIG. 22 is a side view of the assembly of FIG. 21 shown in a first partially deployed 

configurationi.  

100181 FIG. 23 is a side view of the assembly of FIG. 21 shown in a second partially 

deployed configuration.  

100191 FIG. 24 is a side view of the assembly of FIG. 21 shown in a third partially deployed 

configuration in which the inverted outer frame is substantially deployed outside of the 

delivery sheath.  

[00201 FIG. 25 is a side viewof the assembly of FIG. 21 shown in a fourth partially deployed 

configuration in which the outer frame has reverted and assumed a biased expanded 

configuration.  

100211 FIG. 26 is a side view illustrating a portion of a tether coupled to a portion of a valve 

leader member, according to an embodiment.
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[0022] FIG. 27 is a side view of a prosthetic mitral valve in a collapsed configuration within 

a lumen of a portion of a delivery sheath and a balloon dilator device coupled to the delivery 

sheath 

[00231 FIG. 28 is a cross-sectional illustration of a heart with the delivery sheath and balloon 

dilator device of FIG. 27 at a stage of a procedure to deliver and deploy the prosthetic mitral 

valve disposed within the delivery sheath.  

[0024] FIG. 29 is a cross-sectional illustration of a heart with a portion of a delivery sheath 

shovn after deploying a prosthetic mitral valve with the assistance of a wire assist structure, 

according to an embodiment.  

100251 FIG. 30 is a perspective view of the wire assist structure of FIG. 29 coupled to a 

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

100261 FIG. 3I is a perspective view of an assist member coupled to a portion of a prosthetic 

mttral valve, according toanembodiment.  

[0027] FIG. 32 is a flowchart illustrating a method of delivering a prosthetic mitral valve via 

a femoral vein, according to an embodiment.  

[00281 FIG. 33 is a side view of a portion of an epicardial pad device, according to an 

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

[00291 FIG. 34 is aside perspective view of the epicardial pad device of FIG. 33 shown in an 

expanded configuration.  

[00301 FIG. 35 is a side perspective view of a portion of a heartillustrating purse-string 

sutures at an apex of the heart prior to securing an epicardial pad device thereto.  

100311 FIG. 36 is a side perspective view of the epicardial pad device of FIG. 33 shown in 

the expanded configuration.  

100321 FIG. 37 is a bottom perspective view of a portion of a heart illustrating withthe 

epicardial pad device of FIG. 33 secured thereto.  

100331 FIG. 38 is an enlarged side perspective view and FIG. 39 is an enlarged bottom view 

of a portion A in FIG. 37 illustrating an integrated locking mechanism.  
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[0034] FIG. 40 is a side view of an epicardial pad device, according to another embodiment, 

and shown in a collapsed configuration.  

100351 FIG. 41 is a side perspective view of the epicardial pad device of FIG. 40 shown in an 

expanded configuration.  

[0036] FIG. 42 is a side view of the epicardial device of FIG. 40 shown in the expanded 

configuration and being deployed near an apex of a heart.  

100371 FIG. 43 is a side view of an epicardial pad device, according to another embodiment, 

and shown inan expanded configuration being deployed near heart.  

[0038] FIG. 44 is a side view of the epicardial pad device of FIG, 43 shown in a collapsed 

configuration and deployed on the apex of the heart.  

[00391 FIGS. 45 and 46 are each a side view of an epicardial pad device, according to 

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

[00401 FIG. 47 is a bottom view of a heart with the epicardial pad of FIGS. 45 and 46 

secured to the apex of the heart.  

[00411 FIGS. 48-5IA are each a cross-sectional illustration of a heart with a delivery sheath 

and stopper tube shown at various stages of a procedure to deliver and deploy a prosthetic 

mitral valve.  

100421 FIG. 51B is a cross-sectional illustration of a heart with the delivery sheath and 

stopper tube of FIGS, 48-5IA being used with a procedural catheter.  

[00431 FIG. 52A is a cross-sectional illustration of a heart with a delivery sheath and valve 

positioning device shown during a procedure to deliver and deploy a prosthetic mitral valve.  

[00441 FIG. 5213 is cross-sectional illustration of a heart with a delivery sheath and valve 

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

being used with a procedural catheter.  

100451 FIG. 53 is a schematic illustration of a side view of a prosthetic valve positioning 

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

5



WO 2016/196933 PCT/US2016/035719 

[0046] FIG. 54 is a schematic illustration of a side view of the prosthetic valve positioning 

device of FIG. 53, shown in a second position.  

10047] FIG. 55 is a schematic illustration of a side view of a prosthetic valve positioning 

device, according to an embodiment, shown in a first position 

100481 FIG. 56 is a schematic illustration of a side view of the prosthetic valve positioning 

device of FIG. 55, shown in a second position.  

100491 FIG. 57 is a schematic illustration of a side view of a prosthetic valve positioning 

device, according to an embodiment, shown in a first position 

[0050] FIG. 58 is a schematic illustration of a side view of the prosthetic valve positioning 

device of FIG. 57, shown in a second position.  

[00511 FIG. 59 is a schematic illustration of a side view of the prosthetic valve positioning 

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

[0052] FIG. 60 is a cross-secional illustration of a heart with a delivery sheath and valve 

positioning device according to another embodiment, shown during a procedure to deliver 

and deploy a prosthetic mitral valve.  

10053] FIG. 61 is a schematic illustration of a side view of a prosthetic valve positioning 

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

100541 FIG. 62 is a schematic illustration of a side view of the prosthetic valve positioning 

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

[00551 FIG. 63 is a perspective view of an alignment member of the prosthetic valve 

positioning device of FIG. 61, shown in a deployed configuration.  

[00561 FIG. 64 is side view of a prosthetic valve and a valve positioning device, according to 

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

[00571 FIGS. 65-68 are each 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 position, and a fifth 

position, respectively.  
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[0058] FIGS. 69-74 are each a cross-sectional illustration of a heart with devices used during 

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

100591 FIG. 75 is a flowchart illustrating a method of delivering and deploying a prosthetic 

mitral valve within a heart.  

Detailed Description 

100601 Apparatus and methods are described herein for use in the delivery and deployment of 

a prosthetic mitral valve into a heart. As described herein, in some embodiments, after a 

prosthetic valve 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 an 

alignment member configured to engage with a prosthetic valve such that the alignment 

member can control the distal, prominal, 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. In some embodiments, 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 

includes engagement portions having particular shapes to increase the secure engagement 

between the valve positioning device and the prosthetic valve. In some embodiments, the 

alignment inember is configured to inaintain controlled engagement with the prosthetic valve 

even in the absence of a taut tether.  

100611 The valve positioning devices described herein can assist in radially realigning a 

prosthetic valve or other implant while maintaining a low device profile. In some 

embodiments, the portion of the valve positioning device inserted into the heart can have a 

diameter or puncture size of, for example, 4 to 8 F. In some embodiments, the valve 

positioning devices described herein can provide radial torque to align a prosthetic valve.  

Additionally, the valve positioning devices can move the prosthetic valve atrially or retract 

the prosthetic valve ventricularly. In some embodiments, the valve positioning devices can 

partially collapse the prosthetic valve to allow a portion of the implant to be moved 

ventricularly and deployed below the mitral annulus. The valve positioning devices can be 

inserted percutaneously through the apex of the heart using a tether as a rail. The valve 
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positioning devices can then be used to partially collapse a prosthetic valve, move it towards 

the left atrium or left ventricle, radially reorient it, and/or nove it into the annulus and allow 

it to redeploy in the correct orientation.  

[00621 In some embodiments, the valve positioning devices described herein include an 

expandable Nitinol" braid used to partially recapture the prosthetic valve. In other 

embodiments. the valve positioning devices include a gooseneck snare used to partially 

collapse the prosthetic valve. In some embodiments, the valve positioning device is a 

multiple profile device with a moveable support to keep the smallest profile of the valve 

positioning device in the ventricle of the heart. In some embodiments, the valve positioning 

device is a multiple profile device that can provide the greatest amount of torque 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 otherwords, 

although a smaller diameter portion of the device is needed to be inserted into the heart, the 

device can include a larger profile portion of the device that extends outside of the heart that 

canprovide strength to the device and improve torqueability. In other embodiments, the 

valve positioning device can slightly dimple or compress the apex of the heart to father 

increase the amount of torque applied to the prosthetic valve and minimize the portion of the 

low profile portion of the device that extends outside of the apex. Further details of specific 

embodiments of a valve positioning device are described below with reference to FIGS, 48

63.  

[0063] As described herein, in some embodiments, a method includes inverting an outer 

frame of a prosthetic mitral valve when in a biased expanded configuration. The prosthetic 

mitral valve is formed with a shape-memory material. After inverting the outer frame, the 

prosthetic mitral valve is inserted into a lumen of a delivery sheath such that the mitral valve 

is moved to a collapsed configuration. The delivery sheath is inserted into a femoral vein of a 

patient and moved through the feoral vein and a septum of a heart of the patient until a 

distal end portion of the delivery sheath is disposed in the left atrium of the heart. The 

prosthetic mitral valve is moved distally out of the delivery sheath such that the inverted 

outer frame reverts and the prosthetic mitral valve assumes its biased expanded configuration.  

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

[0064] In some embodiments, a method include 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 
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extends through the left ventricle and outside of the apex of the heart. A proximal end of the 

tether is threaded through a lunen defined by an alignment member. While moving along the 

tether, a distal end portion of the alignment member is inserted into the left ventricle, through 

the native mitral annulus and into the left atrium of the heart. A first portion of the prosthetic 

heart valve is 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 mitral annulus of the heart by collectively moving 

the alignment member and the prosthetic heart valve. For example, in some embodiments, 

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

heart includes 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 

nitral annulus.  

[0065] In some embodiments, an apparatus includes a handle assembly and an elongate 

member that defines a lumen and is operatively coupled to the handle assembly. The handle 

assembly includes an actuator configured to move the elongate member proximally and 

distally relative to the handle assembly. The elongate member includes an engagement 

portion configured to engage a portion of a prosthetic valve during deployment of the 

prosthetic valve within a heart when the elongate member is moved distally relative to the 

handle. The engagement portion is configured to move the portion of the prosthetic valve to 

at least a partially collapsed configuration when engaged with the prosthetic valve. The 

elongate member and the prosthetic valve are configured to collectively move together when 

thefirst engagement feature is engaged with the second engagement feature such that the 

prosthetic valve can be moved by manipulation of the handle.  

[00661 In some embodiments, an apparatus includes a handle assembly and an elongate 

member that defines a lumen and is operatively coupled to the handle assembly. The handle 

assembly includes an actuator configured to move the elongate member proximally and 

distally relative to the handle assembly. The elongate member 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 elongate member is moved distally relative to the handle. The elongate member and the 

prosthetic valve are configured to collectively move together when the first engagement 
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feature is engaged with the second engagement feature such that the prosthetic valve can be 

moved by manipulation of the handle.  

10067] Although the embodiments described herein are described in reference to a 

transfemoral delivery approach, the devices described herein can be used to deliver a 

prosthetic heart valve to a heart using any suitable delivery approach. For example, the 

prosthetic valves described herein can be delivered using a transfernoral delivery approach as 

described, for example, in International Application No. PCT/US15/14572 (the 572 PCT 

application) and International Application No. PCT/US16/12305 (the -305 PCT application) 

incorporated by reference above, or via a transatrial approach, such as described in U.S 

Provisional Patent Application Serial No. 62/220,704, entitled "Apparatus and Methods for 

Transatrial Delivery of Prosthetic Mitral Valve," filed September 18, 2015 (the 2704 

application"), which is incorporated herein by reference in its entirety, In such a case, the 

inverted valve would enter the heart through the atrium similarly to the transfemoral delivery 

approach. The valve positioning devices described herein can be used to position the 

inverted valve once it is at least partially deployed in the left atrium. In another example, an 

inverted valve as described herein could be delivered via a transjugular approach, via the 

right atrium and through the atrial septum, such as described in US. Provisional Patent 

Application Serial No. 62/305,678, entitled "Apparatus and Methods for Delivery of 

Prosthetic Mitral Valve," filed March 9, 2106 (the '678 application"), the disclosure of which 

is incorporated herein by reference in its entirety. In such a case. the valve positioning 

devices described herein can be used similarly to position the inverted valve after the valve 

has been at least partially deployed in the left atrium. The prosthetic valves described herein 

can also be delivered apically if desired.  

[00681 FIGS. 1-6 illustrate a method of delivering a prosthetic mitral valve 200 (shown in 

FIGS. 3-6) to a left atrium LA of a heart - via introduction through a femoral vein. As 

shown in FIG. 1, a procedural catheter 222 is inserted through an apical puncture (e.g., a 5F 

apical puncture) in a ventricular wall at the apex Ap of the heart H. A leader tube 224 is 

inserted through a lumen (not shown) of the procedural catheter 222 and extended through 

the left ventricle LV, through a mitral valve gap and into the left atrium LA. A delivery 

sheath 226 is introduced through a femoral vein puncture and extended through the inferior 

vena cava, into the right atrium, and then through a transseptal puncture of the septum Sp of 

the heart 1, and into the left atrium LA of the heart H. A snare device 228 is movably 
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disposed within the delivery sheath 226 and used 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 leader tube 

224 through the delivery sheath 226 such that the distal end portion of the leader tube 224 

extends outside the femoral vein and a proximal end of the leader tube 224 is disposed 

through the ventricular wall at the apex Ap of the heart -, as shown in FIG. 2. The leader 

tube 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 in FIGS. I and 2, the 

procedural catheter 224 is disposed outside the patient's body, the distal end of the leader 

tube 224 extends outside the femoral vein and outside the patient's bod, 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 to the 

left atrium of the heart and then snarin the leader tube 224 using the snare device 228, in 

alternative embodiments, the leader tube 224 can be delivered to the left ventricle LV and the 

snare device 228 and delivery sheath 226 can be inserted through the mitral annulus and into 

the left ventricle LV to grab or snare the leader tube 224 as described above.  

[0069] After the leader tube 224 has been extended between the apex Ap and the access site 

to the fenoral vein, a valve leader member 234 attached to the prosthetic nitral valve 200 

(also referred to as "valve") can be inserted into the leader tube 224 at the femoral end of the 

leader tube 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 is inserted and extended outside the apex Ap. the leader tube 224 can be removed from 

the patient. For example, the leader tube 224 can be pulled out through the apex puncture 

site, or through the femoral vein puncture site. Thus, only the valve leader member 234 

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

[0070] The valve leader member 234 can have a tapered distal end 235 to aid in the insertion 

and maneuvering of the valve leader member 234 through the leader tube 224. The valve 

leader member 234 is attached at a proximal end portion 237 to a tether line 236 (also 

referred to herein as "tether"), which is attached to the valve 200. FIG. 26 illustrates an 

enlarged view of the attachment of the proximal end portion 237 to tether 236. The tether 

236 can be fonned, for example, as a braided rope or cord as shonfor example, in FIG. 26.  

[0071] As shown in FIG. 3, the valve 200 is partially disposedwithin a lumen of the delivery 

sheath 226. Although the delivery sheath 226 is used to deliver both the snare device 228 and 
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the valve 200, in other embodiments, a different delivery sheath can be used to deliver the 

snare device 228 than is used to deliver the valve 200. As shownin FIG. 3, prior to inserting 

the valve leader member 234 into the leader tube 224, the procedural catheter 222 can be 

removed. Alternatively, the procedural catheter 222 can be removed after insertingthe valve 

leader member 234.  

[0072] Also as shown in FIG. 3, in this embodiment, a portion of the valve 200 is allowed to 

partially deploy outside a distal end of the delivery sheath 226. The partially deployed 

portion of the valve 200 can be used as a lead-in to the delivery sheath 226 as the valve 200is 

inserted through femoral vein, For example, the valve 200 can be formed with a shape

nenory material (as described in more detail below) and can have a biased undeformed 

shape and can be manipulated and/or deforned (e.g., compressed and/or expanded) and, 

when released, return to itsoriginal undeformed shape. In some embodiments, the valve 200 

can have a biased expanded or undeformed configuration when deployed within a heart, and 

can be moved to a collapsed or deformed configuration when placed within the lumen of the 

delivery sheath 226 for delivery through the femoral vein, The valve can be, for example, a 

valve constructed the same as or similar to, and function in the same or similar manner as, the 

prosthetic heart valve 500, described in detail below.  

[0073] After the valve leader member 234 has been placed in position between the femoral 

puncture site and the apical puncture site, as described above, the delivery sheath 226 with 

the valve 200 can be inserted through the femoral puncture site and moved through the 

femoral vein, through the inferior vena cava, into the right atrium, and then through the 

septum Sp until a distal end portion of the delivery sheath 226 (with the valve 200) is 

disposed within the left atrium LA, as shown in FIG. 4. As 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 is 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 

vein, through the septal puncture and into the leftatrium LA. The valve 200 can then be fully 

deployed within the left atrium LA (see, e.g., FIG 5) by pulling the apex end portion of the 

tether 236 until the valve 200 is pulled out of the lumen of the delivery sheath 226 and 

disposed within the left atrium LA. Alternatively, pusher device 238 (see e.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 yet other embodiments, the pusher device 238 can be used 
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push the valve 200 while the tether 236 is pulled. In other words, the valve 200 can be 

deployed by pushing the valve 200 with the pusher device 238, by pulling the valve 200 with 

the tether 236,or both. The pusher 238 can also be used to aid in positioning the valve 200 in 

a desired radial orientation within the left atrium LA. For example, the pusher device 238 

can define an internal lumen (not shown) that can be placed over an inner fraie portion of 

the valve 200 to hold the inner frame portion in a small diameter, which can help enable the 

valve 200 to be positioned in a desired radial orientation and be seated within the annulus of 

the mitral valve. Further examples of such a valve assist device are described below with 

reference to FIGS. 29-31.  

100741 As shown in FIGS. 5 and 6, as the valve 200 is deployed within the left atrium LA, 

the valve 200 is allowed to assume its biased expanded or deployed configuration. The 

delivery sheath 226 can then be removed from the patient and the valve 200 can be positioned 

and tensioned using the tether 236 to obtain the desired or optimal location in the native 

mitral annulus and minimize perivalvular leaks. An epicardial pad device 239 can be used to 

secure the tether 236 and valve 200 in position within the mitral annulus as shown in FIG, 6, 

For example, an epicardial pad device as described in International Patent Application No.  

PCI/US14/49218 ("the -218 PCT application"), the disclosure of which is incorporated 

herein by reference in its entirety, can be used. In sonic embodiments, an expandable 

epicardial pad can be used to secure the tether and valve in posiiton. Examples embodiments 

of expandable pads that can be used are described herein with reference to FIGS. 33-47.  

Such a pad can be smaller in size such that the pad can be delivered to the heart via a small 

incision 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 in the 218 PCT application incorporated by 

reference above, or devices described in International Patent Application No.  

PCT/US14/61046, the disclosure of which is incorporated herein by refence in its entirety, 

can be used. In some embodiments, rather than securing the prosthetic mitral valve with a 

tether and epicardial pad, the prosthetic mitral valve can be secured vith clips or other 

coupling methods to a portion(s) of the mitral valve apparatus and/or the ventricular wall of 

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

Application No. PCT/1US14/58826 ("the '826 PCT application"), the disclosure of which is 

incorporated herein by reference in its cntiretv.  
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[00751 FIGS. 7-9 illustrate an embodiment of a prosthetic heart valve that can be delivered 

and deployed within a left atrium of a heart using a transfemoral delivery approach as 

described above. FIGS. 7-9 are front, bottom, and top views, respectively, of a prosthetic 

heart valve 500 according to an embodiment. Prosthetic heart valve 500 (also referred to 

herein as "valve") is designed to replace a damaged or diseased native heart valve such as a 

nitral valve. Valve 500 includes an outer frame assembly 510 and an inner valve assembly 

540 coupled to the outer frame assembly 50 

[0076] As shown, outer frame assembly 510 includes an outer frame 520, covered on all or a 

portion of its outer face with an outer covering 530, and covered on all or a portion of its 

inner face by an inner covering 532. Outer frame 520 can provide several functions for 

prosthetic heart valve 500, including serving as the primary structure, as an anchoring 

mechanism and/or an attachment point for a separate anchoring mechanism to anchor the 

valve to the native heart valve apparatus, a support to carry inner valve assembly 540, and/or 

a seal to inhibit paravalvular leakage between prosthetic heart valve 500 and the native heart 

valve apparatus, 

10077] Outer frame 520 is configured to be manipulated and/or deformed (e.g., compressed 

and/or expanded) and. when released, return to its original (undefonned) shape. To achieve 

this, outer frame 520 can be formed of materials, such as metals or plastics, that have shape 

memory properties. With regards to metals, Nitinol* has been found to be especially useful 

since it can be processed to be austenitic, martensitic or superelastic. Other shape memory 

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

[00781 As best shown in FIG. 7, outer frame assembly 510 has an upper end (e.g.,at the 

atrium portion 516), a lower end (e g., at the ventricle portion 512), and a medial portion 

(e.g., at the annulus portion 514) therebetween. The medial portion of the outer frame 

assembly 510 has a perimeter that's configured (e.g., sized, shaped) to fit intoan annulus of a 

native atrioventricular valve. The upper end of the outer frame assembly 510 has a perimeter 

that is larger than the perimeter of the medial portion. In some embodiments, the perimeter 

of the upper end of the outer frame assembly 510 has a perimeter that is substantially larger 

than the perimeter of the medial portion, As shown best in FIG. 9, the upper end and the 

medial portion of the outer frame assembly 510 has a D-shaped cross-section. In this 

manner, the outer frame assembly 510 promotes a suitable fit into the annulus of the native 

atrioventricular valve.  
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[0079 Inner valve assembly 540 includes an inner frame 550, an outer covering 560, and 

leaflets 570. As shown, the inner valve assembly 540 includes an upper portion having a 

periphery formed with multiple arches. The inner frame 550 includes six axial posts or frame 

members that support outer covering 560 and leaflets 570. Leaflets 570 are attached along 

three of the posts, shown as commissure posts 552 (best illustrated in FIG. 8), and outer 

covering 560 is attached to the other three posts, 554 (best illustrated in FIG. 8), and 

optionally to cominssure posts 552. Each of outer covering 560 and leaflets 570 are formed 

of approximately rectangular sheets of material, which are joined together at their upper, or 

atriurn end. 'The lower, ventricle end of outer covering 560 may be joined to inner covering 

532 of outer frame assembly 510, and the lower, ventricle end of leaflets 570 may form free 

edges 575, though coupled to the lower ends of commissure posts 552.  

[00801 Although inner valve assembly 540 is shown as having three leaflets, in other 

embodiments, an inner valve assembly can include any suitable number of leaflets. The 

leaflets 570 are movable between an open configuration and a closed configuration in which 

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

[0081] Outer covering 530 of the outer frame assembly 510 and inner covering 532 of outer 

frame assembly 510, outer covering 560 of the inner valve assembly 540 and leaflets 570 of 

the inner valve assembly 540 may be formed of any suitable material, or combination of 

materials, such as those discussed above. In this embodiment, the inner covering 532 of the 

outer frame assembly 510, the outer covering 560 of the inner valve assembly 540, and the 

leaflets 570 of the inner valve assembly 540 are formed, at least in part, of porcine 

pericardium. Moreover, in this embodiment, the outer covering 530 of the outer frame 

assembly 510 is formed, at least in part, of polyester.  

[0082] Inner frame 550 is shown in more detail in FIGS. 10-12. Specifically, FIGS. 10-12 

show inner frame 550 in an undeformed, initial state (FIG. 10), a side view of the inner frame 

550 in a deployed configuration (FIG. 11), and a bottom view of the inner frame 550 in a 

deployed configuration (FIG. 12), respectively, according to an embodiment.  

[0083] In this embodiment, inner frane 550 is formed from a laser-cut tube of Nitinol*.  

Inner frame 550 is illustrated in FIG. 10 in an undeformed, initial state, i.e. as laser-cut, but 

cut and unrolled into a flat sheet for ease of illustration. Inner frame 550 can be divided into 

four portions, corresponding to functionally different portions of the inner frame 550 in final 
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form: atrial portion 541 body portion 542, strut portion 543, and tether clamp or connecting 

portion 544. Strut portion 543 includes six struts, such as strut 543A, which connect body 

portion 542 to tether clamp portion 544.  

[00841 Connecting portion 544 includes longitudinal extensions of the struts, connected 

circumferentially by pairs of opposed, slightly V-shaped connecting members (or "micro

Vs"). Connecting portion 544 is configured to be radially collapsed by application of a 

compressive force, which causes the micro-Vs to become more deeply V-shaped, with the 

vertices moving closer together longitudinally and the open ends of the V shapes moving 

closer together circumferentially. Thus, connecting portion 544 can be configured to 

compressively clamp or grip one end of a tether, either connecting directly onto a tether line 

(e.g. braided filament line) or onto an intermediate structure, such as a polymer or metal piece 

that is in turn fimily fixed to the tether line.  

[0085] In contrast to connecting portion 544, atrial portion 541 and body portion 542 are 

configured to be expanded radially. Strut portion 543 forms a longitudinal connection, and 

radial transition, between the expanded body portion and the compressed connecting portion 

544.  

[0086] Body portion 542 includes six longitudinal posts, such as post 542A. The posts can 

be used to attach leaflets 570 to inner frame 540, and/or can be used to attach inner assembly 

540 to outer assembly 510, such as by connecting inner frame 550 to outer frame 520. Inthe 

illustrated embodiment, the posts include openings through which connecting members (such 

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

100871 Inner frame 550 is shown in a fully deformed, i.e. the final, deployed configuration, in 

sideview and bottom view in FIGS. Ii and 1.2 respectively.  

100881 Outer frame 520 of valve 500 is shown in more detail in FIGS. 13-15. In this 

embodiment, outer frame 520 is also formed from a laser-cut tube of Nitinoi. Outer frame 

520 is illustrated in FIG. 13 in an undeformed, initial state, i.e. as laser-cut, but cut and 

unrolled into a flat sheet for ease of illustration. Outer 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 571A, by which outer 

frame 520 can be coupled to inner fame 550, as discussed in more detail below.  
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[0089] Outer frame 520 is shown in a fully deformed, i.e. the final, deployed configuration, 

in side view and top iew in FIGS. 14 and 15, respectivel. As best seen in FIG. 15, the 

lower end of coupling portion 571 firms a roughly circular opening (identified by "O" in 

FIG. 15). The diameter of this opening preferably corresponds approximately to the diameter 

of body portion 542 of inner frame 550. to facilitate coupling of the two components of valve 

500.  

100901 Outer frame 520 and inner frame 550 are shown coupled together in FIGS. 16-18, in 

front, side, and top views, respectively. 'The two frames collectively forn a structural support 

for a prosthetic valve such as valve 500. The frames support the valve leaflet structure (e.g.  

leaflets 570) in the desired relationship to the native valve annulus, support the coverings 

(e.g.,outer covering 530, inner covering 532, outer covering 560) for the two frames to 

provide a barrier to blood leakage between the atrium and ventricle, and couple to the tether 

(e.g., tether assembly 590) (by the inner frame 550) to aid in holding the prosthetic valve in 

place in the native valve annulus by the tether connection to the ventricle wall. The outer 

frame 520 and the inner frame 550 are connected at six coupling points (representative points 

are identified as "C"). In this embodiment, the coupling points are implemented with a 

mechanical fastener, such as a short length of wire,passed through an aperture (such as 

aperture 571A) in coupling portion 571 of outer frame 520 and corresponding openings in 

longitudinal posts (such as post 542A) in body portion 542 of inner frame 550. Inner frame 

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

[0091] FIGS. 19-25 illustrate a method of reconfiguring a prosthetic heart valve 300(e.g.  

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

326 (see, e.g., FIGS. 21-25) for delivery into the heart via the femoral vein. The prosthetic 

heart valve 300 (also referred to herein as "valve") can be constructed the same as or similar 

to, and function the same as or similar to the valve 500 described above. Thus, some details 

regarding the valve 300 are not described below. It should be understood that for features 

and functions not specifically discussed, those features and functions can be the same as or 

similar to the valve 500.  

[00921 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 350 of 

valve 300 can each be forced ith a shape-nieniory material 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 undeployed configuration for delivery of the valve 300 to the heart. In this 

example method of preparing the valve 300 for delivery to the heart, the outer frame 320 of 

the valve 300 is first disposed in a prolapsed or inverted configuration as shown in FIG. 20 

Specifically, the elastic or superelastic structure of outer frame 320 of valve 300 allows the 

outer frane 320 to be disposed in the prolapsed or inverted configuration prior to the valve 

300 being inserted into the lumen of the delivery sheath 326. As shown in FIG. 20, to 

dispose the outer frame 320 in the inverted configuration. the outer frame 320 is folded or 

inverted distally such that the outer frame 320 is pointed away from the inner frame 350. In 

this inverted configuration, the overall outer perimeter or outer diameter of the valve 300 is 

reduced and the overall length is increased. For example, the diameter DI shown in FIG. 19 

is greater than the diameter D2 shown in FIG. 20, and the length LI in FIG. 16 is less than 

the length L2 in FIG. 20. With the outer frame 320 in the inverted configuration, the valve 

300 can be placed within a lunien 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 

inverted configuration, the valve 300 can be collapsed into a smaller overall diameter, i.e.  

placed in a smaller diameter delivery sheath, than would be possible if the valve 300 in the 

configuration shown in FIG. 19 were collapsed. radially. This is because in the configuration 

shown in 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 coaxial but not concentric, such that the outer frame 320 can be collapsed without 

needing to accommodate the inner frame 350 inside it.  

[0093] The procedure to deliver the valve300 to the heart can be the same as or similar to the 

procedure described with reference to FIGS. 1-6, In this embodiment, the valve 300 is not 

partially deployed outside of the lumen of the delivery sheath 326 prior to being inserted into 

a fenoral puncture, through the fenoral vein, through the inferior vena cava, into the right 

atrium, through the septum Sp and into the left atrium LA of the heart. With the distal end 

portion of the delivery sheath 326 disposed within the left atrium of the heart, the valve 300 

can be deployed outside of the delivery sheath 326. For example, although not shown, a 

tether such as tether 236 described above for valve 200 can be attached to the valve 300 and 

used to pull the valve 300 out of the lumen of the delivery sheath 326. Alternatively, 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 deployed by pushing with the pusher 

device, pulling with the tether, or both.  
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[0094] As the valve 300 exits the lumen of the delivery sheath 326, the outer frame assembly 

310 exits first in its inverted configuration asshown in the progression of FIGS. 22-24. After 

the outer frame assembly 310 is fully outside of the lumen of the delivery sheath 326, the 

outer frame 320 can revert to its expanded or deployed configuration as shown in FIG. 25. In 

some embodiments, the pusher device and/or the tether can be used to aid in the reversion of 

the outer frame asseniblv 310. The valve 300 can continue to be deployed until the inner 

frame 350 is fully deployed with the left atrium and the valve 300 is in the expanded or 

deployed configuration (as shown in FGI. 19).  

[0095 FIGS, 27 and 28 illustrate an optional balloon dilator device that can be used during a 

procedure for transfemoral delivery of a prosthetic heart valve to the he-ar. FIG. 27 

illustrates a valve 400 disposed within a lumen of a delivery sheath 426. The valve 400 can 

be constructed the same as or similar to, and function the same as or similar to, the valves 

200, 500 and 300 described above. For example, the valve 400 can inchdean 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 (see FIG. 28) can be coupled to 

the tether 436.  

[00961 In this embodiment, to deliver the valve 400, a leader tube (not shown) can be 

inserted through an apical puncture and extended through the heart and out through a femoral 

vein access site. A valve leader member 434 coupled to a tether 436 can be inserted through 

the femoral end of the leader tube and extended out the apical end of the leader tube, as 

described above with respect to FIGS. 1-6. The valve 400 can be loaded into 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 can then be 

advanced along the valve leader member 434 from the apical end, through the heart, through 

the femoral vein and out the femoral access site.  

[0097] The balloon dilator device 445 includes a balloon member 446 that can be disposed at 

least partially within the distal end portion of the lumen of the delivery device 426, and distal 

of the valve 400, as shown in FIG. 27. The balloon dilator device 445 also includes an 

elongate member 447 coupled to the balloon member 446 and that defines an inflation lumen 

in fluid communication with an interior of the balloon member 446. The elongate member 

447 can be coupled to a source of an inflation medium (not shown) configured to supply the 

inflation medium to the balloon member 446. With the balloon dilator device 445 coupled to 
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the delivery sheath 426 as shown in FIG. 27, the balloon member 446 can be inflated. The 

delivery sheath 426 can then be inserted through the femoral access site and advanced 

through the femoral vein, through the inferior vena cava, into the right atrium, through the 

septum Sp and into the left atrium LA as shown in FIG. 28, The balloon member 446 

provides a smooth surface to aid in maneuvering the delivery sheath 426 through the femoral 

vein and the septum and into the heart. With the distal end portion of the delivery sheath 426 

disposed within the left atrium 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 

mitral annulus as described above for FIGS. 1-6. For example, a pusher device 438 (see FIG.  

27) can be used to push the valve 400 out of the lumen of the delivery sheath 426 and/or the 

tether 436 coupled to the valve 400 can be pulled, 

[00981 FIGS. 29 and 30 illustrate an optional wire assist structure that can be used during a 

procedure to deliver a prosthetic heart valve transfenorally as described above for previous 

enbodiments. A wire assist structure 649 can be releasably coupled to a valve 600 as shown 

in FIG. 29, The valve 600 can be constructed the same as or similar 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 inner frame 650. The wire assist structure 

649 can be releasably coupled to the inner frame 650 as best shown in FIG. 30. For example, 

releasable connectors (not shown) can be used to couple the wire assist structure 649 to the 

innerframe 650.  

[0099] In use, the wire assist structure 649 can be movably disposed within a delivery sheath 

626 used to deliver the valve 600 to the heart. The wire assist structure 649 can hold the 

inner frame 650 and allowfor positioning control of the valve 600 (i.e., clocking and 

advancement) while the outer frame 650 of the valve 600 is fully expanded, which allows the 

valve 600 to be fimctioning during the positioning phase. When the valve 600 is in the 

desired final position, the wire assist structure 649 can be released from the inner frame 650 

and removed with the delivery sheath 626.  

1001001 FIG. 31 illustrates another optional assist member that can be used during a 

procedure to deliver a prosthetic heart valve transfemorally. An assist member 748 can be in 

the fonn of a tubular member defining a lumen with a diameter sized to receive at least a 

portion of the inner frame 750 of a valve 700. The valve 700 can be constructed the same as 

or similar to, and function the same as orsinilar to, 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 

inner frane 750 as described above for previous embodiments.  

[00101] In use, 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 portion of the 

inner valve assembly 740. As with the wire assist structure 649, the assist member 748 can 

hold the inner frame 750 in a small compact configuration and allow for positioning control 

of the valve 700 (i.e., clocking and advancement) while the outer frame of the valve 700 is 

being expanded This can in some cases allow the valve 700 to be functioning (or at least 

partially functioning) during the positioning phase of the valve 700 With the inner frame 

750 held in a compact or small diameter form factor, the valve 700 can be more easily 

positioned to help seal the annulus with the outer frame (not shown) of the valve 700. When 

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

[00102] FIG, 32 is a flowchart illustrating a method of deploying a prosthetic mitral 

valve to a heart using a transfemoral delivery approach. The method includes at 880, 

inserting 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 

in the left atrium of the heart. At 881, inserting a delivery sheath with a snare device coupled 

thereto through an access site into the femoral vein and into the left atrium of 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 of the heart and the entry to the femoral 

vein, At 883, an outer frame of a prosthetic mitral valve is disposed in an inverted 

configuration 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.  

100103] At 884, after inverting the outer frame, the prosthetic mitral valve is inserted 

into a lumen of a delivery sheath such that the prosthetic mitral valve is moved to a collapsed 

configuration. The delivery sheath can be the same delivery sheath as used with the snare 

device or a different delivery sheath. At 885, a valve leader member is inserted to the leader 

tube at the femoral end of the leader tube, and moved through the leader tube until the valve 

leader member exits the leader tube outside of the apex of the heart. A proximal end of the 

valve leader member is coupled to a tether line that in turn is coupled to the prosthetic mitral 

valve and disposed within the delivery sheath. At 886, the delivery sheath is inserted into the 
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fenioral vein and moved through the femoral vein and through a septum of a heart until a 

distal end portion of the delivery sheath is disposed in the left atrium of the heart. At 887, the 

prosthetic mitral valve is moved distally out of the delivery sheath such that the inverted 

outer frame of the prosthetic mitral valve reverts, and the prosthetic mitral valve assumes its 

biased expanded configuration. At 888, the prosthetic mitral valve is positioned within a 

mitral annulus of the heart and optionally an epicardial pad device can be secured to the apex 

of the heart to maintain the prosthetic mitral valve in the desired position (e.g., orientation) 

within the mitral annulus. 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 ventricular wall of the heart.  

1001041 FIGS. 33-37 illustrate an embodiment of an expandable epicardial pad device 

that can be used to secure a tether attached to a prosthetic mitral valve to the heart, for 

exainple, 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 transfenorally as described herein. The epicardial pad 939 can be 

forced with a small profile such that the epicardial pad 939 can be delivered to the exterior 

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 

example, in the range of 3-5 mi. An Inner delivery sheath 964 can be movably disposed 

within a lumen of the delivery sheath 963 and used to hold the tether 936 while the epicardial 

pad 939 is being deployed as described in more detail below.  

1001051 As shown in 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-memory material such as Nitinoi" such that the epicardial pad 939 can have a biased 

expanded configuration as shown in 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 to the 

collapsed configuration. The fabric cover 962 can be forced with various suitable 

material(s) such as, for example, polyester, polyethylene or ePTFE.  

[001061 In use, after a prosthetic mitral valve has been deployed 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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used to secure the tether 936 and prosthetic valve in a desired position. With the tether 936 

extending outside of the heart, the tether 936 can be threaded through a center opening of the 

epicardial pad 939 and. through a lumen of the inner delivery sheath 964, as shown in FIGS, 

33 and 34, The outer delivery sheath 963 can be laced over the inner delivery sheath 964 and 

the epicardial pad 939 to collapse the epicardial pad 939 as shown in FIG. 33. As described 

above, the outer delivery sheath 964 can have a relatively small outer diameter such that it 

can be inserted through a small incision in the skin of the patient. When the distal end of the 

delivery sheath 963 is at a desired location near the apex of the beart, the epicardial pad 939 

can be moved outside of the delivery sheath 963 such that the epicardial pad 939 can assume 

its biased expanded configuration as shown in FIGS, 34 and 36. For example, to move the 

epicardial pad 939 outside of the lumen of the delivery sheath 963, the delivery sheath 963 

can be moved proximally, such that the deliver sheath 963 is removed from epicardial pad 

939. Alternatively, 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 inner delivery 

sheath 964 in which the tether 936 is disposed can be used to move or push the epicardial pad 

939 out of the delivery sheath 963.  

1001071 Prior to moving the expanded epicardial pad 939 into position on the apex of 

the heart, conventional purse string sutures 965 at the incision through which the tether 936 

extends outof the heartat 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 966 as shown in FIGS. 37-39.  

The locking mechanism can be fonned integrally with the frame member 961 and can include 

barbs 967 As shown in FIGS, 3? 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 tether 936. For example the tether 936 can be threaded into thinner 

delivery sheath 964 prior to the inner delivery sheath 964 and tether 936 being inserted 

through the center opening of the epicardial pad 939. Thus, the inner delivery sheath 964 can 

protect the tether 936 from the barbs 967 of the loking mechanism 966 during deployment 

of the epicardial pad 939. When the epicardial pad 939 is deployed at the desired position on 

the heart, the inner delivery sheath 964 can be removed uncovering the tether 936 and 

allowing the barbs 967 to engage or pierce the tether 936 as shown in FIGS. 38 and 39. The 

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

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

[00108] In alternative embodiments, other methods of securing the epicardial pad 939 

to the heart can be used, For example, in an embodiment in which the epicardial pad 939 

does not include an integrated locking mechanism as described above, the distal end portion 

of the tether 936 can be tied or another securing device such as a clip or locking pin can be 

used.  

1001091 FIGS. 40-42 illustrate another embodiment of an expandable epicardial pad 

device that can be used to secure a tether attached to a prosthetic mitral valve to the heart, for 

example at the apex of the heart. An epicardial pad device 1039 (also referred to herein as 

"epicardal pad"' or "pad") can be used, for example, during a procedure to deliver a 

prosthetic heart valve transfemorally as described herein. The epicardial pad 1039 can be 

formed with a small profile such that the epicardial pad 1039 can be delivered to the exterior 

of the heart via asmall incision and asmall diameter delivery catheter or sheath (not shown) 

as described above for epicardial pad 939.  

[001101 As shown in FIGS. 40-42, the epicardial pad 1039 includes a frame member 

1061 and a fabric cover 1062. In this embodiment, the frame member 1061 includes a first 

frame portion 1068 and a second frame portion 1069. As with the previous embodiment, the 

frame member 1061 can be forced with, for example a shape-memory material such as 

Nitinoi", 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 FIG.  

40. For example although not shown for this embodiment, the epicardial pad 1039 can be 

placed within a lumen of a delivery sheath to collapse or move the epicardial pad 1039 to the 

collapsed configuration. In the expanded configuration, the second frame portion 1069 

expands within an interior region defined by the first frame portion 1068 as best shown in 

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, polyester, polyethylene or ePTFE, as 

describedabove for fabric cover 962.  

[00111] In use., after a prosthetic mitral valve has been deployed within the heart H 

(FIG. 42), for example, via a transfemoral delivery approach as described herein, the tether 
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1036 attached the prosthetic valve (not shown) can extend outside 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 lumen of an inner delivery sheath, such as inner delivery sheath 964 described 

above, and through a center opening of the epicardial pad 1039. An outer delivery sheath 

(not shown) can be placed over the inner delivery sheath such that the epicardial pad 1039 to 

collapse the epicardial 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 in the skin 

of the patient. When the distal end of the delivery sheath is at a desired location near the 

apex of the heart, the epicardial pad. 1039 can be moved outside of the delivery sheath 963 

such that the epicardial pad 1039 cai assume its biased expanded configuration as shown in 

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

[00112] Prior to moving the expanded epicardial pad 1039 into position on the apex of 

the heart, conventional purse string sutures 1065 at the incision through which the tether 1036 

extends out of the heartat the apexof the heart can be closed The epicardial pad 1039, in the 

expanded configuration, can then be positioned on the apex of the heart. The epicardial pad 

1039 can include anintegral locking mechanism. similar to or the same as locking 

mechanism 966 described above to secure or lock the tether 1036 and epicardial pad 1039 in 

position on the heart. In alternative embodiments, other methods of securing the epicardial 

pad 1039 to the heart can be used. For example, as described above, the distal end portion of 

the tether 1036 can be tied or another securing device such as a clip or locking pin can be 

used.  

1001131 FIGS. 43 and 44 illustrate an expandable epicardial pad device 1139 according 

to another embodiment. The epicardial pad device 1139 can be used in the same or similar 

manner as described for previous embodiments to secure a tether attached to a prosthetic 

mitral valve to 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 described herein, In this 

embodiment, the epicardial pad device 1139 includes 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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[00114] The balloon nernber 1155 can define an inner lumen through which the tether 

1136 can be inserted. 'The epicardial pad 1139 can also include an inflation lumen through 

which an inflation medium can be communicated to and from the balloon member 1155, For 

example, the inflation lumen (notshown) can be defined by the balloon member I 155 or by a 

separate inflation line (not shown) in fluid communication with an interior of the balloon 

nenber 1155.  

[00115] In use, after a prosthetic mitral valve has been deployed within the heart H 

(FIG. 42), fr example, via a transfemoral delivery approach as described heroin, the tether 

1136 attached the prosthetic valve (not shown) can extend outside the apex of the heart. With 

the tether 1136 extending outside of the heat, the tether 1136 can be threaded or inserted 

through the lumen of the balloon mnenber 1155 as described above. The balloon member 

1155 can be inflated or deflated when the tether 1136 is inserted into the balloon lumen. The 

balloon member 1155 can be collapsed or deflated (not shown) and then placed within a 

lumen of a delivery sheath (not shown). The delivery sheath can be inserted through small 

incision In the skin of the patient and a distal end of the delivery sheath disposed at a desired 

location near the apex of the heart, The epicardial pad 1139 (i.e., balloon member 1155) can 

bemovedoutsideofthedelivery sheath and then can be inflated as shown in FIG. 43.  

[00116] Purse string sutures 1165 at the incision through which the tether 136 extends 

out of the heart at the apex of the heart can be closed prior to positioning the epicardial pad 

1139 on the apex. Priorto positioning the balloon member 1155 on the apex of the heart, the 

balloon member 1155 can be partially deflated or fully deflated. The balloon member 1155 is 

then moved distally into contact with the heart where it can collapse inwardly upon itself to 

form a cup shape as the balloon member 1155 is pushed against the heart, as shown in FIG.  

44. The epicardial pad 1139 and tether 1136 can be secured in the desired position with, for 

example, clip(s) or a locking pin(s) or by tying the tether 1136. In some embodiments, the 

balloon member 1155 is secured by adhesively coupling the balloon member 1155 to the 

tether 1136 such that the balloon member 1155 is prevented from moving relative to the 

tether 1136. In some embodiments, the balloon member 1155 can be adhesively coupled to 

the tether 1136 and also adhesively coupled to the heart. In some embodiments, the balloon 

member 1155 is fully deflated and can be filled with an adhesive or a cement material to add 

strength and rigidity to the balloon member 1155 
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[00117] FIGS. 45-47 illustratevet another embodiment of an epicardial pad device that 

can be used to secure a tether attached to a prosthetic mitral valve to the heart, for example, at 

the apex of the heart. The epicardial pad device 1239 (also referred to herein as "epicardial 

pad" or "pad") can be used, for example, during a procedure to deliver a prosthetic heart 

valve transfeinorally as described herein. In this embodiment, the epicardial pad device 1239 

includes multiple stackable pad members 1273 that can be sized such that each stackable pad 

member 1273 can be delivered separately to the exterior of the heart via a small incision and 

a small diameter delivers 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 area of, for example, 2 cm. The stackable pad members 1273 can be 

formed with, for example, suitable polymer or metal materials such as, for example, PEEK 

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

[00118] In use, after a prosthetic mitral valve has been deployed within the heart -, for 

example, via a transfemoral 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 member 1273 can be slid onto 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 slid or moved 

distally along the tether 1236 until it contacts the surface of the heart H as shown in FIG. 45.  

A second stackable pad member 1273 can then be slid distally along the tether 1236 until it 

contacts the first stackable pad member 1273 and then a third stackable pad member 1273 

can be slid 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 oriented 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 ofthe heart more 

evenly than a single stackable pad member 1273. After the three stackable pad members 

1273 have been positioned against the heart, a locking pin 1274 can be inserted laterally 

through the tether 1236 to secure the stackable pad members 1273 against the surface of the 

heart. In some embodiments, it may be desirable to insert a locking pin after each stackable 

pad member 1273 has been positioned.  

[00119] FIGS. 48-51B illustrate an optional stopper tube device, also referred to as a 

valve positioning device or a valve alignment device or included as part of a valve 
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positioning device or valve alignment device that can be used during a procedure 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 to deliver a prosthetic heart valve to a heart using a 

variety of different delivery approaches, such as, a transfemoral approach as described above 

for previous embodiments, and as described below with respect to FIGS. 69-74. Other 

delivery approaches can be used as described above, such as, a transatrial approach or a 

transjugularapproach. 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 

ventricle prior to delivering the prosthetic valve to the annulus of the heart. As shown in 

FIGS. 48-5, a prosthetic valve 1300 can be constructed the same as or similar to, and 

function the same as or similar to, the prosthetic valves described above for previous 

embodiments. For example, the prosthetic valve 1300 can include an outer fraie and an 

inner frame. The prosthetic valve 1300 can be delivered to the heart H as described above for 

previous embodiments. For example, the prosthetic valve 1300 can be placed in 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 inferiorvena cava IVC, Into the right atrium, 

and then through a transseptal puncture of the septum Sp of the heart H, and into the left 

atrium LA of the heart -.  

[001201 With the distal end portion of the delivery sheath 1326 disposed within the left 

atrium LA of the heart, the prosthetic valve 1300 can be deployed outside of the delivery 

sheath 1326. A tether 1336 can be coupled to the prosthetic valve 1300 and used to 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 braided rope or cord.  

Alternatively, or in addition to, a pusher device (not shown) (e.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 IN and exit the heart at the apex Ap.  

100121] In this embodiment, the tether 1336 is threaded or inserted through a stopper 

tube device 1376 (also referred to as "stopper tube") as shown in FGS. 48-51 The stopper 

tube 1376 is then inserted through the apex Ap of the heart and a distal end of the stopper 

tube 1376 is extended through the left ventricle LV, through the annulus and into the left 

atrium LA. The stopper tube 1376 at this point in the delivery procedure can be used, for 
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example, to prevent the prosthetic valve 1300 from entering into the left ventricle LV too 

early or too deep.  

1001221 As the prosthetic valve 1300 exits the lumen of the delivery sheath 1326, the 

outer frame assembly of the prosthetic valve 1300 exits the delivery sheath 1326 in its 

inverted configuration and begins to revert or flip to its expanded or deployed configuration 

as described above, for example, with respect to the embodiment of FIGS. 22-24, and as 

shown in FIG50. In some embodiments, the pusher device and/or the tether 1336 can be 

used to aid in the reversion of the outer frame assembly. As shown in FIG. 50, with the outer 

frame reverted and in its expanded or deployed configuration, the stopper tube 1376 and 

tether 1336 are manipulated or moved such that they are in a fixed position relative to the 

heart, with the tether 1336 pulled taut to help position and control the movement of the 

prosthetic valve 1300. The delivery sheath 1326 can also be moved forward or further within 

the left 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.  

1001231 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 tube 1376 

using the tether 1336 extending outside of a proximal end of the stopper tube 1376. The 

stopper tube 1376 enables the prosthetic valve to be moved/positioned in a slow and 

controllable manner into 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 to achieve a desired anatomical orientation. 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 being deployed too low. This, the stopper tube 1376 can be used to 

move the prosthetic heart valve to a desired position within a native mitral annulus 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 anulus. The stopper tube 1376 can also be used to move and position the prosthetic 

valve in a proximal-distal direction within the heart. When the prosthetic valve 1300 is in the 

desired position arid orientation within the annulus, 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 in FIG. 51A, 
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[00124] FIG. 51B illustrates an alternative approach for introducing the stopper tube 

1376 into the heart. Such an approach can be used in any of the embodiments of a valve 

positioning device or valve alignment device described herein. As shown in FIG, 51B, a 

procedural catheter 1322 can first be introduced into the heart through the apex. The stopper 

tube 1376 can then be inserted through the procedural catheter 1322 and a distal end of the 

stopper tube 1376 disposed in the left atrium as described above with reference to FIGS. 48

51A.  

[00125] In some embodiments, a stopper tube (or valve positioning device or valve 

alignment device) as described herein can be used during the deployment of a prosthetic 

valve that does riot include a tether. For example, in such an embodiment, the prosthetic 

valve may have a tapered nose cone or dilator tip portion at its lead end and as it is deployed 

into the annulus, the distal end of the stopper tube can be placed against or over the tapered 

nose cone and used to help guide the positioning and orientation of the prosthetic valve 

within the nitral annulus. In some embodiments, for use with a prosthetic valve that does not 

have a tether, a temporary tether can be attached to the valve such that a valve positioning 

device as described herein can be used to assist in the positioning of the valve within the 

heart. For example, a tether can be removably attached to the valve (e.g., by tying the tether 

to the valve or using another suitable attachment method) prior to delivery of the valve to the 

heart and then removed after the valve has been placed in the desired position and orientation 

within the heart. The temporary tether car then be removed from the valve by, for example, 

cutting the tether.  

1001261 In some embodiments, a stopper tube can include an expandable member at its 

distal end that can engage such a nose cone/dilator portion on a prosthetic valve. For 

example the expandable member can be expanded to have an umbrella shape where the nose 

cone of the prosthetic valve can be received within the concave portion of the umbrella-shape 

expandablemember. In some embodiments, suchan expandable membercanbe fomied with 

a Nitinol braid material.  

1001271 In some embodiments in which the prosthetic valve does not include a tether, 

but instead uses a guide wire to introduce and guide a prosthetic valve during deployment, a 

stopper tube as described herein can be used in a similar manner as used with the tether of the 

embodiment of FIGS. 48-51. 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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wire can then be used to help position and orient theprosthetic valveinconjunction withthe 

stopper tube.  

1001281 Various alternative embodiments of a valve positioning device are described 

herein that can be used during the deployment of a prosthetic heart valve, The various 

embodiments of a valve positioning device can include an alignment member (iC., stopper 

tube) and can be used to move and position a prosthetic heart valve within an annulus of the 

heart (e.g., native mitral annulus) to achieve a desired anatomical orientation and position 

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 variety of different delivery approaches such as 

for example, transfemoral, transatrial, transjugular, or apically), a valve positioning device 

can be used to help rotate the prosthetic valve to achieve a desired anatomical orientation 

within the heart. The valve positioning devices described herein can also be used to push or 

move the prosthetic valve, for example, distally or toward the annulus in the case of the 

prosthetic valve being deployed too low (e.g.into the left ventricle in the case of a prosthetic 

mitral valve). Thus, the valve positioning devices can be used to move a prosthetic heart 

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 laterally 

moving an orientation of the prosthetic heart valve relative to the native annulus and/or 

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

[00129] FIG 52A illustrates another embodiment of a valve positioning device that 

can be used to assist in the positioning of a prosthetic valve. In this embodiment, a prosthetic 

valve positioning device 1392 is shown being used to position the prosthetic valve 1300 in 

place ofthe stopper tube 1376 described above. The prosthetic valve positioning device 1392 

(also referred to herein as "valve positioning device" or "positioning device") includes an 

alignment member 1376' and an outer body member 1394 that has a stepped or varying outer 

diameter. The alignment member 1376' can be tubular and define a lumen (not shown). The 

alignment member 1376' can be the same as or similar to the stopper tube 1376. The valve 

positioning device 1392 can also include a tether locking device 1395. The locking member 

1395 can be, fior example, a pinning device used to pierce through the tether, or a vice type 

device configured to clamp or squeeze the tether. Other types of tether locking devices can 

alternatively be used. In some embodiments, the alignment member 1376' is movably 

disposed within a lumen of the outer body member 1394. In some embodiments, the 
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alignment member 1376' is fixedly coupled to the outer body member 1394, and in yet other 

embodiments, the alignment member 1376' is integrally or monolithically formed with the 

outer body member 1394, 

[001301 As with the previous embodiment (e.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 to assist in the positioning of the prosthetic valve 1300 within the heart and 

prevent the prosthetic valve 1300 from entering the left ventricle LV prior to delivering the 

prosthetic valve to the annulus of the heart. The alignment member 1376' can be similar in 

structure and function to the stopper tube 1376. The outer body member 1394 has larger 

outer diameter than the alignment member 1376 The outer body member 1394 can include 

a distal portion having a first diameter and a proximal portion having a second diameter. The 

first diameter can be smaller than the second diameter to ease 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 member 1394 together with the alignment member 

1376' provides increased control and torqueability when maneuvering the valve positioning 

device 1392 during use. The multiple profile configuration of the valve positioning device 

1392 can provide an increased amount of torque 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 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 torqueability.  

1001311 Similar as described with reference to FIGS. 48-51 above, after the distal end 

of the delivery sheath 1326 is disposed within the left atrium LA of the heart H and the 

prosthetic valve 1300 is deployed at least partially outside of the delivery sheath 1326, the 

tether 1336 can be threaded or inserted through the valve positioning 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 1376', 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 algnment member 1376' can be inserted through the left ventricle LV, 

through the annulus, and into the left atrium LA. The alignment member 1376' at this point 

32



WO 2016/196933 PCT/US2016/035719 

in the delivery procedure can be used, for example, to prevent the prosthetic valve 1300 from 

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

1001321 When the prosthetic valve 1300 has partially deployed or has transitioned into 

its expanded or deployed configuration, the valve positioning device 1392 and the tether 1336 

can be manipulated or moved to place the positioning device 1392 in engagement with the 

valve 1300. For example, the tether 1336 can be pulled taut while the alignruent member 

1376' is moved distally such that the distal portion of the prosthetic valve 1300 (e.g., a 

connecting portion similar to or the same as connecting portion 544 described above with 

reference to FIGS. 10-12) is in contact with the distal end of the alignment member 1376 

For example, at least a portion of the connecting portion of the prosthetic valve 1300 can be 

disposed within a lumen of the alignment member 1376'.  

100133] With the tether 1336 held taut and the alignment member 1376' engaged with 

the valve 130, a proximal portion of the tether 1336 can be locked in place relative to the 

outer body member 1394 by the locking device 1395. As a result, the prosthetic valve 1300 

is held in a fixed position relative to the valve positioning 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 1376' and the 

prosthetic valve 1300 can be moved together (e.g., rotated, moved distally/proximally, moved 

posteriorly/anteriorly). The delivery sheath 1326 can also be moved forward or further 

within the left atrium LA to tilt the prosthetic valve 1300 toward the annulus such that the 

prosthetic valve 1300, the alignment member 1376' and the annulus are concentric.  

[001341 During the positioning of the prosthetic valve 1300 within the heart H the 

outer body member 1394 of the valve positioning device 1392 is maintained outside of the 

heart - and does not enter the apex Ap. In some embodiments, the alignment member 1376' 

can be adjustable such that it can be extended any suitable distance from the distal end of the 

outer body member 1394 to accommodate a variety of heart sizes while also minimizing the 

extension distance of the alignment member 1376' from the outer body member 1394. For 

example, in some implementations, the outer body member 1394 can be movably positioned 

relative to the alignment member 1376W to adjust the length or portion of the alignment 

member 1376' that extends distally from the outer body member 1394 to 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 sone cases, the alignment member 1376' can be 

moved distally out of the lumen of the outer body member 1394 such that the alignment 

member 1376' extends a distance of about 2 to about 3 cm from the distal end of the outer 

body member 1394 into the heart H. In some embodiments, the alignment member 1376' is 

not adjustable relative to the outer body member 1394 and instead has a preset length or 

portion that extends from the distal end of the outer body member 1394. In sone 

embodiments, the alignment member 1376' and the outer body portion 1394 are formed 

integrally or nonolithically with each other as a single component.  

[00135] As a result of reducing the length of extension of the alignment member 1376' 

from the outer body member 1394, the movement of the alignment member 1376' within the 

heart H can be moreeasily controlled using the outer body member 1394. Said another way, 

the portion of the alignment member 1376' extending distally from the outer body member 

1394 wiibe more rigid the shorter distance the alignment member 1376' extends from the 

outer body member 1394.  

1001361 Additionally, the alignment member 1376' can be sized to extend any suitable 

distance proximally within the lumen of the outer body member 1394. For example, the 

proximal end of the alignment member 1376' can be positioned within or coupled to the 

smaller diameter distal portion of the outer body member 1394. Alternatively, 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 embodiments, the alignment member 1376' 

extends out a proximal end of the outer body member 1394.  

[001371 With the prosthetic valve 130 the alignment member 1376' and the annulus 

in the concentric alignment shown in FIG. 52A, the valve positioning device 1392 enables the 

prosthetic valve 1300 to be moved/positioned in a slow and controllable manner into the 

annulus. For example, during the deployment of the prosthetic valve 1300, the valve 

positioning device 1392 can help rotate the prosthetic valve 1300 to achieve a desired 

anatomical orientation, The valve positioning device 1392 can also be used to push the 

prosthetic valve 1300 distally or toward the annulus in the case of the prosthetic valve 1300 

being deployed too low. When the prosthetic valve 1300 is in the desired position and 

orentation within the annulus, the tether 1336 can be unlocked from the valve positioning 

device 1392 and the alignment member 1376' of the valve positioning device 1392 can be 
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pulled out through the apex Ap (e.g., along the tether 1336). The delivery sheath 1326 can 

also be pulled back out of the heart.  

1001381 As with the previous embodiment, the valve positioning device 1392 can be 

introduced into the heart via the procedural catheter 1322 as shown in FIG. 52B. The 

procedural catheter 1322 can be inserted through the apex of the heart and into the left 

ventricle, and then the alignment member 1376' can be inserted through a lumen of the 

procedural catheter 1322 and into the heart in a similar manner as described above for stopper 

tube 1376 and FIG. 51B.  

1001391 FIGS. 53 and 54 illustrate another device that can be used in positioning a 

prosthetic valve similarly to the stopper tube device 1376 and the valve positioning device 

1392 described above. FIG. 53 is a schematic illustration of a side viev of a prosthetic valve 

positioning device 1492 disposed in a first position and FIG. 54 illustrates the prosthetic 

valve positioning device 1492 disposed in a second position. The prosthetic valve 

positioning device 1492 (also referred to herein as "valve positioning device" or"positioning 

device"') includes an outer sheath 1479 and an alignment member 1476, with both the outer 

sheath 1479 and the alignment member 1476 shown in see-through in FIG. 53. As indicated 

in phantom at 1479' and 1479", the outer sheath 1479 can be a steerable sheath The 

alignment member 1476 is movably disposed within a lumen (not shown) of the outersheath 

1479. Additionally, the aliunment member 1476 includes a tether lumen (not shoxn) and a 

valve engagement feature 1477.  

1001401 The valve positioning device 1492 is configured to engagewith and be used to 

position a prosthetic valve 1400. The prosthetic valve 1400 can be substantially similar in 

structure and function to the prosthetic valves described herein. For example, the prosthetic 

valve1400 can include an outer frame and an inner frame. The prosthetic valve 1400 can be 

delivered to the heart as described above for previous embodiments. For example, the 

prosthetic valve 1400 can be placed in the distal end of a delivery sheath and the delivery 

sheath can be introduced through a femoral vein puncture and extended through the inferior 

vena cava, into the right atrium, and then through a transseptal puncture of the septum of the 

heart, and into the left atrium of the heart 

100141] Specifically, for example, the prosthetic valve 1400 includes a strut portion 

1443 which includes a number 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 similar in structure and function to the 

connecting portion 544 described above with reference to FIGS 10-12. A connector 1489 

extends from the connection portion 1444 and defines a recess 1491. Additionally, a tether 

1436 is coupled to the connector 1489 and/or the connection portion 1444 of the valve 1400.  

The tether 1436 is substantially similar in structure and function to the tethers described 

herein. As shown in FIG. 53, the tether 1436 can extend through the lumen of the alignment 

member 1476.  

1001421 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 received within or otherwise engage with the recess 1491. In the second 

position shown in FIG. 54, the alignment member 1476 has been extended along the tether 

1436 relative to the outer sheath 1479 into engagement with the connector 1489. In the 

second position, the valve engagement feature 1477 is engagedwiththerecess1491andthe 

tether 1436 is pulled taut in the direction of arrow AA As a result, the alignment member 

1476 can be used to move/position the prosthetic valve 1400 in a slow and controllable 

manner into an annulus of a patient's heart. Although the valve engagement feature 1477 and 

the recess 1491 are shown as having complementary rectangular shapes, the valve 

engagement feature 1477 and the recess 1491 can have any suitable shape that allows for 

engagement between the alignment member 1476 and the prosthetic valve 1400.  

Additionally, although the valve positioning device 1492 of FIGS. 53 and 54 is shown as 

including only one connecting feature and one recess, the alignment member 1476 can 

include any suitable number of connecting features and the connector 1489 can include any 

suitable number of recesses. In some implementations, a connecting feature can be located 

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

100143] In use, the valve positioning device 1492 of FIGS. 53 and 54 can be operated 

similarly to the valve positioning device (ie, stopper tube 1376) described with reference to 

FIGS. 48-51. After the prosthetic valve 1400 has been at least partially deployed outside a 

delivery sheath in the left atrium, and the tether 1436 is extended outside of the heart, the 

tether 1436 can be threaded or inserted 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 outer sheath 1479 such that a distal end of the alignment member 1476 can be 

inserted through the left ventricle, through the annulus, and into the left atrium. The 

alignment member 1476 at this point in the delivery procedure can be used, for example, to 

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

[00144] WN'hen the prosthetic valve 1400 has partially deployed or has transitioned into 

its expanded or deployed 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 proximally toward the operator while 

the alignment member 1476 is moved dismally 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 taut, 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 position relative to the valve positioning device 1492.  

Alternatively, the operator can manually maintain the tether 1436 in a taut condition while 

positioning the prosthetic valve 1400. With the tether 1436 pulled taut and/or locked in a 

fixed position relative to the alignment member 1476, the connector 1489 can remain 

engaged 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.  

[00145] With the connector 1489 of the prosthetic valve 1400 and the alignment 

member 1476 engaged as shown in FIG. 54, the prosthetic valve 1400 cat be 

moved/positioned within the annulus in a slow and controlled manner. For example, during 

the deployment of the prosthetic valve 1400, the alignment member 1476 can be used to 

rotate the prosthetic valve 1400 to achieve a desired anatomical orientation, The alignment 

member 1476 can also be used to push the prosthetic valve 1400 distally or toward the 

annulus in the case of the prosthetic valve 1400 being deployed too low. Additionally, in 

embodiments where the outer sheath 1479 is steerable, the outer sheath 1479 can be 

manipulated to further control the movement and angular position of the prosthetic valve 

1400. When the prosthetic valve 1400 is in the desired position and orientation within the 

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

along the tether 1436).  

1001461 FIGS. 55 and 56 illustrate another device that can be used in positioning a 

prosthetic valve similarly to the stopper tube device 1376, the valve positioning device 1392, 

and the valve positioning device 1492 described above. FIG. 55 is a schematic illustration of 

a side view of a prosthetic valve positioning device 1592 shown disposed in a first position, 

and FIG. 56 is a side view of the prosthetic valve positioning device 1592 shown disposed in 

a second position. The prosthetic valve positioning device 1592 (also referred to as a "valve 

positioning device" or "positioning device") includes an outer sheath 1579 and an alignment 

member 1576, with both the outer sheath 1579 and the alignment member 1576 shown in see

through in FIG. 55, and the alignment member 1576 shown in see-through in FIG. 56. As 

indicated in phantom at 1579' and 1579", the outer sheath 1579 can be a steerable sheath.  

The alignment member 1576 is movably disposed within a lumen (not shown) of the outer 

sheath 1579. Additionally, the alignment member 1576 includes a tether lumen (not shown) 

and a valve engagement portion 1577. The valve engagement portion 1577 includes multiple 

valve engagement features protruding from the distal end of the alignment member 1576, 

such as first valve engagement feature 1577A and second valve engagement feature 1577B.  

[001471 The valve positioning device 1592 is configured to engage with and be used to 

help position a prosthetic valve 1500. The prosthetic valve 1500 can be substantially similar 

in structure and function to the prosthetic valves described herein. For example, the 

prosthetic valve 1500 can include an outer frame and an inner frame. The prosthetic valve 

1500 can be delivered to the heart as described above for previous embodiments. For 

example, the prosthetic valve 1500 can be placed in the distal end of a delivery sheath and the 

delivery sheath can be introduced through a fernoral vein puncture and extended through the 

inferior vena cava, into the right atrium, and then through a. transseptal puncture of the 

septum of the heart, and into the left atrium of the heart.  

1001481 Specifically, the prosthetic valve 1500 includes a strut portion 1543 which 

includes multiple struts, such as strut 1543A. The strut portion 1543 can be substantially 

similar in structure and function to the strut portion 543 described above with reference to 

FIG. 7, The prosthetic valve 1500 also includes a connecting portion 1544. The connecting 

portion 1544 can be substantially similar in structure and function to the connectingportion 

544 described above with reference to FIGS. 10-12. Additionally, a tether 1536 is coupled to 
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the connection portion 1544. The tether 1536 is substantially similar in structure and 

function to the tethers described herein. As shown in FIG. 55, the tether 1536 can extend 

through the lumen of the alignment member 1576.  

[001491 The valve engagement portion 1577 of the alignment member 1576 is shaped 

and sized such that the valve engagement portion 1577 can engage with the strut portion 

1543. As shown in FIG. 56, in the second position the alignment member 1576 has been 

extended along the tether 1536 relative to the outer sheath 1579 into engagement with the 

strut portion 1543, In the second position, the valve engagement features of the valve 

engagement portion 1577 are engaged with the struts of the strut portion 1543 and the tether 

1536 is pulled 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 

engagement feature 1577A and the second valve engagement feature 1577B. The strut 

1543A can be moved into engagement with the recess formed between the first valve 

engagement feature 1577A and the second valve engagement feature 1577B. With the 

alignment member 1576 engaged 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 arid controllable manner into an 

annulus of a patients heart. Although the valve engagement features of the valve 

engagement portion 1577 are shown as having rectangular shapes, the valve engagement 

features can have any suitable shape that allows for engagement between the alignment 

member 1576 and the prosthetic valve 1500. Additionally, the alignment member 1576 can 

include any suitable number of valve engagement features and the strut portion 1543 can 

include any suitable number of struts, 

[001501 In use, the valve positioning device 1592 of FIGS. 55 and. 56 can be operated 

similarly to, for example, the valve positioning device 1492 described with reference to 

FIGS. 53 and 54. After the prosthetic valve 1500 has been deployed outside a delivery sheath 

in the left atrium, the tether 1536 can be threaded or inserted through the tether lumen of the 

alignment member 1576 as shown in FIG 55. The outer sheath 1579 and the alignment 

member 1576 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 1576 can be inserted through the left ventricle, through the annuals, and into the left 

atrium. Prior to engagement of the valve engagement portion 1577 with the prosthetic valve 
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1500, the alignment member 1576 at this point in the delivery procedure can be used. for 

example, to prevent the prosthetic valve 1500 from enteringintotheleft ventricle too earl or 

too deep as described above.  

[001511 When the prosthetic valve 1500 has partially deployed or has transitioned into 

its expanded or deployed configuration, the alignment member 1576 and the tether 1536 can 

be manipulated or moved to engage the valve 1500. For example, the tether 1536 can be 

pulled taut proximally toward the operator while the alignment member 1576 is moved 

distally along the tether 1536 until the valve engagement portion1577securelyengageswith 

the strut portion 1543 of the alignment member 1576. With the tether 1536 held taut, a 

proximal portion of the tether 1536 can be locked in place relative to the alignment member 

1576 using a locking device (not shown) as described above. As a result the prosthetic valve 

1500 can be held in a fixed position relative to the valve positioning device 1592.  

Alternatively, the operator canmnanually maintain the tether 1536 in a taut condition while 

positioning the prosthetic valve 1500. With the tether 1536 pulled taut and/or locked in a 

fixed position relative to the alignent member 1576, the strut portion 1543 of the valve 

1500 can remain engaged with the distal end of the alignment member 1576 during, for 

example, distal, proximal, lateral and/or rotational movement of the alignmentitneinber 1576.  

[00152] With the strut portion 1543 of the prosthetic valve 1500 and the valve 

engagement portion 1577 of the alignment member 1576 engaged as shown in FIG 56, the 

prosthetic valve 1500 can be moved/positioned within the annuis in a slow and controlled 

manner. For example, during the deployment of the prosthetic valve 1500, the alignment 

member 1576 can be used to rotate the prosthetic valve 1500 to achieve a desired anatomical 

orientation. The alignment member 1576 can also be used to push the prosthetic valve 1500 

distally or toward the annulus in the case of the prosthetic valve 1500 being deployed too 

low. Additionally, in embodiments where the outer sheath 1579 is steerable, the outersheath 

1579 can be manipulated to further control the movement and angular position of the 

prosthetic valve 1500. When the prosthetic valve 1500 is in the desired position and 

orientation within the annulus, the tether 1536 can be unlocked from the alignment member 

1576, and the alignment member 1576 and the outer sheath 1579 can be pulled out through 

the apex (e.g., along the tether 1536).  

[00153] FIGS. 57-59 illustrate another device that can be used in positioning a 

prosthetic valve similarly to the valve positioning devices described above. FIG. 57 is a 
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schematic illustration of a side view of a prosthetic valve positioning device 1692 disposed in 

afirstposition, FIG. 58 illustrates the prosthetic valve positioning device 1692 in a second 

position, and FIG. 59 illustrates the prosthetic valve positioning device 1692 in a third 

position. The prosthetic valve positioning device 1692 (also referred to as a "valve 

positioning device"or "positioning device") includes an outer sheath 1679 and an alignment 

nenber 1676, with both the outer sheath 1679 and the alignment member 1676 shown in see

through in FIGS. 57 and 58, Asindicated in phantom at 1679' and 1679", the outer sheath 

1679 can be a steerable sheath. The alignment member 1676 is movably disposed within a 

luren (not shown) of the outer sheath 1679. Additionally, the alignment member 1676 

defines a distal opening 1696 in communication with a lumen (not shown) through which the 

tether 1636 can be inserted. The distal end of the alignment member 1676 includes a valve 

engagement portion 1677 described in more detail below.  

[00154] The valve positioning device 1692 is 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 herein. For example, the prosthetic 

valve 1600 can include an outer famen dan inner frame, The prosthetic valve 1600 can be 

delivered to the heart as described above for previous embodiments. For example, the 

prosthetic valve 1600 can be placed in the distal end of a delivery sheath and the delivery 

sheath can be introduced through a femoral vein puncture and extended through the inferior 

vena cava. into the right atrium, and then through a transseptal puncture of the septum of the 

heart, and into the left atrium of the heart.  

1001551 Specifically, the prosthetic valve 1600 includes a strut portion 1643 that 

includes multiple struts, including strut 1643A. The strut portion 1643 can be substantially 

similar in structure and function to the strut portion 543 described above with reference to 

FIG. 7, The prosthetic valve 1600 also includes a connecting portion 1644. The connecting 

portion 1644 can be substantially similar in structure and function to the connectingportion 

544 described above with reference to FIGS. 10-12. Additionally, a tether 1636 is coupled to 

the connection portion 1644. The tether 1636 is substantially similar in structure and 

function to the tethers described herein, As shown in FIG. 57, the tether 1636 can extend 

through the lumen of the alignment member 1676.  

[00156] The valve engagement portion 1677 is expandable from a collapsed or 

undeployed configuration when disposed within the outer sheath 1679, as showniin FIG. 5T, 
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to an expanded or deployed 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 in FIG. 58, 

the alignment member 1676 has been moved distally relative to the outer sheath 1679 in the 

direction of arrow CC such that the valve engagement portion 1677 extends dismally from the 

outer sheath 1679. When the valve engagement portion 1677 is in the second position, 

uncompressed by the outer sheath 1679, the valve engagement portion 1677 can expand to a 

deployed configuration having a larger diameter than the diameter of the valve engagement 

portion 1677 when in the collapsed or undeployed configuration. For example, the valve 

engagement portion 1677 can be formed with a shape-memory material and have a biased 

expanded or deployed configuration such that the valve engagement portion 1677 

automatically expands as it is moved out of the outer sheath 1679. In someembodiments, the 

valve engagement portion 1677 can be forned by laser cutting a Nitinol* tube or by braiding 

Nitinoi wire.  

100157] The valve engagement portion 1677 of the alignment member 1676 is shaped 

and sized such that, in the expanded or deployed configuration, thevalve engagement portion 

1677 can surround the connecting portion 1644 and engage with the strut portion 1643. For 

example, as the valve engagement portion 1677 expands, the distal opening 1696 becomes 

larger and the lumen of the alignment member 1676 that is disposed outside of the outer 

sheath 1679 also enlarges such that the connecting portion 1644 can be received through the 

distal opening 1696 and be disposed within the portion of the lumen associated withthe valve 

engagement portion 1677 of the alignment member 1676. To move the valve engagement 

portion 1677 into its deployed or expanded configuration to engage with the strut portion 

1643, the tether 1636 is pulled taut and the alignment member 1676 is moved distally along 

the tether 1636 in the direction of arrow CC relative to the outer sheath 1679, such that the 

engagement portion 1677 is moved outside a distal end of the outersheath 1679. As shown 

in FIG. 59, after the valve engagement portion 1677 has been extended outside of the distal 

end of the outer sheath 1679, the engagement portion 1677 can assume its biased expanded 

position (as shown in FIG. 58) and can be moved further distally to surround the connecting 

portion 1644 and/or the strut portion 1643 of the valve 1600. The outer sheath 1679 

optionally can be moved dismally along the alignment member 1676 toward the prosthetic 

valve 1600 in the direction of arrow DD to partially collapse or compress the valve 

engagement portion 1677 around the correcting portion 1644 and/or strut portion 1643 of the 

valve 1600. Consequently, 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 controllable manner into an annulus of a patient's 

heart.  

[001581 In use, the valve positioning device 1692 of FIGS. .57-59 can be operated 

similarly to the valve positioning device 1592 described with reference to FIGS. 55 and 56.  

After the prosthetic valve 1600 has been at least partially deployed outside a delivery sheath 

in the left atrium, and the tether 1636 is extended outside of the heart, the tether 1636 can be 

threaded or inserted through the inmen of the alignment member 1676 as shown in 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 to the outer sheath 1679 

such that the valve engagement portion 1677 of the alignment member 1676 can be moved 

outside of the distal end of the outersheath 1679 to assume its biased expanded configuration 

as described above, and be inserted through the left ventricle, through the annulus, and into 

the left atrium. Alternatively, the outer sheath 1679 and the alignment member 1676 can be 

inserted through the left ventricle, through the annulus, and into the left atrium before the 

valve engagement portion 1677 of the alignment member 1676 is extended and expanded 

relative to the outer sheath 1679. Prior to engagement of the valve engagement portion 1677 

with the prosthetic valve, the outer sheath 1679 and/or the alignment member 1676 can be 

used, for example, to prevent the prosthetic valve 1600 from entering into the left ventricle 

too early or too deep as described above.  

[00159] With the prosthetic valve 1600 partially deployed or in its expanded or 

deployed configuration, the alignment member 1676 and the tether 1636 can be manipulated 

or moved to engage the valve 1600. For example, the tether 1636 can be pulled taut 

proximally toward the operator while the alignment member 1676 is moved distally along the 

tether 1636 until the valve engagement portion 1677 surrounds the connecting portion 1644 

and/or the strut portion 1643 of the prosthetic valve 1600 as described above. With the tether 

1636 held taut, the outer 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 connecting 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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[00160] 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 relative to the 

alignment member 1676 using a locking device (not shown). As a result, the prosthetic valve 

1600 is held in a fixed position relative to the valve positioning device 1692. Aitematively, 

the operator can manually maintain the tether 1636 in a taut condition whilepositioning the 

prosthetic valve 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.  

1001611 With the connection portion 1644 and the strut 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 annulus in 

a slow and controllable manner. For example, during the deployment of the prosthetic valve 

1600, the alignment member 1676 can be used to rotate the prosthetic valve 1600 to achieve 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 is 

steerable, the outer sheath 1679 can be manipulated to further control the movement and 

angular position of the prosthetic valve 1600. When the prosthetic valve 1600 is in the 

desired position and orientation within the annulus, the tether 1636 can be unlocked from the 

alignment member 1676, and the alignment member 1676 and the outer sheath 1679 can be 

pulled out through the apex (e.g., along the tether 1636).  

[001621 FIG. 60 illustrates another embodiment of a valve positioning device that can 

be used to assist in the positioning 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 similar 

to, the prosthetic valves described above for previous embodiments. For example, the 

prosthetic valve 1700 can include an outer frame and an inner frame, Additionally, the 

prosthetic valve 1700 can include a connecting portion (not shown) and a strut portion (not 

shown) constructed the same as or similar to, and functioning the same as or similar to, the 

prosthetic valves described above for previous embodiments. The prosthetic valve 1700 can 

also include a tether 1736 that is the same as or similar to the tethers described above for 
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previous embodiments. The prosthetic valve 1700 can be delivered to the heart - 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 

introduced through a femoral vein puncture and extended through the inferior vena cava IVC, 

into the right atrium, and then through a transseptal puncture of the septum Sp of the heart -, 

and into the left atriurn LA of the heart H.  

100163] In the embodiment of FIG 60., a prosthetic valve positioning device 1792 is 

shown being used to position the prosthetic valve 1700 The prosthetic valve positioning 

device 1792 (also referred to herein as a "valve positioning device" or "positioning device") 

includes an outer sheath 1797 extending frorn an outer body member 1794. The outer sheath 

1797 can be tubular and defines a luren (not shown). The outer body member 1794 can 

have a stepped or varying outer diameter. In some embodiments, the outer sheath 1797 is 

movably disposed within a lumen of the outer body member 1794. In some embodiments, 

the outer sheath 1797 is fixedly coupled to the outer body member 1794, and in yet other 

embodiments, the outer sheath 1797 is integrally or monolithically firmed 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 

similar to the outer body member 1394 described above with reference to FIG. 52. 'The larer 

diameter outer body member 1794 together with the outer sheath 1797 can provide increased 

control and torqueability when maneuvering the valve positioning device 1792 during use.  

As described previously herein, the multiple profile configuration of the valve positioning 

device 1792 can provide an increased amount of torque 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 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 torqueability.  

[00164] In thi embodiment, the valve positioning device 1792 also includes an inner 

sheath 1779 and an alignment member 1776. The inner sheath 1779 can be the same or 

similar in structure and fiction to the outer sheath 1679 described above with reference to 

FIGS. 57-59. For example, the inner sheath 1779 can be tubular and define a lumen (not 

shown). The alignment member 1776 can be constructed the sane as or similar to, and 
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function the same as or similar to, the alignment member 1676 described above. For 

example, the alignment member 1776 can be tubular and define a lumen (not shown) and a 

distal opening 1796. A distal end portion of the alignment member 1776 includes a valve 

engagement portion 1777, The inner sheath 1779 is movably disposable within the lumen of 

the outer sheath 1797. Similarly, the alignment member 1776 is movably disposable within 

the lumen of the inner sheath 1779. The valve positioning device 1792 can also include a 

locking device 1795 for locking the tether 1736 in a fixed position relative to the positioning 

device 1792.  

[00165] As with the previous embodiment, the valve engagement portion 1777 of the 

alignment member 1776 can have a collapsed or undeployed configuration when disposed 

inside the lumen of the inner sheath 1779 and an expanded or deployed configuration when 

moved outside of the lumen of the inner sheath 1779. When the valve engagement portion 

1777 is extended distally from the inner sheath 1779, the valve engagement portion 1777 can 

expand to an expanded or deployed configuration having a larger diameter than the diameter 

of the valve engagement portion 1777 when in a collapsed or undeployed configuration, The 

valve engagement portion 1777 can be formed with a shape-memory material and have a 

biased expanded or deployed configuration such that the valve engagement portion 1777 

automatically expands as it is moved out of the imer 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 is shaped and sized such that, in the expanded or deployed configuration, the 

valve engagement 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 described for positioning device 1692.  

[00166] As with the previous embodiments, the valve positioning device 1792 can be 

inserted through the apex of the heart and used to assist in the positioning of the prosthetic 

valve 1700 within the heart H and to prevent the prosthetic valve 1700 from entering the left 

ventricle LV pnior to delivering the prosthetic valve to the annulus of the heart. In addition, 

the valve positioning device 1792 can be used to position the prosthetic valve 1700 vith 

increased control over the prosthetic valve 1700 and minimal damage to surrounding heart 

tissues.  
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[00167] Similar as described with reference to FIGS. 57-59 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 is extended outside of the heart H, the tether 1736 can 

be threaded or inserted through the valve positioning device 1792 as shown in FIG 60. More 

specifically, the tether 1736 can be threaded or inserted through the lumen of the alignment 

nenber 1776 and through an opening of the locking device 1795. The valve positioning 

device 1792 can then be inserted through the apex Ap of the heart H and a distal end of the 

outer sheath 1797 can be inserted through the left ventricle LV, through the annulus, and into 

the left atrium LA. The valve positioning device 1792 at this point in the delivery procedure 

can be used, for example, to prevent the prosthetic valve 1700 from entering into the left 

ventricle LV too early or too deep as described above for previous embodiments.  

[001681 When the prosthetic valve 1700 has partially deployed or has transitioned into 

its expanded or deployed 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 

inner sheath 1779, simultaneously or sequentially. Similar to the alignment member 1676 

described above with reference to FIGS. 57-59, as the alignment member 1776 exits the distal 

end of the inner sheath 1779. the valve engagement portion 1777 can expand from the 

undeployed or collapsed configuration into the deployed 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 connection 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 engagement ith thevalve 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 is positioned such that it surrounds the connecting portion and/or portion of the strut 

portion, with the tether 1736 held taut, the inner 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 result, the alignment 

member 1776 can be used to move/position the prosthetic valve 1700 in a slow and 

controllable manner into an annulus of a patient's heart. The delivery sheath 1726 can also 
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be moved forward or further within the left atrium LA to tilt the prosthetic valve 1700 toward 

the annulus such that the prosthetic valve 1700 and the valve engagement portion 1777 are 

positioned in preparation for engagement and such that the prosthetic valve 1700, the valve 

engagement portion 1777 and the annulus are concentic.  

[001691 In some embodiments, for ease of manipulating the valve positioning device 

1792, with the tether 1736 held taut, a proximal portion of the tether 1736 can be locked in 

place relative to the alignment member 1776 using the locking device 1795. Alternatively, 

the operator can manually maintain the tether 1736 in a taut condition while positioning the 

valve engagement portion 1777 and the inner sheath 1779 relative to the prosthetic valve 

1700. With the tether 1736 pulled taut and/or locked in a fixed position relative to the 

alignment member 1776, the connecting portion and a portion of the strut portion of the valve 

1700 can remain within the valve engagement portion 1777 of the alignment member 1776 

while the inner sheath 1779 is moved distally into compressing engagement with the valve 

engagement portion 1777 as described for the previous embodiment. With the innersheath 

1779 partially collapsing orcompressing 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 in 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. Aiternatively, after the alignment member 1776 and inner 

sheath 1779 have engaged the valve 1700, the need to maintain the tether 1736 in a taut or 

fixed position relative to the alignment member 1776 may no longer exist. 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 1, the outer body member 1794 of the valve 

positioning device 1792 is maintained outside of the heart - and does not enter the apex Ap.  

[001701 In some embodiments, the outer sheath 1797 can be adjustable such that it can 

be extended any suitable distance from the distal end of the outer body member 1794 to 

accommodate a variety of heart sizes while also minimizing the extension distance of the 

outer sheath 1797 from the outer body member 1794. For example, in some 

ariplementations, 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 to a desired 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 to the outer body member 1794. For example, 

in some cases, the outer sheath 1797 can be moved distally out of the lumen of the outer body 

member 1794 such that the outer sheath 1797 extends a distance of about 2 to about 3 cm 

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

[00171] In some embodiments, the outer sheath 1797 is not adjustable relative to 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 integrally or monolithically with each 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 outersheath 1797 within the heart 11 

can be more easily controlled 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' described above, the outer sheath 

1797 can be sized to extend any suitable distance proximally within the outer body member 

1794.  

[001721 Although the outer sheath 1797 is described above as being initially extended 

such that a distal end of the outer sheath 1797 is inserted through the left ventricle LV, 

through the annulus, and into the left atrium LA before the inner sheath 1779 is pushed distal 

of the outer sheath 1797, the distal end of the outer sheath 1797 can be positioned in any 

suitable position in the heart H for the extension of the inner sheath 1779 from the outer 

sheath 1797. For example, the distal end of the outer sheath 1797 can be positioned in the 

left ventricle LV or the annulus when the inner sheath 1779 is extended from the outer sheath 

1797.  

[00173] With the prosthetic valve 1700, the alignment member 1776, the inner sheath 

1779, and the annulus in the concentric alignment shown in FIG. 60, the valve positioning 

device 1792 can be used to move and position the prosthetic valve 1700 within the annulus in 

a slow and controllable manner. For example, during the deployment of the prosthetic valve 

1700, the valve positioning device 1792 can help rotate the prosthetic valve 1700 to achieve a 

desired anatomical orientation. The valve positioning device 1792 can also be used to push 

the prosthetic valve 1700 distally or toward the annulus in the case of the prosthetic valve 

1700 being deployed 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 device 1792 relative to the tether 1736. The inner 

sheath 1779 can be pulled proximally relative to the alignment member 1776, releasing the 

compression on the valve engagement portion 1777 of the alignment member 1776. The 

alignment member 1776 can be pulled proximally relative to the inner sheath 1779 until the 

alignment member 1776 is in the collapsed or unexpanded position within the inner sheath 

1779. The inner 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 tether 1736), and the delivery sheath 

1726 can also be pulled back out of the heart. In some embodiments, the inner sheath 1779 

containing the alignment member 1776 is retracted into the outer sheath 1797 andior out of 

the apex Ap before removing the outer sheath 1797 from the heart i, In other embodiments, 

the outer sheath 1797 can be removed from the heart 1- before removing the inner sheath 

1779 containing the alignment member 1776 from the heart H.  

100174] FIGS. 61 and 62 illustrate another device that can be used in positioning a 

prosthetic valve similarly to the valve positioning devices described above. FIG. 61 is a 

schematic illustration of a side view of a prosthetic valve positioning device 1892 in a first 

position and FIG. 62 illustrates the prosthetic valve positioning device 1892 in a second 

position. The prosthetic valve positioning device 1892 (also referred to herein as "valve 

positioning device" or "positioning device") includes an outer sheath 1879 and an alignment 

member 1876, with the outer sheath 1879 shown in see-through in FIG. 61. Similar to the 

outer sheaths described above, the outer sheath 1879 can be a steerable sheath. The 

alignment member 1876 is movably disposed within a lumen (not shown) of the outer sheath 

1879. In this embodiment, the alignment member 1876 includes an elongated member 1898 

and a valve engagement portion 1877 extending from the distal end of the elongated member 

1898. The valve engagement portion 1877 includes a snare portion 1899 shaped as a loop.  

In some embodiments, the snare portion 1899 of the valve engagement portion 1877 can have 

a gooseneck shape. For example, the alignment member 1876 can be an Amplatz 

GooseNeck" Snare or Anplatz GooseNeck Microsnare, such as is shown in FIG. 63. In 

some embodiments, the elongated member 1898 is shaped as a microcatheter or a tube and 

includes a lumen (not shown). In such embodiments, the snare portion 1899 can be coupled 

to or formed with an elongated wire 1893 that is movably disposed withinthe lumen of the 

elongated member 1898 as shown in FIG. 63. In other embodiments, theelongated member 

1898 can be shaped as a wire and the snare portion 1899 can be coupled directly thereto.  
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[00175] As with previous embodiments, the valve positioning device 1892 is 

configured to engage with and be used to position a prosthetic valve 1800. The prosthetic 

valve 1800 can be substantially similar in structure and fiction to the prosthetic valves 

described herein. For example, the prosthetic valve 1800 can include an outer frame similar 

in structure and fiction to outer frame assembly 510 described above withreference to FIG.  

7 and an inner frame similar in structure and faction to the inner frame 550 described above 

with reference to FIG. 10. The prosthetic valve 1800 can be delivered to the heart as 

described above for previous embodiments. For example, the prosthetic valve1800 can be 

placed in the distal end of a delivery sheath and the delivery sheath can be introduced through 

a femoral vein puncture and extended through the inferior vena cava, into the right atrium, 

and then through a transseptal puncture of the septum of the heart, and into the left atrium of 

the heart.  

[00176] Specifically, for example, the prosthetic valve 1800 includes a strut portion 

1843 which includes multiple struts, such as strut 1843A. The strut portion 1843 can be 

substantially similar in structure and function to the strut portion 543 described above with 

reference to FIG.7, The prosthetic valve 1800 also includes a connecting portion 1844 that 

can be substantially similar in structure arid function to the connecting portion 544 described 

above with reference to FIGS. 10-12. Additionally, a tether 1836 is coupled to the 

connection portion 1844. The tether 1836 is substantially similar in structure and function to 

the tethers described above. In this embodiment, as shown in FIG. 57, the tether 1836 can 

extend through the snare portion 1899 of the valve engagement portion 1877 and through the 

lumen of the outer sheath 1879.  

1001771 The valve engagement portion 1877 is extendable from an undeploved 

configuration (not shown) when disposed within the lumen of the outer sheath 1879 to a 

deployed configuration when disposed outside of the outersheath 1879,as shown in FIG. 61.  

In some embodiments, the undeployed configuration of the valve engagement portion 1877 

can be a collapsed configuration where the valve engagement portion 1877 is bent, squeezedl 

or otherwise reduced in diameter to fitinto the lumen of the outer sheath 1879. The valve 

engagement portion 1877 can be fomined with a shape-nemory material and have a biased 

expanded or deployed configuration such that the valve engagement portion 1877 

automatically expands as it is moved out of the lumen of the outer sheath 1879.  

Alternativelyv 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 outer sheath 1879 and outside of the 

outer sheath 1879 (e.g., about 90°) as a result of having a smaller diameter than the lumen of 

theouter sheath 1879.  

[001781 The valve engagement portion 1877 of the aignment member 1876 is shaped 

and sized such that, in the expanded or deployed configuration, the snare portion 1899 of the 

valve engagement potion 1877 can surround and engage with a position of the outer frame of 

the prosthetic valve 1800. As shown in FIG. 61 the alignment member 1876 has been 

extended along the tether 1836 relative to the outer sheath 1879 into engagement with the 

valve 1800. In this position, the snare portion 1899 of the valve engagement portion 1877 is 

engaged with the valve 1800 and the tether 1836 is pulled taut in the direction of arrow EE.  

As shown in FIG. 621 the movement of the valve engagerent portion 1877 in the direction of 

arrow FF into engagement with the prosthetic valve 1800 causes the prosthetic valve 1800 to 

compress. The biased outward force of the prosthetic valve 1800 on the valve engagement 

portion 1877 (i.e., snare portion 1899) results in a secure engagement between the prosthetic 

valve 1800 and the valve engagement portion 1877. As a result, the alignment member 1876 

can be used to move/position the prosthetic valve 1800 in a slow and controllable manner 

into an annulus of a 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 

collapse the prosthetic valve 1800 to various sizes, as shown in FIG. 62, to allow at least a 

portion of the prosthetic valve 1800 to be moved into the left ventricle for deployment below 

the mitral annulus.  

[00179] In use, the valve positioning device 1892 of FiS. 61-62 can be operated 

sinilarly to the valve positioning device described above. After the prosthetic valve 1800 has 

been at least partially deployed outside a delivery sheath in the left atrium and the tether 1836 

is extended outside of the heart, the tether 1836 can be threaded or inserted through the valve 

engagement portion 1877 (i.e., snare portion 1899) of the alignment member 1876 and 

through the outer sheath 1879. With the alignment member 1876 within the outer sheath 

1879, the outer sheath 1879 and the alignment member 1876 can be inserted 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.e., snare portion 1899) exits the lumen 

of the outer sheath 1879 and can assume its deployed expanded configuration. The valve 

engagement portion 1877 can be inserted through the left ventricle, through the annulus, and
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into the left atrium, Alternatively, the outer sheath 1879 and the alignment member 1876 can 

be inserted through the left ventricle, through the annulus, and into the left atrium before the 

valve engagement portion 1877 of the alignment member 1876 is extended distally outside of 

the lumen of the outer sheath 1879. The outer sheath 1879 and/or the alignment member 

1876 at this point in the delivery procedure can be used, for example, to prevent the 

prosthetic valve 1800 from enteringinto the left ventricle too early or too deep.  

[00180] When the prosthetic valve 1800 has partially deployed or has transitioned into 

its expanded or deployed configuration, the alignment member 1876 and the tether 1836 can 

be manipulated or moved to cause the valve engagement member 1877 to engage with the 

valve 1800. For example, the tether 1836 can be pulled taut proximally toward the operator 

while the alignment member 1876 is moved distally such that the valve engagement portion 

1877 (i.e snare portion 1899) compresses and securely engages with the prosthetic valve 

1800.  

[00181] In some embodiments, for even more secure engagement, with the tether 1836 

held taut, a proximal portion of the tether 1836 can be locked in place relative to the 

alignment member 1876 using a locking device (not shown). Altemativelv, the operator can 

manually maintain the tether 1836 in a taut condition while positioning the prosthetic valve 

1800. With the tether 1836 pulled taut and/or locked in a fixed position relative to the 

alignment 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, proximally and/or rotationally to position the valve 1800 

in a desired position within the annulus.  

[001821 In some embodiments, the snare portion 1899 of the valve engagement portion 

1877 can have an adjustable diameter in order to adjust the tightness of the valve engagement 

portion 1877 around the valve 1800, or to accommodate 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 into a tube of the alignment member 1876 

in a manner similar to a slip knot or lasso.  

[00183] With the prosthetic valve 1800 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 in aslow 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 orientation. The alignment 

member 1876 can also be used to push the prosthetic valve 1800 distally or toward the 

annulus in the case of the prosthetic valve 1800 being deployed too low. Additionally, in 

embodiments where the outer sheath 1879 is steerable, the outer sheath 1879 can be 

manipulated to further control the movement and angular position of the prosthetic valve 

1800. When the prosthetic valve 1800 is in the desired position and orientation within the 

annulus, the tether 1836 can be unlocked from the alignent member 1876, and the 

alignment member 1876 and the outer sheath 1879 can be pulled out through the apex(e.g.  

along the tether 1836).  

1001841 FIGS. 64-68 illustrate another device that can be used in positioning a 

prosthetic valve similarly to the valve positioning devices described above. A prosthetic 

valve positioning device 1992 (also referred to herein as "valve positioning device" or 

"positioning device") includes an alignment member 1976 operatively coupled to handle 

assembly 1911. 'The alignment member 1976 can be tubular and defme a lumen (not shown) 

and can be configured the same as or similar to the stopper tube 1376 described above. The 

valve positioning device 1992 includes a tether locking device 1995 and an actuator 1915 

disposed on the handle assembly 1911. The locking member 1995 can be, for example, a 

pinning device used to pierce through a tether 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 types of tether locking devices can 

alternatively be used The alignment member 1976 is movably and operatively coupled to 

the actuator 1915 such that when the actuator is actuated, the alignment member 1976 can be 

moved longitudinally relative to the handle assenibl 1911. In other words, during use the 

actuator 1915 can be used to move the alignment member 1976 proximally or distally as 

described in more detail below.  

100185] As with the previous embodiments, the alignment member 1976 of the valve 

positioning device 1992 can be insertedthrough the apex of the heart and used to assist in the 

positioning of a prosthetic valve 1900 within the heart. For example, the valve positioning 

device 1992 can be used to prevent the prosthetic valve 1900 from entering the left ventricle 

prior to delivering the prosthetic valve 1900 to the annulus 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 annulus of the mitral valve. In some embodiments, the 

alignment member 1976 can be introduced into the heart through a procedural catheter (not 

shown in FIGS, 64-68) as described above, for example with reference to FIG. 51B.  

[001861 As previously described, after the prosthetic valve 1900 has been delivered to 

a left atrium of a heart and reverts back to a non-inverted expanded configuration, the tether 

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

64. More specifically, the tether 1936 can be threaded or inserted through a luren (not 

shown) of the alignment member 1976, and through an interior of the handle assembly 1911 

and the locking device 1995. The alignment member 1976 can then be inserted through the 

apex of the heart (or through a procedural catheter inserted through the apex of the heart) and 

a distal end of the alignment member 1976 can be inserted through the left ventricle through 

the annulus, 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 early or too deeply.  

1001871 When the prosthetic valve 1900 has partially deployed or has transitioned into 

its expanded or deployed 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 then pinned to the handle assembly 1911 with the locking device 1995.  

With the tether 1936 pinned to the handle assembly 1911, the tether 1936 and prosthetic 

valve 1900 will not be able to move relative to the handle assembly 1911. In this 

embodiment, to move the alignment member 1976 distally, the user (e.g, physician) can 

actuate the actuator 1915 to cause the alignment member 1976 to move distally. In this 

embodiment, the actuator 1915 includes a rotatable advancement knob as shown in FIG. 64.  

Thus, the user rotates the advancement knob 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 544 described above with reference to FIGS. 10-12) is in 

contact with the distal end of the alignment member 1976 as shown in FIGS. 64 and 65.  

1001881 By continuing to turn the advancement knob (i.e., actuator 1915), the 

aligment member 1976 is advanced distally over the prosthetic valve as shown in the 

progression of the alignment member 1976 in FIGS. 65-68. 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; in FIG. 6T, 
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the distal end of the alignment member 1976 is at a location C relative to the valve 190 and 

in FIG. 68, the alignment member 1976 is at a location D relative to the valve 1900, where D 

is distalist of B a distalofBandBisdistal of A. As stated above, due to the tether 1936 

being pinned or locked to the handle assembly 1911 and the tether 1900 being attachedtothe 

valve 1900, 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 1900, partially collapsing the valve 1900.  

[00189] The valve positioning device 1992 can then be used to move and position the 

prosthetic valve 1900 within the annulus of the heart. For example, the alignment member 

1976 and the prosthetic valve 1900 can be moved together (e.g., rotated, moved 

distally/proximally, moved posteriorly/anteriorly). The delivery sheath (not shown in FIGS.  

64-68) used to deliver the prosthetic valve 1900 to the left atrium of the heart, can also be 

moved forward or further within the left atrium to help tilt the prosthetic valve 1900 toward 

the annulus, to for example, place the prosthetic valve 1900, the alignment member 1976 and 

the annulus in a concentric position relative to each other. With the prosthetic valve 1900, 

the alignment member 1900 and the annulus in a concentric alignment, the valve positioning 

device 1992 can be used to move and position the prosthetic valve 1900 with the annulus in a 

slow and controllable manner. When the prosthetic valve 1900 is in the desired position and 

orentation within the annulus, the tether 1936 can be unlocked from the valve positioning 

device 1992 and the alignment member 1976 of the valve positioning device 1992 can be 

pulled out through the apex (orout through the procedural catheter), 

1001901 FIGS. 69-74 illustrate an alternative method of delivering a prosthetic valve 

within an annulus of a heart via a transfemoral delivery approach. As shown in FIG. 69, a 

procedural catheter 2022 is inserted through an apical puncture (e.g., a 5F apical puncture) in 

a ventricular vall at the apex Ap of the heart H. A guide wire 2023 is inserted through a 

lumen (not shown) of the procedural catheter 2022 and extended through the left ventricle 

LV, through a mitral valve gap and into the left atrium LA. A delivery sheath 2026 is 

Introduced through a femoral vein puncture and extended through the inferior vena cava, into 

the right atrium, and then through a transsepta pumicture of the septum Sp of the heart H, and 

into the left atrium 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 guide wire 2023, as 
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showninFIG.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 outside 

the femoral vein and a proximal end of the guide wire 2023 is disposed through the 

ventricular wall at the apex Ap of the heart l, as shown in FIG. 70. Although not shown in 

FIGS. 69 and 70, the procedural catheter 2022 is disposed outside the patient's body, the 

distal end of the guide wire 2023 extends outside the fernoral 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 to the left atrium of the heart and then snaring the guide wire 2023 using the 

snare device 2028, in alternative embodiments, the guide wire 2023 can be delivered to the 

left ventricle LV and the snare device 2028 and delivery sheath 2026 can be inserted through 

the imitral annulus and into the left ventricle LV to grab or snare the guide wire 2023 as 

described above.  

100191] After the guide wire 2023 has been extended between the apex Ap and the 

access site to the femoral vein, the delivery sheath 2026 can be removed A leader tnbe 2024 

is loaded over the guide wire 2023 starting outside the heart (and outside the procedural 

catheter 2022) arid exiting the femoral vein at the femnoral puncture site as shown in FIG. 71.  

As shown in FIG. 71, the leader tube 2024 includes a balloon dilator member 2046 that is 

inserted into a distal end of the delivery sheath 2026 and disposed partially over a distal end 

portionof theprosthetic 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 inflated or otherwise moved to an expanded configuration as shown in FIG, 71, 

Also shown in FIG 71, a pusher 2038 is disposed within the lumen of the delivery sheath 

2026 and can be used to move or push the prosthetic valve into the left atrium LA. as 

described in more detail 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 in FIGS. 71-73, the procedural catheter 2022 remains inserted into the left ventricle 

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

1001921 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 delivery sheath 2026 in FIG,71) can be disposed in an inverted configuration within the 

delivery sheath 2026 to reduce the overall outer perimeter of the prosthetic valve 2000. A
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tether2036 is coupled to a distal end portion of the prosthetic valve 2000 (see FIGS. 73 and 

74). 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 

nenber can have a tapered distal end to aid in the insertion and rnaneuvering of the valve 

leader member through the leader tube 2024, The valve leader member can be attached at a 

proximal end portion of the tether 2036, which is 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 with 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 it is coupled to the valve 

2000.  

100193] Thedelivery sheath 2026 can then be inserted through the femoral puncture 

site and moved through the femoral vein, through the inferior vena cava, into the right atnum, 

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 in FIG. 72. The dilator 

balloon member 2046 can provide a smooth lead-in to assist inmaneuvening the distal end of 

the delivery sheath 2026 through the femoral vein and within the heart. Although the 

delivery sheath 2026 is 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 is used to deliver the valve 2000.  

1001941 With the distal end of the delivery sheath 2026 within the left atrium LA, the 

leader tube 2024 can be removed through the apex Ap, leaving the tether 2036 extended 

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 to 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 end of 

the delivery sheath 2026 and within the left atrium LA of the heart as shown in FIG. 73. As 

the valve exits the distal end of the delivery sheath 2026 the valve 2000 can revert and return 

to its original undeformed shape as described above, for example, for valve 200. For 

example, the valve 2000 can be formed with a shape-memory material and can have a biased 
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undeformed shape and can be manipulated and/or deformed (e.g., compressed and/or 

expanded) and, when released, return to 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 similar 

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

[00195] As shown in FIG. 73, the tether 2036 extends from the valve 2000 through the 

apical puncture and outside the patient's body. As the delivery sheath 2026 is advanced, the 

tether 2036 can optionally be pulled at the apex end to help move the delivery sheath 2026 

with the valve 2000 disposed therein, through the femoral vein, through the septal puncture 

and into the left atrium LA. The valve 2000 can then be fully deployed within the left atrium 

LA, as shown in 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 is pulled out of the lumen of the 

delivery sheath 2026 and disposed within the left atrium LA.  

[00196] In some embodiments, the pusher 2038 can also be used to aid in positioning 

the valve 2000 in a desired radial orientation within the left atrium LA. For example, the 

pusher device 2038 can define an internal lumen (not shown) that can be placed over an inner 

frame portion of the valve 2000 to hold the inner frame portion in a small diameter, which 

can help enable the valve 2000 to be positioned in a desired radial orientation and be seated 

within the annulus of the mitral valve. Further examples of such a valve assist device are 

described above with reference to FIGS. 29-31.  

1001971 As shown in FIG. 74, as the valve 2000 is deployed within the left atrium LA, 

the valve 2000 is allowed to assume its biased expanded or deployed 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 in the 

native mitral annulus and minimize perivalvular leaks. An epicardial pad device 2039 (as 

described above) can be used to secure the tether 2036 and valve 2000 in position within the 

mitral annulus. In some embodiments, a positioning device (not shown) can be used to help 

position the valve 2000 as previously described. 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 mitral valve apparatus 

and/or the ventricular wall of the heart. In some embodiments, a valve positioning device 

(e.g.,1376, 1392, 1492, 1592, etc.) as described above, can be used to assist in positioning 

the valve 2000 within the mitral annulus.  
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[00198] FIG. 75 is a flowchart illustrating a method of delivering and deploying a 

prosthetic mitral valve within a heart using a transfemoral delivery approach. The method 

includes at 2180. inserting a distal end portion of a procedural catheter through a puncture 

site at the apex of the heart, and positioning the distal end within the left ventricle of heart.  

At 2181, a guide wire is inserted through procedural catheter and a distal end of the guide 

wire is moved into the left atrium of the heart. At 2182, a distal end portion of the guide wire 

is captured with a snare and pulled through a delivery sheath and out the femoral vein as 

described above with reference to FIGS. 69-74. At2183, a leader tube is moved or run over 

the guide wire from outside the apex, through the heart and out the fenoral vein puncture 

site. At 2184, the guide wire can be removed through the apex puncture site on the heart. At 

2185, the nose cone of a balloon dilator member on the leader tube can be inflated.  

[00199] At 2186, the delivery sheath with a prosthetic valve disposed therein in an 

inverted configuration, along with the leader tube are moved through the femoral vein and 

into 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 deployed into the leftatrium of the 

heart such that prosthetic valve reverts and assumes a biased expanded configuration. At 

2189, the prosthetic valve is positioned within the native mitral annulus, the procedural 

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

100200] While various embodiments have been described above, it should be 

understood that they have been presented byway of example only, and not limitation. Where 

methods described above indicate certain events occuring in certain order, the ordering of 

certain events may be modified. Additionally, certain of the events may be performed 

concurrently in a parallel process when possible, as well as performed sequentially as 

described above 

100201] Where schematics and/or embodiments described above indicate certain 
components arranged in certain orientations or positions, the arrangement of components may 
be modified. While the embodiments have been particularly shown and described, it will be 
understood that various changes in form and details may be made. Any portion of the 
apparatus and/or methods described herein may be combined in any combination, except 
mutually exclusive combinations. The embodiments described herein can include various 
combinations and/or sub-combinations of the functions, components, and/or features of the 
different embodiments 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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