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EXPANDABLE RADIOPAQUE MARKER FOR

TRANSCATHETER AORTIC VALVE IMPLANTATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of United

States Provisional Patent Application Serial No. 61/512,490,

filed July 28, 2011, entitled "Expandable Radiopaque Marker

for Transcatheter Aortic Valve Implantation, " the disclosure

of which is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention is related to prosthetic heart

valve replacement, and more particularly to devices, systems,

and methods for transcatheter delivery of collapsible

prosthetic heart valves.

[0003] Prosthetic heart valves that are collapsible to a

relatively small circumferential size can be delivered into a

patient less invasively than valves that are not collapsible.

For example, a collapsible valve may be delivered into a

patient via a tube-like delivery apparatus such as a catheter,

a trocar, a laparoscopic instrument, or the like. This

collapsibility can avoid the need for a more invasive

procedure such as full open-chest, open-heart surgery.

[0004] Collapsible prosthetic heart valves typically take

the form of a valve structure mounted on a stent. There are

two types of stents on which the valves structures are

ordinarily mounted: a self-expanding stent and a balloon-

expandable stent. To place such valves into a delivery

apparatus and ultimately into a patient, the valve must first

be collapsed or crimped to reduce its circumferential size.

[0005] When a collapsed prosthetic valve has reached the

desired implant site in the patient (e.g., at or near the

annulus of the patient's heart valve that is to be replaced by

the prosthetic valve) , the prosthetic valve can be deployed or

released from the delivery apparatus and re-expanded to full



operating size. For balloon-expandable valves, this generally

involves releasing the entire valve, assuring its proper

location, and then expanding a balloon positioned within the

valve stent. For self-expanding valves, on the other hand,

the stent automatically begins to expand as the sheath

covering the valve is withdrawn.

[0006] In conventional delivery systems for self-expanding

aortic valves, for example, after the delivery system has been

positioned for deployment, the annulus end of the valve is

typically unsheathed and expanded first, while the aortic end

of the valve remains sheathed. Once the annulus end of the

valve has expanded, it may be determined that the valve needs

to be repositioned in the patient's aortic annulus. To

accomplish this, a user (such as a surgeon or an

interventional cardiologist) typically resheathes the annulus

end of the valve, so that the valve can be repositioned while

in a collapsed state. After the valve has been repositioned,

the user can again release the valve.

[0007] Once a self-expanding valve has been fully deployed,

it expands to a diameter larger than that of the sheath that

previously contained the valve in the collapsed condition,

making resheathing impossible, or difficult at best. In order

for the user to be able to resheathe a partially-deployed

valve, a portion of the valve must still be collapsed inside

of the sheath.

[0008] Despite the various improvements that have been made

to the collapsible prosthetic heart valve delivery process,

conventional delivery devices, systems, and methods suffer

from some shortcomings. For example, in conventional delivery

devices for self-expanding valves, it may be difficult to

determine the axial and rotational orientation of the valve

relative to the patient's aortic annulus. Some conventional

delivery systems include radiopaque markers permanently

attached to the valve stent, but such markers may be expensive



and may become detached from the implant during or after

implantation, which may cause a risk of embolism.

[0009] There therefore is a need for further improvements

to the devices, systems, and methods for transcatheter

delivery of collapsible prosthetic heart valves, and in

particular, self-expanding prosthetic heart valves. Among

other advantages, the present invention may address one or

more of these needs.

BRIEF SUMMARY OF THE INVENTION

[0010] A delivery device for a collapsible prosthetic heart

valve, a marker cage for use in deployment of a collapsible

prosthetic heart valve, and a method of determining the

position of a collapsible prosthetic heart valve in a patient

are disclosed.

[0011] A delivery device for a collapsible prosthetic heart

valve may include may include a support shaft around which a

compartment is defined, a distal sheath adapted to selectively

cover and uncover the compartment and the valve, a marker cage

having a collapsed condition when the distal sheath covers the

compartment and an expanded condition when the compartment is

uncovered, and at least one radiopaque marker on the marker

cage. The compartment may be adapted to receive the valve in

an assembled condition. The marker cage may be adapted to

engage the valve in the assembled condition.

[0012] Each radiopaque marker may include a material

selected from the group consisting of gold, platinum, nitinol,

and combinations thereof. The marker cage may be formed from

a memory material tube having an aperture extending

therethrough. The marker cage may have a first end fixedly

connected to the support shaft and at least one rib having a

fixed end connected to the first end. The marker cage may

have a second end slidably connected to the support shaft, and

the at least one rib may have another end connected to the

second end. The marker cage may have a second end fixedly



connected to the support shaft, and the at least one rib may

have another end connected to the second end. The at least

one rib may have a free end opposite the fixed end.

[0013] Substantially all of the at least one rib may be

radiopaque or may be surrounded by a radiopaque material. The

at least one rib may be adapted to be engaged between adjacent

leaflets of the valve in the assembled condition. The

prosthetic heart valve may include a tissue cuff having a

longitudinal axis, and the at least one marker may be adapted

to be oriented substantially parallel to the longitudinal axis

in the assembled condition. The marker cage may have an

expanded diameter that is greater than an expanded diameter of

the prosthetic heart valve. The marker cage may include a

plurality of ribs disposed around a longitudinal axis of the

support shaft, each rib having at least one radiopaque marker,

the radiopaque markers being positioned equidistant ly from the

longitudinal axis in an expanded condition of the marker cage.

[0014] The at least one rib may have first and second legs.

The first leg may have one end connected to the first end of

the marker cage and another end. The second leg may have a

first end connected to the another end of the first leg and a

second end. The second leg may extend substantially parallel

to the support shaft when the marker cage is in the expanded

condition. The marker cage may have a second end slidably

connected to the support shaft. The at least one rib may

further include a third leg having one end connected to the

second end of the second leg and another end connected to the

second end of the marker cage. The first and third legs of

the at least one rib may extend in substantially opposite

transverse directions to the support shaft when the marker

cage is in the expanded condition.

[0015] A marker cage for use in deployment of a collapsible

prosthetic heart valve may include a first end, at least one

rib having one end connected to the first end, and at least

one radiopaque marker. The marker cage may have a collapsed



condition and an expanded condition. The marker cage may be

adapted to engage the valve in an assembled condition.

[0016] Each radiopague marker may include a material

selected from the group consisting of gold, platinum, nitinol,

and combinations thereof. The marker cage may be formed from

a memory material tube having an aperture extending

therethrough. The marker cage may further include a second

end, the at least one rib having another end connected to the

second end. The at least one rib may have a free end opposite

the one end. Substantially all of the at least one rib may be

radiopaque or may be surrounded by a radiopaque material. The

marker cage may have an expanded diameter that is greater than

an expanded diameter of the prosthetic heart valve. The

marker cage may include a plurality of ribs disposed around a

longitudinal axis, each rib having at least one radiopaque

marker, the radiopaque markers being positioned equidistantly

from the longitudinal axis in an expanded condition of the

marker cage.

[0017] The at least one rib may have first and second legs.

The first leg may have one end connected to the first end of

the marker cage and another end. The second leg may have a

first end connected to the another end of the first leg and a

second end. The second leg may extend substantially parallel

to a longitudinal axis of the marker cage when the marker cage

is in the expanded condition. The marker cage may have a

second end. The at least one rib may further include a third

leg having one end connected to the second end of the second

leg and another end connected to the second end of the marker

cage. The first and third legs of the at least one rib may

extend in substantially opposite transverse directions to the

longitudinal axis when the marker cage is in the expanded

condition .

[0018] A method of determining the position of a

collapsible prosthetic heart valve in a patient may include

providing a delivery device including a support shaft around



which a compartment is defined, a distal sheath adapted to

selectively cover and uncover the compartment, and a marker

cage including at least one radiopaque marker and having a

collapsed condition when the distal sheath covers the

compartment and an expanded condition when the compartment is

uncovered. The collapsible prosthetic heart valve may be

mounted in the compartment so that the marker cage is

positioned within the valve. The distal sheath may then be

slid to cover the compartment and the valve, and to maintain

the marker cage in the collapsed condition. The delivery

device may be inserted into the patient. The delivery device

may then be positioned so that the valve is positioned at a

target location within the patient. The valve may be

partially deployed by sliding the distal sheath to partially

uncover the compartment and the valve. The position of the at

least one marker relative to a native valve annulus of the

patient may then be determined. The valve may be fully

deployed by continuing to slide the distal sheath to fully

uncover the valve, whereupon the marker cage will be in the

expanded condition. Subsequently, the marker cage may be

compressed to the collapsed condition by sliding the distal

sheath to at least partially cover the compartment and the

marker cage.

[0019] The marker cage may have a first end fixedly

connected to the support shaft and at least one rib having a

fixed end connected to the first end. The marker cage may

include a plurality of ribs disposed around a longitudinal

axis of the support shaft. Each rib may have at least one

radiopaque marker. The radiopaque markers may be positioned

equidistantly from the longitudinal axis in an expanded

condition of the marker cage. The steps of partially

deploying and fully deploying may include expanding the marker

cage with each rib positioned between adjacent leaflets of the

valve. The compressing step may include compressing the

marker cage during a portion of the heart beat cycle when



blood is flowing through the leaflets of the valve. The

prosthetic heart valve may include a tissue cuff having a

longitudinal axis. The steps of partially deploying and fully

deploying may include expanding the marker cage with the at

least one marker oriented substantially parallel to the

longitudinal axis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Various embodiments of the present invention will

now be discussed with reference to the appended drawings. It

is appreciated that these drawings depict only some

embodiments of the invention and are therefore not to be

considered limiting of its scope.

[0021] FIG. 1A is side elevational view of the distal

portion of one embodiment of a transapical delivery device for

a collapsible prosthetic heart valve according to the present

invention;

[0022] FIG. IB is an enlarged side elevational view of a

portion of the delivery device of FIG. 1A, with the valve

removed to illustrate the interior of the device;

[0023] FIG. 1C is a perspective view of a collapsible

prosthetic heart valve suitable for use in the delivery device

of FIG. 1A;

[0024] FIG. 2A is a highly schematic perspective view of an

expandable cage portion of the delivery device of FIG. 1A,

shown in a collapsed condition;

[0025] FIG. 2B is a highly schematic perspective view of

the expandable cage of FIG. 2A, shown in an expanded

condition;

[0026] FIG. 3A is an enlarged highly schematic perspective

view of the expandable cage of FIG. 2A engaged in the

collapsible prosthetic heart valve of FIG. 1C, shown in an

expanded condition;

[0027] FIG. 3B is an enlarged highly schematic end view of

the expandable cage and collapsible prosthetic heart valve of



FIG. 3A, with portions removed to illustrate the engagement

between the cage and the valve;

[0028] FIG. 4 is a side elevational view of the distal

portion of another embodiment of a transapical delivery device

for a collapsible prosthetic heart valve according to the

present invention;

[0029] FIG. 5 is a side elevational view of the distal

portion of one embodiment of a transfemoral delivery device

for a collapsible prosthetic heart valve according to the

present invention;

[0030] FIG. 6 is a side elevational view of the distal

portion of another embodiment of a transfemoral delivery

device for a collapsible prosthetic heart valve according to

the present invention;

[0031] FIG. 7 is a side elevational view of the distal

portion of yet another embodiment of a transfemoral delivery

device for a collapsible prosthetic heart valve according to

the present invention; and

[0032] FIG. 8 is a side elevational view of the distal

portion of still another embodiment of a transfemoral delivery

device for a collapsible prosthetic heart valve according to

the present invention.

DETAILED DESCRIPTION

[0033] As used herein, the terms "proximal" and "distal"

are to be taken as relative to a user (e.g., a surgeon or an

interventional cardiologist) of the disclosed delivery

devices. "Proximal" is to be understood as relatively close

to the user and "distal" is to be understood as relatively

farther away from the user.

[0034] Referring first to FIG. 1C, a collapsible prosthetic

heart valve 1 includes a stent portion 2 comprising stent

members 3 having a plurality of spaces 4 therebetween. The

stent portion 2 includes an annulus portion 10 proximate one

end 5 thereof, and an outwardly flaring aortic portion 11



proximate the other end 6 thereof. A tissue cuff 7 extends

about the inner circumference of the annulus portion 10, and

three leaflets 8 extend inwardly from the tissue cuff 7 , with

their free edges in coapting relationship. The end 6 of the

stent portion 2 has a plurality of retention members 9

extending from junctions of adjacent stent members 3 and

adapted to engage with acceptances in the valve delivery

device, as will be described below.

[0035] Referring to FIG. 1A, an exemplary transapical

delivery device 13 for the collapsible prosthetic heart

valve 1 extends from an atraumatic tip 14 at the distal end of

the device to a proximal end (not shown) , and includes a

catheter assembly 16 for delivering the heart valve to and

deploying the heart valve at a target location. The catheter

assembly 16 is adapted to receive the collapsible prosthetic

heart valve 1 in an assembled condition in a compartment 23

defined around a support shaft 21. A distal sheath 24 is

operable for sliding movement between a closed position

covering the prosthetic heart valve 1 and maintaining it in a

collapsed condition, and an open position for deployment of

the valve.

[0036] The support shaft 21 extends between a pair of

spaced retainers 25 and 27 affixed thereto and defining the

ends of the compartment 23. The retainer 25 is adapted to

receive the retention members 9 of the prosthetic heart

valve 1 so as to hold the aortic end of the heart valve in

assembled relationship with the delivery device 13. The

delivery device further includes an outer shaft 22, the distal

end of which is connected to the retainer 27, and the proximal

end of which can optionally be connected to a hub (not shown)

that can be held by a user when sliding the distal sheath 24

relative to the support shaft 21. An inner shaft 26 extends

from the proximal end of the delivery device through the outer

shaft 22 and the support shaft 21 for connection to the

atraumatic tip 14.



[0037] The distal sheath 24 surrounds the support shaft 21

when the distal sheath is in the closed position, and is

slidable relative to the support shaft such that it can

selectively cover or uncover compartment 23. The distal

sheath 24 is connected at its distal end to the atraumatic

tip 14, such that sliding movement of the inner shaft 26

controls the movement of the distal sheath both proximally and

distally. A proximal edge 29 of the distal sheath 24 abuts

the retainer 27 when the distal sheath is in the closed

position fully covering the compartment 23. The proximal

edge 29 is spaced apart from the retainer 27 when the

compartment 23 is at least partially uncovered, as shown in

FIG. 1A.

[0038] A marker cage 30 is located circumf erentially about

the support shaft 21 and is operable for movement between a

collapsed condition inside of distal sheath 24 when the distal

sheath is in the closed position, and an expanded condition

when the distal sheath is in the open position at least

partially uncovering the compartment 23. The marker cage 30

is adapted to radially expand along with and inside of the

annulus portion 10 of the prosthetic heart valve 1 . The

marker cage 30 includes a plurality of ribs 33 joined at their

proximal ends to a tubular ring 31, and at their distal ends

to a tubular ring 32. Rings 31 and 32 extend around the

circumference of the support shaft 21. The ring 32 may be

fixed relative to the support shaft 21 and the retainer 25,

while the ring 31 may be slidable along the support shaft

proximally and distally during radial expanding and collapsing

of the marker cage 30, thereby permitting the distance between

the distal and proximal ends to shorten upon radial expansion

of the marker cage, and to lengthen upon radial collapsing of

the marker cage. Alternatively, the ring 31 may be fixed

relative to the support shaft 21 and the retainer 27, while

the ring 32 may be mounted for relative sliding movement along

the support shaft.



[0039] Referring now to FIG. IB, each rib 33 of the marker

cage 30 includes a proximal portion 41 adjacent the ring 31, a

distal portion 42 adjacent the ring 32, and a medial portion

44 extending between the proximal and distal portions. A

marker 34 may be formed on or around the medial portion 44 of

each rib 33, or selected ones of the ribs 33. In the

collapsed condition (e.g., as shown in FIG. 2A) , each rib 33

extends along the support shaft 21, such that the ribs may be

substantially parallel to the support shaft. In the expanded

condition, the proximal portion 41 of each rib 33 may project

away from the longitudinal axis of the support shaft 21 at an

acute angle A , the distal portion 42 of each rib may project

away from the longitudinal axis of the support shaft at an

acute angle B , and the medial portion 44 may be substantially

parallel to the support shaft. The acute angles A and B may

be approximately equal, or they may be different from one

another, for example, where the proximal portion 41 of each

rib has a different length than the distal portion 42 of each

rib, or where the marker cage 30 is constructed so that the

medial portion 44 is oriented at an angle to the support shaft

21 in the fully expanded condition.

[0040] Referring now to FIG. 2A, the marker cage 30 may be

formed from a memory material tube, such as a nitinol tube,

having an aperture 35 extending therethrough. For example, a

single memory material tube may be laser cut to remove

material, thereby creating the three ribs 33 extending between

the rings 31 and 32. In a particular embodiment, the rings 31

and 32 and the ribs 33 may be formed separately and joined

together to create the marker cage 30. The markers 34 may be

applied to the respective medial portions 44, for example, by

using a press fit of the marker onto the medial portion,

electroplating the markers onto the medial portions, using an

adhesive therebetween, or using another application mechanism.

Each marker 34 may include a material selected from the group

consisting of gold, platinum, nitinol, and combinations



thereof, or another metallic material, and may be radiopaque,

i.e., the markers may have enhanced visibility to a user under

fluoroscopy .

[0041] When the distal sheath 24 is in the closed position,

the marker cage 30 may be in the collapsed condition shown in

FIG. 2A. The marker cage 30 may be biased to take the shape

of the expanded condition shown in FIG. 2B, such that as the

distal sheath 24 moves from the closed position to the open

position, the marker cage changes shape from the collapsed

condition to the expanded condition.

[0042] Referring now to FIGS. 3A and 3B, the marker cage 30

is shown in the expanded condition engaged in the annulus

portion 10 of the collapsible prosthetic heart valve 1 . In

the expanded condition, three ribs 33 extend through the

prosthetic heart valve 1 in respective spaces between adjacent

leaflets 8 near the tissue cuff 7 . As shown, commissure

attachment material 12, such as tissue and suture bulk where

cusps of the leaflets come together, may extend between each

rib 33 and the tissue cuff 7 .

[0043] Each rib 33 preferably is located between adjacent

leaflets 8 to provide a substantially fixed location of each

marker 34 relative to the leaflets during deployment of the

prosthetic heart valve 1 , so that the axial and rotational

location of the prosthetic heart valve relative to a patient's

native annulus can be visualized using fluoroscopy. The

engagement of each rib 33 between adjacent leaflets 8 at a

substantially fixed location adjacent the tissue cuff 7 and/or

adjacent the commissure attachment material 12 may minimize

the risk of the ribs damaging the leaflets during deployment

of the prosthetic heart valve 1 due to incidental contact

between the ribs and the leaflets.

[0044] The memory bias of the marker cage 30 can be

predetermined, such that, when no force is applied to the

marker cage to obstruct radial expansion of the marker cage,

the marker cage may expand to a generally cylindrical shape



having a maximum diameter, with each marker 34 lying in the

w a l l of the cylinder. It is preferable that such maximum

diameter be equal to or greater than the fully expanded

diameter of the prosthetic heart valve 1 (i.e., the diameter

of the valve in a radially unconstrained state) . In such

event, the memory bias of the marker cage 30 will provide a

radially-outward force of the markers 34 against the tissue

cuff 7 and/or the commissure attachment material 12 at all

times before and during deployment of the valve, thereby

helping maintain the substantially fixed location of each

marker 34 relative to the leaflets 8 . In a particular

embodiment, each marker 34 can be oriented substantially

parallel to a longitudinal axis of the tissue cuff 7 .

[0045] To use the delivery device 13 to insert the

collapsible prosthetic heart valve 1 into a patient at a

desired location, the user can first load the valve into the

compartment 23 by sliding the valve over the distal sheath 24

toward the compartment 23, and then sliding the valve over the

marker cage 30 so that the ribs 33 thereof engage between the

leaflets 8 . The aortic end 6 of the valve 1 may then be

attached to the retainer 25, and the valve may be crimped to

reduce its diameter such that it fits inside of the distal

sheath 24, the crimping of the valve also radially compressing

the marker cage 30 into the collapsed condition. Examples of

suitable retainers and methods of coupling prosthetic valves

to such retainers are shown and described in United States

Patent Application Publication No. 2012/0078350, the

disclosure of which is hereby incorporated by reference

herein .

[0046] With the distal sheath 24 in the closed position,

the user can insert the catheter assembly 16 into a patient,

for example, through an incision in the apex of the patient's

heart, advancing the catheter assembly until the distal

sheath is positioned at the native annulus of the patient.

The axial and rotational position of the valve 1 relative to



the patient's native annulus can be determined by visualizing

the markers 34 using fluoroscopy. If the position of the

valve 1 is acceptable to the user, the valve may then be

deployed at the desired location by sliding the inner shaft 26

and the distal sheath 24 distally relative to the support

shaft 21 and the valve 1 mounted thereabout, so that the valve

will begin to become uncovered and to self-expand. During the

radial expansion of the valve 1 , the marker cage 30 also

radially expands, thereby moving from the collapsed condition

towards the expanded condition and maintaining the position of

the markers 34 between the leaflets 8 and adjacent the tissue

cuff 7 and/or the commissure attachment material 12, so that a

user can continue to visualize the position of the valve

during deployment. As shown in FIG. 1A, the marker cage 30

may be fully radially expanded while the valve 1 is only

partially deployed (i.e., the retention members 9 of the valve

are still engaged in the retainer 25) .

[0047] While the valve is partially deployed, fluoroscopy

may be used to determine the position of the valve 1 inside

the patient by viewing the markers 34. If a user desires to

resheathe the valve 1 to reposition the valve before full

deployment, the user can slide the inner shaft 26 and the

distal sheath 24 proximally relative to the support shaft 21,

thereby radially compressing the valve back inside the distal

sheath. During resheathing of the valve 1 , the marker cage 30

also radially compresses to the collapsed condition while

maintaining the position of the markers 34 between the

leaflets 8 and adjacent the tissue cuff 7 and/or the

commissure attachment material 12. When desired, a user can

continue deployment by sliding the inner shaft 26 and the

distal sheath 24 distally relative to the support shaft 21 and

the valve 1 in the compartment 23 until the valve is released

from the delivery device 13.

[0048] After the valve 1 has been released from the

delivery device 13 and is fully expanded, the ribs 33 of the



marker cage 30 preferably remain engaged in the valve between

the leaflets 8 and adjacent the tissue cuff 7 and/or the

commissure attachment material 12. To radially collapse the

marker cage 30 so that the delivery device 13 can be withdrawn

from the valve 1 , a user may slide the inner shaft 26 and the

distal sheath 24 proximally relative to the support shaft 21

and the marker cage 30 attached thereto. The proximal edge 29

of the distal sheath 24 will slide within the aortic

portion 11 of the valve 1 until it contacts the proximal

portions 42 of the ribs 33, whereupon the distal sheath may

apply a radially compressive force to the ribs, thereby moving

the ribs away from the valve and toward the support shaft 21

as the marker cage 30 is compressed to the collapsed condition

within the distal sheath. Preferably, the compressing of the

marker cage 30 may be performed during the portion of the

heart beat cycle when blood is flowing through the leaflets 8

of the valve 1 to thereby minimize contact between the ribs 33

and the leaflets.

[0049] A transapical delivery device 13a for the

collapsible prosthetic heart valve 1 in accordance with

another embodiment of the invention is shown in FIG. 4 . The

delivery device 13a is similar to the delivery device 13

described above, except that each rib 33 of a marker cage 30a

includes two markers 34a rather than a single marker. Each

rib 33 has a marker 34a located at the distal and proximal

ends of its medial portion 44.

[0050] Referring now to FIG. 5 , an exemplary transfemoral

delivery device 113 for the collapsible prosthetic heart

valve 1 (or other types of collapsible stents) extends from an

atraumatic tip 114 at the distal end of the device to a

proximal end (not shown) , and includes a catheter assembly 116

for delivering the heart valve to and deploying the heart

valve at a target location. The catheter assembly 116 is

adapted to receive the collapsible prosthetic heart valve 1 in

an assembled condition in a compartment 123 defined around a



support shaft 121. A distal sheath 124 is operable for

sliding movement between a closed position covering the

prosthetic heart valve 1 and maintaining it in a collapsed

condition, and an open position for deployment of the valve.

[0051] The support shaft 121 extends between the atraumatic

tip 114 and a retainer 125 affixed to the support shaft, which

together define the spaced ends of the compartment 123. The

retainer 125 is adapted to receive the retention members 9 of

the prosthetic heart valve 1 so as to hold the aortic end of

the heart valve in assembled relationship with the delivery

device 113. The delivery device further includes an inner

shaft 126, the distal end of which is connected to the

retainer 125, and the proximal end of which can optionally be

connected to a hub (not shown) that can be held by a user when

sliding the distal sheath 124 relative to the support shaft

121.

[0052] The distal sheath 124 surrounds the support shaft

121 when the distal sheath is in the closed position, and is

slidable relative to the support shaft such that it can

selectively cover or uncover compartment 123. The distal

sheath 124 may be connected at its proximal end to a hub (not

shown) that can be held by a user. A distal edge 127 of the

distal sheath 124 abuts the atraumatic tip 114 when the distal

sheath is in the closed position covering the compartment 123.

The distal edge 127 is spaced apart from the atraumatic tip

114 when the compartment 123 is at least partially uncovered,

as shown in FIG. 5 .

[0053] The delivery device 113 includes a marker cage 130

that is similar in structure to the marker cage 30 described

above. That is, the marker cage 130 includes a plurality of

ribs 133 connected at their proximal ends to a ring 132 and at

their distal ends to a ring 131. One of the rings 131 and 132

may be fixed relative to the support shaft 121, while the

other ring may be slidable relative thereto, thereby

facilitating the movement of the marker cage 130 between a



collapsed condition covered by the distal sheath 124, and the

fully expanded condition shown in FIG. 5 . In the expanded

condition, a distal portion 141 of each rib 133 may project

away from the longitudinal axis of the support shaft 121 at an

acute angle C , a proximal portion 142 of each rib may project

away from the longitudinal axis of the support shaft at an

acute angle D , and a medial portion 144 of each rib may be

substantially parallel to the support shaft. The acute angles

C and D may be approximately equal, or they may be different

from one another as described above.

[0054] To use the delivery device 113 to insert the

collapsible prosthetic heart valve 1 into a patient at a

desired location, the user can first load the valve into the

compartment 123 so that the ribs 133 of the marker cage 130

engage between the leaflets 8 , in a manner similar to that

described above with reference to FIG. 1A. With the distal

sheath 124 in the closed position, the user can insert the

catheter assembly 116 into a patient, for example, through an

incision in the patient's femoral artery, advancing the

catheter assembly until the distal sheath 124 is positioned at

the native annulus of the patient.

[0055] Similar to the device 13 shown in FIG. 1A, the axial

and rotational position of the valve 1 relative to the

patient's native annulus can be determined by visualizing the

markers 134 using fluoroscopy. If the position of the valve 1

is acceptable to the user, the valve may then be deployed at

the desired location by sliding the distal sheath 124

proximally relative to the support shaft 121 and the valve

mounted thereabout, so that the valve will begin to become

uncovered and to self-expand. During the radial expansion of

the valve 1 , the marker cage 130 also radially expands,

thereby moving from the collapsed condition towards the

expanded condition and maintaining the position of the

markers 134 between the leaflets 8 of the valve.



[0056] While the valve is partially deployed, fluoroscopy

may be used to determine the position of the valve inside the

patient by viewing the markers 134. If a user desires to

resheathe the valve 1 , the user can slide the distal

sheath 124 distally relative to the support shaft 121, thereby

radially compressing the valve back inside the distal sheath.

During resheathing of the valve 1 , the marker cage 130 also

radially compresses to the collapsed condition while

maintaining the position of the markers 134 between the

leaflets 8 of the valve. When desired, a user can continue

deployment by sliding the distal sheath 124 proximally

relative to the support shaft 121 and the valve 1 mounted in

the compartment 123 until the valve is released from the

delivery device 113.

[0057] To radially collapse the marker cage 130 so that the

delivery device 113 can be withdrawn from the valve 1 , a user

may slide the distal sheath 124 distally relative to the

support shaft 121 and the marker cage 130 attached thereto.

The distal edge 127 of the distal sheath 124 will slide within

the aortic portion 11 of the valve 1 until it contacts the

proximal portions 142 of the ribs 133, whereupon the distal

sheath may apply a radially compressive force to the ribs,

thereby moving the ribs away from the valve and toward the

support shaft 121 as the marker cage 130 is compressed to the

collapsed condition within the distal sheath.

[0058] Referring now to FIG. 6 , an exemplary transfemoral

delivery device 113a for the collapsible prosthetic heart

valve 1 is shown with an alternate rib arrangement. The

delivery device 113a has a marker cage 130a including ribs

133a, each rib 133a having a curved distal portion 141a. At

least one of the distal ring 131a and the proximal ring 132a

of the marker cage 130a is fixedly connected to the support

shaft 121. When only one of the distal and proximal rings is

fixedly connected to the support shaft 121, the other ring may

be mounted for relative sliding movement along the support



shaft, in a similar manner as discussed above with reference

to FIG. 1A. In the collapsed condition of the marker cage

130a, the distal portion 141a of each rib 133a may be folded

at an inflection point along the distal portion. In the

expanded condition, the distal portion 141a of each rib 133a

may project away from the support shaft 121 at an obtuse angle

E , the proximal portion 142a of each rib may project away from

the support shaft at an acute angle F , and the medial portion

144a may be substantially parallel to the support shaft.

[0059] Referring now to FIG. 7 , an exemplary transfemoral

delivery device 113b for the collapsible prosthetic heart

valve 1 is shown with another rib arrangement. At least one

of the distal ring 131b and the proximal ring 132b of the

marker cage 130b is fixedly connected to the support

shaft 121. When only one of the distal and proximal rings is

fixedly connected to the support shaft 121, the other ring may

be mounted for relative sliding movement along the support

shaft, similar to the embodiment of FIG. 1A. In embodiments

in which both the distal and proximal rings are fixedly

connected to the support shaft 121 and the distal portions

141b and the proximal portions 142b of the ribs are about

equal in length, it is preferable that the distance Dl between

the points of attachment of the ribs 133b to the rings 131b

and 132b is approximately equal to the length LI of the medial

portions 144b of the ribs, such that the medial portions may

remain approximately parallel to the support shaft 121 as the

marker cage 130b moves between the collapsed and expanded

conditions. In the expanded condition, the distal portion

141b and the proximal portion 142b of each rib 133b may be

substantially parallel to one another, with both portions

oriented in the distal direction so as to define an acute

angle G between these portions and the support shaft 121.

[0060] Referring now to FIG. 8 , an exemplary transfemoral

delivery device 113c for the collapsible prosthetic heart

valve 1 is shown with yet another rib arrangement. The



delivery device 113c has a marker cage 130c including ribs

133c, each rib 133c having a proximal portion 142c connected

at one end to a proximal ring 132c that is fixedly connected

to the support shaft 121. The other end of the proximal

portion 142c is connected to a medial portion 144c that

terminates in a free end 145. That is, each medial portion

144c is attached in a cantilevered fashion to a single ring

132c. In the expanded condition, the proximal portion 142c of

each rib may project away from the support shaft 121 at an

acute angle , and the medial portion 144c may be

substantially parallel to the support shaft.

[0061] In the delivery devices shown in FIGS. 1A and 4-8,

particular structures are shown that include markers that are

adapted to be engaged in a collapsible prosthetic heart valve

and to be visible to a user or imaging system during

fluoroscopy. The invention also contemplates the use of any

alternative markers and marker cage structures that provide

such engagement in a collapsible prosthetic heart valve and

visibility during fluoroscopy. For example, any number of

ribs may be provided in the marker cage to allow engagement of

markers with a collapsible prosthetic heart valve, and such

ribs may have any shape and may project at any angle relative

to the longitudinal axis of the inner shaft. It is preferable

that the number of ribs be equal to the number of leaflets of

the collapsible prosthetic heart valve to be deployed, so that

each rib may be engaged between adjacent valve leaflets. It

is also preferable that the marker cage include at least two

radiopaque markers, although it is not necessary that a marker

be included on or within each rib.

[0062] The invention also contemplates the use of

alternative marker structures that have any length, shape, and

configuration. For example, any number of markers may be

provided on a single marker cage rib, including two (e.g., the

markers 34a shown in FIG. 4), three, four, five, or more.

Each marker and each rib medial portion may be straight (as



shown in the figures) or curved, may have a zig-zag shape, or

may have a combination of shapes. Each marker and each rib

medial portion may project at any fixed or variable angle

relative to the longitudinal axis of the inner shaft. It is

preferable that the angle of the medial portion of each rib be

approximately parallel to the angle of the tissue cuff of the

collapsible prosthetic heart valve to be deployed, such that

each rib may be better engaged within the valve. In one

embodiment, one or more partial or entire ribs may be

radiopaque or partially or fully surrounded by a radiopaque

marker material, such that one or more such ribs may serve as

markers. In another embodiment, the entire marker cage or a

portion thereof may be radiopaque or partially or fully

surrounded by a radiopaque marker material, such that at least

a portion of the marker cage may serve as a marker.

[0063] Although the various delivery devices have been

described herein in connection with the use of a

self-expanding marker cage in the deployment of a prosthetic

valve having a self-expanding stent structure, all of the

delivery devices may include a marker cage that is expandable

and/or collapsible by another mechanism, such as a

balloon-expansion mechanism, for use in deploying a prosthetic

valve that does not have a self-expanding stent structure.

Furthermore, rather than being used in the deployment of

prosthetic valves having a collapsible stent structure, all of

the delivery devices may be used for other purposes. In

particular, the various delivery devices may be used to retain

and deliver conventional collapsible stents that do not

contain a valve.

[0064] Although the invention herein has been described

with reference to particular embodiments, it is to be

understood that these embodiments are merely illustrative of

the principles and applications of the present invention. It

is therefore to be understood that numerous modifications may

be made to the illustrative embodiments and that other



arrangements may be devised without departing from the spirit

and scope of the present invention as defined by the appended

claims. For example, while the marker cages herein have been

described as having a plurality of ribs, it is contemplated

that each of the marker cages may be formed with a single rib

or any number of ribs greater than one. Furthermore, although

the invention herein has been described with reference to

particular embodiments in which the annulus end of a

prosthetic valve is deployed first, it is to be understood

that the invention contemplates embodiments in which the

aortic end of a valve is deployed first. In such embodiments,

the annulus end of the stent portion of the valve may be

engaged with a retainer, while the aortic end of the stent may

be remote from the retainer and may be unsheathed first.

[0065] It will be appreciated that the various dependent

claims and the features set forth therein can be combined in

different ways than presented in the initial claims. It will

also be appreciated that the features described in connection

with individual embodiments may be shared with others of the

described embodiments.



CLAIMS

1 . A delivery device for a collapsible prosthetic heart

valve, the delivery device comprising:

a support shaft around which a compartment is defined,

the compartment being adapted to receive the valve in an

assembled condition;

a distal sheath adapted to selectively cover and uncover

the compartment and the valve;

a marker cage having a collapsed condition when the

distal sheath covers the compartment and an expanded condition

when the compartment is uncovered, the marker cage being

adapted to engage the valve in the assembled condition; and

at least one radiopaque marker on the marker cage.

2 . The delivery device of claim 1 , wherein each

radiopaque marker includes a material selected from the group

consisting of gold, platinum, nitinol, and combinations

thereof .

3 . The delivery device of claim 1 , wherein the marker

cage is formed from a memory material tube having an aperture

extending therethrough.

4 . The delivery device of claim 1 , wherein the marker

cage has a first end fixedly connected to the support shaft

and at least one rib having a fixed end connected to the first

end .

5 . The delivery device of claim 4 , wherein the marker

cage has a second end slidably connected to the support shaft,

and the at least one rib has another end connected to the

second end.

6 . The delivery device of claim 4 , wherein the marker

cage has a second end fixedly connected to the support shaft,

and the at least one rib has another end connected to the

second end.

7 . The delivery device of claim 4 , wherein the at least

one rib has a free end opposite the fixed end.



8 . The delivery device of claim 4 , wherein

substantially all of the at least one rib is radiopaque or is

surrounded by a radiopaque material.

9 . The delivery device of claim 4 , wherein the at least

one rib is adapted to be engaged between adjacent leaflets of

the valve in the assembled condition.

10. The delivery device of claim 9 , wherein the

prosthetic heart valve includes a tissue cuff having a

longitudinal axis, and the at least one marker is adapted to

be oriented substantially parallel to the longitudinal axis in

the assembled condition.

11. The delivery device of claim 1 , wherein the marker

cage has an expanded diameter that is greater than an expanded

diameter of the prosthetic heart valve.

12. The delivery device of claim 4 , wherein the marker

cage includes a plurality of ribs disposed around a

longitudinal axis of the support shaft, each rib having at

least one radiopaque marker, the radiopaque markers being

positioned equidistantly from the longitudinal axis in an

expanded condition of the marker cage.

13. The delivery device of claim 4 , wherein the at least

one rib has first and second legs, the first leg having one

end connected to the first end of the marker cage and another

end, the second leg having a first end connected to the

another end of the first leg and a second end, wherein the

second leg extends substantially parallel to the support shaft

when the marker cage is in the expanded condition.

14. The delivery device of claim 13, wherein the marker

cage has a second end slidably connected to the support shaft,

and the at least one rib further includes a third leg having

one end connected to the second end of the second leg and

another end connected to the second end of the marker cage,

wherein the first and third legs of the at least one rib

extend in substantially opposite transverse directions to the



support shaft when the marker cage is in the expanded

condition .

15. A marker cage for use in deployment of a collapsible

prosthetic heart valve, the marker cage comprising:

a first end;

at least one rib having one end connected to the first

end; and

at least one radiopaque marker,

the marker cage having a collapsed condition and an

expanded condition and being adapted to engage the valve in an

assembled condition.

16. The marker cage of claim 15, wherein each radiopaque

marker includes a material selected from the group consisting

of gold, platinum, nitinol, and combinations thereof.

17. The marker cage of claim 15, wherein the marker cage

is formed from a memory material tube having an aperture

extending therethrough.

18. The marker cage of claim 15, further comprising a

second end, the at least one rib having another end connected

to the second end.

19. The marker cage of claim 15, wherein the at least

one rib has a free end opposite the one end.

20. The marker cage of claim 15, wherein substantially

all of the at least one rib is radiopaque or is surrounded by

a radiopaque material.

21. The marker cage of claim 15, wherein the marker cage

has an expanded diameter that is greater than an expanded

diameter of the prosthetic heart valve.

22. The marker cage of claim 15, wherein the marker cage

includes a plurality of ribs disposed around a longitudinal

axis, each rib having at least one radiopaque marker, the

radiopaque markers being positioned equidistant ly from the

longitudinal axis in an expanded condition of the marker cage.



23. The marker cage of claim 15, wherein the at least

one rib has first and second legs, the first leg having one

end connected to the first end of the marker cage and another

end, the second leg having a first end connected to the

another end of the first leg and a second end, wherein the

second leg extends substantially parallel to a longitudinal

axis of the marker cage when the marker cage is in the

expanded condition.

24. The marker cage of claim 23, wherein the marker cage

has a second end, and the at least one rib further includes a

third leg having one end connected to the second end of the

second leg and another end connected to the second end of the

marker cage, wherein the first and third legs of the at least

one rib extend in substantially opposite transverse directions

to the longitudinal axis when the marker cage is in the

expanded condition.

25. A method of determining the position of a

collapsible prosthetic heart valve in a patient, the method

comprising :

providing a delivery device including a support shaft

around which a compartment is defined, a distal sheath adapted

to selectively cover and uncover the compartment, and a marker

cage including at least one radiopaque marker and having a

collapsed condition when the distal sheath covers the

compartment and an expanded condition when the compartment is

uncovered;

mounting a collapsible prosthetic heart valve in the

compartment so that the marker cage is positioned within the

valve ;

sliding the distal sheath to cover the compartment and

the valve, and to maintain the marker cage in the collapsed

condition;

inserting the delivery device into the patient;

positioning the delivery device so that the valve is

positioned at a target location within the patient;



partially deploying the valve by sliding the distal

sheath to partially uncover the compartment and the valve;

determining the position of the at least one marker

relative to a native valve annulus of the patient;

fully deploying the valve by continuing to slide the

distal sheath to fully uncover the valve, whereupon the marker

cage will be in the expanded condition; and

compressing the marker cage to the collapsed condition by

sliding the distal sheath to at least partially cover the

compartment and the marker cage.

26. The method of claim 25, wherein the marker cage has

a first end fixedly connected to the support shaft and at

least one rib having a fixed end connected to the first end.

27. The method of claim 26, wherein the marker cage

includes a plurality of ribs disposed around a longitudinal

axis of the support shaft, each rib having at least one

radiopaque marker, the radiopaque markers being positioned

equidistantly from the longitudinal axis in an expanded

condition of the marker cage.

28. The method of claim 27, wherein the steps of

partially deploying and fully deploying include expanding the

marker cage with each rib positioned between adjacent leaflets

of the valve.

29. The method of claim 28, wherein the compressing step

includes compressing the marker cage during a portion of the

heart beat cycle when blood is flowing through the leaflets of

the valve.

30. The method of claim 27, wherein the prosthetic heart

valve includes a tissue cuff having a longitudinal axis, and

the steps of partially deploying and fully deploying include

expanding the marker cage with the at least one marker

oriented substantially parallel to the longitudinal axis.
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