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ASSEMBLY AND METHOD FOR LOADING

A SELF-EXPANDING COLLAPSIBLE HEART VALVE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing

date of United States Provisional Patent Application

No. 61/383,908 filed September 17, 2010, the disclosure of

which is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present disclosure relates to prosthetic heart

valve implantation and, more particularly, to assemblies and

methods for loading a self-expanding collapsible heart valve

into a delivery device.

[0003] Prosthetic heart valves may be formed from

biological materials such as harvested bovine valves or

pericardium tissue. Such valves are typically fitted within a

stent, which may be inserted into the heart at the annulus of

the compromised native valve to replace the native valve. To

perform such insertion procedure, it is often necessary to

compress the stent to a reduced diameter for loading into the

delivery device.

[0004] In the case of valves formed from biological

materials, the stented valve is preferably preserved in the

open condition for storage as compression of the valve

material for extended periods compromises the integrity of the

biological valve. It is therefore necessary to crimp the

valve, or reduce its diameter for loading in the delivery

device, in the operating arena.

[0005] Present crimping devices and methods for collapsing

a stented valve, including direct radial assemblies, have

proven to be unsatisfactory as they include bulky assemblies,

are difficult to master, are time consuming, impart undue

stress on the stented valve, or exhibit other undesirable



qualities. Moreover, it is sometimes difficult to securely

engage the stent to a retaining element of a delivery device.

It would therefore be beneficial to provide a device and

method for collapsing a stented bioprosthetic heart valve

using apparatus and techniques that overcome the deficiencies

of conventional devices. In addition, such assembly and

method would assist with loading of the collapsed stented

valve into a minimally invasive delivery device.

SUMMARY OF THE INVENTION

[0006] The present disclosure relates to devices for

collapsing a self-expanding prosthetic heart valve. In one

embodiment, the device includes a compression member and a

pusher member. The compression member has a first open end

with a first diameter, a second open end with a second

diameter less than the first diameter, and a tapered wall

extending between the first open end and the second open end.

The tapered wall defines an open space adapted to receive the

valve. The pusher member has a base adapted to engage an end

of the valve, the pusher member and the compression member

being movable relative to one another between an initial

position in which the base of the pusher member is relatively

far from the first open end of the compression member and an

operative position in which the base of the pusher member is

relatively close to the first open end of the compression

member. Movement of the pusher member and the compression

member from the initial position to the operative position

pushes the valve through the open space such that the valve is

radially compressed by the tapered wall of the compression

member as the valve advances through the open space.

[0007] The device may further include a first fastener on

the pusher member and a second fastener on the compression

member, engagement of the first fastener with the second

fastener in the operative position securing the pusher member



to the compression member. The first fastener may include a

plurality of spaced arms extending in a longitudinal direction

from the base of the pusher member to a free end. Each of the

plurality of arms may extend substantially orthogonally from

the base. The free end of each of the plurality of arms may

include a first receiving channel oriented in a direction

substantially orthogonal to the longitudinal direction. The

second fastener may include a base projecting radially outward

from the second open end of the compression member and adapted

to be received in the first receiving channels in an assembled

condition of the pusher member and the compression member.

[0008] The compression member may include a rim

projecting radially outward from the first open end and

adapted to be received between the plurality of arms in an

assembled condition of the pusher member and the compression

member. Each of the plurality of arms may include a second

receiving channel oriented in the longitudinal direction and

extending from the free end of the arm toward the base of the

pusher member. The first receiving channel may intersect with

the second receiving channel on each of the plurality of arms.

The compression member may include a plurality of ribs

extending in the longitudinal direction between the first open

end and the second open end, each rib being adapted to be

received in one of the second receiving channels during

movement of the pusher member and the compression member from

the initial position toward the operative position. The rim

of the compression member may include a plurality of recesses,

each recess lying between one of the ribs and a remainder of

the rim.

[0009] The device may further include an annular wall

projecting from the base of the pusher member, the annular

wall defining a cavity sized and shaped to receive the end of

the valve. The annular wall may have an axis of revolution



and the pusher member may further include an aperture through

the base, a center of the aperture being coincident with the

axis of revolution of the annular wall.

[0010] The present disclosure also relates to methods for

loading a self-expanding prosthetic heart valve into a

delivery device, the heart valve having a length, a stent

portion formed from a material and at least one retaining

member at one end thereof. One method may include inserting

the heart valve into a funnel having a first open end with a

first diameter and a second open end with a second diameter

less than the first diameter; advancing the heart valve

through the funnel until the at least one retaining member

protrudes out from the second open end of the funnel;

attaching the at least one retaining member to a retaining

element of the delivery device; advancing a distal sheath of

the delivery device over the heart valve to collapse a portion

of the heart valve less than the length; cooling the heart

valve to a temperature below a transition temperature of the

material forming the stent portion of the heart valve; and

further advancing the distal sheath of the delivery device

over the heart valve until the entire heart valve is

collapsed. The collapsed portion of the heart valve may be

about one-half or about three-quarters of the length of the

heart valve. The heart valve may be cooled by subjecting it

to a temperature of about 0° Celsius.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Various embodiments of the present loading assembly

are disclosed herein with reference to the drawings, wherein:

[0012] FIG. 1 is a perspective view of a distal portion of

a delivery device;

[0013] FIG. 2 is a perspective view of a proximal portion

of the delivery device of FIG. 1 ;



[0014] FIG. 3 is an enlarged side view of a retaining

element of the delivery device shown in FIGS. 1 and 2;

[0015] FIG. 4 is a perspective view of a self -expanding

prosthetic heart valve;

[0016], FIG. 5 is a perspective view of a compression member

of a loading assembly according to an embodiment of the

present invention;

[0017] FIG. 6 is a perspective view of a pusher member of a

loading assembly according to an embodiment of the present

invention;

[0018] FIG. 7 is a perspective view of the pusher member of

FIG. 6 with a stent positioned therein;

[0019] FIGS. 8 and 9 illustrate an exemplary method of

using the loading assembly shown in FIGS. 5 and 6 ;

[0020] FIG. 10 is a perspective view of a loading assembly

according to another embodiment of the present invention;

[0021] FIGS. 11 and 12 illustrate the initial steps of a

method for loading a prosthetic heart valve into a delivery

device using the loading assembly of FIG. 10;

[0022] FIGS. 13A-13D illustrate further steps of the method

for loading a prosthetic heart valve into a delivery device

using the loading assembly of FIG. 10;

[0023] FIGS. 14A and 14B illustrate steps of an alternate

method of loading a prosthetic heart valve into a delivery

device using the loading assembly of FIG. 10 and a tube;

[0024] FIGS. 15A-15D illustrate additional steps of the

alternate method of loading a prosthetic heart valve into a

delivery device using the loading assembly and the tube shown

in FIGS. 14A and 14B; and

[0025] FIG. 16 is a loading system according to an

alternate embodiment of the present invention.



DETAILED DESCRIPTION

[0026] Embodiments of the presently disclosed loading

assemblies are described herein in detail with reference to

the drawing figures, wherein like reference numerals identify

similar or identical elements. In the drawings and in the

description which follows, the term "proximal" refers to the

end of the loading assembly, or portion thereof, which is

closest to the operator in use, while the term "distal" refers

to the end of the loading assembly, or portion thereof, which

is farthest from the operator in use.

[0027] The present disclosure relates to assemblies and

methods for loading a self-expanding stent or a collapsible

prosthetic heart valve into a minimally invasive delivery

device. An exemplary minimally invasive delivery device 10 is

illustrated in FIGS. 1 and 2 .

[0028] As seen in FIG. 2 , delivery device 10 may include

an inner tube 16 having a lumen extending therethrough. A

hub 14 is mounted on the proximal end of the inner tube 16 and

is adapted for connection to another system or mechanism, such

as a handle, a syringe or a mechanism for displacing the

distal sheath 30. Mechanisms for displacing the distal sheath

30 are described in International Patent Application

Publication No. WO/2009/091509, the entire contents of which

are hereby incorporated herein by reference. A retention ring

12 may also be mounted on the proximal end of the inner tube

16. At least a portion of the inner tube 16 extends through a

Y-connector 18 and an outer shaft 20. The Y-connector 18

includes a hemostasis valve for preventing, or at least

hindering, blood flow between the inner tube 16 and the outer

shaft 20. In addition, the Y-connector 18 may be fluidly

coupled to a fluid source.

[0029] As shown in FIG. 1 , the outer shaft 20 extends to a

transition member 24, which may have a tapered shape. The
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transition member 24 interconnects a distal end of the outer

shaft 20 and the distal sheath 30. The distal sheath 30

surrounds a retaining element 26 and a support shaft 28 and

can maintain a prosthetic heart valve mounted around the

support shaft in a collapsed condition. The support shaft 28

is operatively connected to the inner tube 16 and has a lumen

extending therethrough for receiving a guidewire (not shown) .

The retaining element 26 is mounted on the support shaft 28

and is configured for supporting an end of a prosthetic heart

valve or any other suitable medical implant, as discussed in

detail below. The retaining element 26 may be longitudinally

and rotatably fixed relative to the support shaft 28, thereby

preventing the cells of the stent from entangling with one

another during deployment. The distal sheath 30 covers the

retaining element 26 and at least a portion of the support

shaft 28 and is movable relative to the support shaft between

a distal position shown in FIG. 1 and a proximal position (not

shown) . A tip 32 may be connected to the distal end of the

support shaft 28, and may have a tapered shape.

[0030] As shown in FIG. 3 , the retaining element 26 is

mounted on the support shaft 28 and may be longitudinally and

rotatably fixed to same. The retaining element 26 may include

a plurality of recesses 27 located around its periphery. The

recesses 27 are spaced apart from one another and are adapted

and dimensioned to receive a plurality of retaining members or

tabs on one end of a self-expanding stent to thereby securely

engage such stent to the delivery device. When a self-

expanding stent is attached to the retaining element 26, the

stent may be longitudinally and rotatably fixed relative to

the support shaft 28. As a result, the stent can be prevented

from sliding out of the distal sheath 30. In addition, when

the distal sheath 30 is placed over the stent to maintain it



in the collapsed condition, the cells of the stent will not

become tangled.

[0031] FIG. 4 shows a bioprosthetic valve 100 designed to

replace a native aortic valve. The valve 100 has a collapsed

condition and an expanded condition and may be formed from a

collapsible framework or stent 102, with a valve assembly 104

internally connected to the stent. The stent 102 may be

formed from any suitable biocompatible material, such as

nitinol, and may include an annulus section 106, an aortic

section 108, and an intermediate section 110. The aortic

section 108 may have a larger diameter than the annulus

section 106. The intermediate section 110 of the stent 102 is

located between the annulus section 106 and the aortic section

108. The valve assembly 104 may include a plurality of

leaflets 112 and a cuff 114 attached to the stent 102. The

leaflets 112 and the cuff 114 may be formed from a

biocompatible polymer, from bovine or porcine pericardial

tissue, or from other appropriate biocompatible materials.

The valve assembly 104 is connected to the stent 102 generally

within the annulus section 106, but may extend into the

intermediate section 110. The valve 100 may include tabs or

retaining members 118 at spaced positions around one or both

ends of the stent 102. The retaining members 118 are

typically designed for use in loading the valve 100 into a

delivery device, in particular for grasping and alignment

purposes. However, the retaining members 118 may also be

utilized to collapse the valve 100, as will be discussed.

[0032] The valve 100 is preferably preserved in its

expanded or open condition for storage as the bioprosthetic

valve assembly 104 may be compromised by storage in a

collapsed condition for extended periods of time. As such, it

is necessary to crimp the valve 100 into a collapsed or

reduced diameter condition for use in the surgical



implantation procedure at the latest possible time before the

procedure. In order to effectively limit the time period the

valve 100 is collapsed, the crimping process is preferably

conducted in the operating arena by the surgeon,

interventional cardiologist or surgical assistant using a

specialized assembly.

[0033] With reference to FIGS. 5-6, a loading assembly 200

according to an embodiment of the present invention includes a

first section or compression member 202 and a second section

or pusher member 204 adapted to be connected to one another.

As seen in FIG. 5 , the compression member 202 includes a

funnel 206 for reducing the diameter of a valve. The

funnel 206 may have a substantially rusto-conical shape and

includes a first open end 208 and a second open end 210.

Regardless of the specific shape of the funnel 206, the

diameter of the first open end 208 is larger than the diameter

of the second open end 210. The diameter of the funnel 206

may decrease uniformly from the first open end 208 to the

second open end 210 to compress the valve 100 as it is

advanced through the compression member 202.

[0034] The compression member 202 may further include a

base 214 attached to the outer periphery of the second open

end 210 of the funnel 206 for providing stability to the

compression member 202 when it is placed on a flat surface.

The base 214 may be substantially disk-shaped, with an inner

flat surface 216, an outer flat surface 218, and a sidewall

220 extending between the inner surface and the outer surface.

The inner surface 216 and outer surface 218 may each have a

substantially circular shape, and may be oriented

substantially parallel to one another.

[0035] In addition to the base 214, the compression

member 202 may include a plurality of ribs 222 connected

between the outer wall of funnel 206 and the base 214 for



enhancing the structural integrity of the loading assembly 200

when the compression member 202 is connected to the pusher

member 204. As discussed in detail below, the ribs 222 also

facilitate attachment of the compression member 202 to the

pusher member 204. The compression member 202 may include

three ribs 222 spaced apart from one another around the

circumference of funnel 206, although any number of ribs less

than or greater than three are contemplated herein. The ribs

222 may be substantially evenly spaced from one another around

the circumference of the funnel 206. Each rib 222 may extend

from a first end 228 connected to the inner surface 216 of the

base 214 to a second end 226 spaced from the first open

end 208 of the funnel 206 and may be shaped substantially as a

right-angled triangle.

[0036] The compression member 202 may further include a

rim or lip 224 extending around the circumference of the first

open end 208 of the funnel 206. The rim 224 may be

discontinuous at recesses 230 to provide clearance for

protrusions on pusher member 204, as will be appreciated from

the discussion below.

[0037] Referring to FIG. 6 , the pusher member 204 may

include a substantially planar base 232 and a plurality of

arms 234 projecting substantially orthogonally from the base.

The pusher member 204 may include three arms 234 spaced apart

from one another around the periphery of the base 232,

although any number of arms less than or greater than three

are contemplated herein. Each arm 234 may extend from a first

end 236 attached to the base 232 to a free end 238. Each arm

234 may include any suitable locking feature, such as

protrusions 240, 242 on its inner surface 244, for locking the

pusher member 204 to the compression member 202. The

protrusions 240, 242 may be located near the free end 238 of

each arm 234. The protrusions 240, 242 collectively form a



first channel 246 extending in the longitudinal direction of

each arm 234 and a second channel 248 extending substantially

orthogonally to the first channel 246 in the width direction

of each arm 234. Each longitudinal channel 246 may extend

between two protrusions 240 and two protrusions 242 in a

central location along the inner surface 244 of each arm 234,

and is adapted and dimensioned to receive at least a portion

of a rib 222 of the compression member 202. As discussed in

detail below, the longitudinal channels 246 of the pusher

member 204 and the ribs 222 of the compression member 202

cooperate with one another to facilitate sliding movement of

the pusher member 204 longitudinally relative to the

compression member 202. Each widthwise channel 248 on arms

234 may extend between two protrusions 240 and two protrusions

242 and is adapted and dimensioned to receive the base 214 of

the compression member 202. When the base 214 of the

compression member 202 is positioned within the widthwise

channels 248 in the arms 234 of the pusher member 204, the

pusher member 204 is longitudinally fixed to the compression

member 202.

[0038] The base 232 of the pusher member 204 may include

an aperture 254 disposed through the approximate center

thereof with an annular wall or ring 250 attached to an inner

surface 252 of the base around the aperture. The annular wall

250 is adapted and dimensioned to receive at least a portion

of the annulus section 106 of the stent 102, as seen in FIG.

7 .

[0039] As seen in FIGS. 7-9, the loading assembly 200 may

be used to load the collapsible prosthetic heart valve 100

into a delivery device. With the pusher member 204 on a flat

surface, at least a portion of the annulus section 106 of the

stent 102 may be placed within the confines of the annular

wall 250. At this point, the annulus section 106 may contact



the inner surface of the annular wall 250. The compression

member 202 may then be inverted over the aortic section 108 of

the stent 102 so that the aortic section of the stent is

positioned within the funnel 206 and the ribs 222 of the

compression member are axially aligned with the longitudinal

channels 246 in arms 234. The pusher member 204 and

compression member 202 may then be pushed together, with the

tapered walls of the funnel 206 gradually compressing the

valve 100, until a portion of the aortic section 108 of the

stent 102 passes through the second open end 210 of the

funnel, as shown in FIG. 8 . As the pusher member 204 and the

compression member 202 are pushed together, the protrusions

240 242 on arms 234 may slide freely through the recesses 230

in rim 224 as the ribs 222 slide within the longitudinal

channels 246. When a portion of the aortic section 108 passes

through the second open end 210 of the funnel 206, the

retaining members 118 of the stent 102 will protrude through

the open end 210 of the funnel and will be positioned closely

adjacent to one another. Continued movement of the pusher

member 204 and the compression member 202 toward one another

further compresses the valve 100 and exposes more portions of

the stent 102 out through open end 210, causing the retaining

members 118 to separate from one another. The pusher member

204 and the compression member 202 may be pushed together

until the base 214 of the compression member rides over the

protrusions 240 of the pusher member, temporarily flaring out

the arms 234, until the base snaps into place in the widthwise

channel 248 in each arm. The lengths of compression member

202 and arms 234 are such that base 214 will become engaged in

channels 248 before the rim 224 of the compression member

contacts the inner surface 252 of the base of the pusher

member. The engagement of base 214 in the channels 248

longitudinally fixes the pusher member 204 to the compression



member 202. The tip 32 and the support shaft 28 of delivery

device 10 may then be inserted into the end of the collapsed

valve 100 protruding through the first open end 210 of the

funnel 206, through the collapsed valve, and out through the

aperture 254 in the pusher member 204, as shown in FIG. 9 .

The retaining members 118 of the stent 102 may be positioned

over the retaining element 26 of the delivery device 10 and

within the recesses 27 thereof, thereby attaching the stent

102 to the delivery device. The distal sheath 30 of the

delivery device may then be moved over the valve 100 until the

valve is completely covered.

[0040] In view of the tight fit between the collapsed

valve 100 and the distal sheath 30, significant frictional

forces must be overcome in order to move the distal sheath

completely over the valve. In order to facilitate this

procedure, the stent 102 may be substantially cooled which,

based on the materials forming the stent, enables the stent to

more easily deform. Thus, once more than about one-half of

the length of stent 102 has been covered by the distal sheath

30, the entire assembly, including the distal end of the

delivery device 10 and the loading assembly 200, may be

immersed in a cold liquid, such as a saline solution. The

assembly may then be removed from the liquid, and the distal

sheath 30 moved further over the valve 100 until it completely

covers same.

[0041] Rather than immersing the entire assembly,

including the loading assembly 200, in the cold liquid, the

loading assembly may first be separated from the delivery

device 10. To accomplish this, the user may pull the pusher

member 204 and the compression member 202 apart until the arms

234 flare outwardly and enable the base 214 to slide past the

protrusions 240. The pusher member 204 and the compression



member 202 may then be separated, permitting removal of the

delivery device 10.

[0042] As discussed above, the stent 102 may be

substantially cooled to make it easier to be completely

covered with the distal sheath 30 of the delivery device 10.

In this regard, the stent 102 should be cooled to temperatures

below the transition temperature of the material forming the

stent 102. The "transition temperature" is the temperature at

which a material changes from one crystal state to another.

For the nitinol stents that may be employed in the present

invention, a saline solution at about 0°C may be used. When

cooled below its transition temperature, the stent 102 becomes

plastic, enabling it to deform much more readily under the

forces exerted by the movement of the distal sheath thereover.

Accordingly, after cooling the stent 102 below the transition

temperature, the user may completely cover the stent with the

distal sheath 30 of the delivery device 10.

[0043] FIG. 10 depicts a loading assembly 300 in

accordance with another embodiment of the present invention.

The loading assembly 300 includes a funnel 302 with a first

open end 308 and a second open end 306 disposed in

communication with one another. The funnel 302 has a proximal

portion 310, which may have a substantially cylindrical shape,

and a distal portion 312 which has a tapered shape with

multiple diameters along its length. The distal portion 312

of the funnel 302 may have a frusto-conical shape, so that its

diameter at the second open end 306 of the funnel 302 is

larger than the diameter adjacent to the proximal portion 310.

[0044] The loading assembly 300 further includes a pusher

member 304 having a cavity 316 adapted and dimensioned to

receive at least the second open end 306 of the funnel 302.

The cavity 316 of the pusher member 304 is defined by an inner

flat surface 318 and an annular wall 320. The annular



wall 320 may completely encircle the cavity 316. An open end

322 of the cavity 316 is also adapted and dimensioned to

receive at least the second open end 306 of the funnel 302.

An aperture 324 may extend through the pusher member 304 along

the central longitudinal axis thereof.

[0045] With reference to FIGS. 11, 12, and 13A-13D, the

loading assembly 300 may be used to load a valve 100 into a

delivery device. To load the valve 100 in the delivery

device, at least a portion of the annulus section 106 of the

stent 102 may be positioned within the cavity 316 of the

pusher member 304. The annulus section 106 of the stent 102

should be in contact with the inner surface 318 of the pusher

member 304. The funnel 302 may then be placed over the stent

102, as shown in FIG. 11, so that the tapered wall of the

distal portion 312 gradually compresses the valve and at least

a portion of the aortic section 108 of the stent passes

through the first open end 308 of the funnel. The user may

push the funnel 302 down toward the pusher member 304 to

compress more of the stent 102 and push it through the open

end 308 of the funnel 302. As a greater length of the

compressed stent 102 is exposed through the open end 308 of

the funnel 302, the retaining members 118 will separate from

one another, as seen in FIG. 12.

[0046] As illustrated in FIG. 13A, the support shaft 28 of

the delivery device 10 may be inserted between the retaining

members 118 of the stent 102 and through the first open end

308 of the funnel 302. The retaining members 118 of the

stent 102 may then be positioned over the retaining element 26

of the delivery device 10 and within the recesses 27 thereof,

thereby attaching the stent to the delivery device 10.

[0047] After the stent 102 has been attached to the

delivery device 10, the user may move the pusher member 304

away from the stent while maintaining the funnel 302 in place,



as seen in FIG. 13B. The distal sheath 30 may then be

advanced toward the stent 102 to cover the retaining element

26 and at least about one-half of the length of the stent, as

depicted in FIG. 13C. At this point, the funnel 302 may be

moved over the distal sheath 30 and away from the stent 102.

The distal sheath 30 may be further advanced to cover almost

the entire stent 102 (e.g., about three quarters of the length

of the stent) . The stent 102 may then be substantially cooled

as discussed above (e.g., to a temperature below the

transition temperature of the material forming the stent) to

convert the stent to a state exhibiting plastic properties.

Such plastic properties enable the stent 102 to more readily

deform as the distal sheath 30 is moved over same. Once the

entire stent 102 has been covered by the distal sheath 30, the

funnel 302 may be removed from the delivery device 10.

[0048] FIGS. 14A-14B and 15A-15D show an alternate method

of using the loading assembly 300 to load the stent 102 into a

delivery device. Aside from the loading assembly 300, this

exemplary method employs a holding tube 400 having a lumen 402

extending therethrough. The diameter of the holding tube 400

preferably is slightly smaller than the inner diameter of the

proximal portion 310 of the funnel 302, such that the holding

tube fits within the proximal portion of the funnel.

[0049] As seen in FIG. 14A, the stent 102 may be initially

compressed with the loading assembly 300, as described above.

In this method, however, the holding tube 400 is positioned

over the portion of the stent 102 (e.g., at least a portion of

the aortic section 108) protruding from the funnel 302 . The

holding tube 400 may be advanced toward the pusher member 304,

such that the holding tube is positioned within the proximal

portion 310 of the funnel 302, as seen in FIG. 14B. At this

point, the holding tube 400 maintains at least a portion of

the stent 102 in a collapsed condition.



[0050] The funnel 302 and the pusher member 304 may then

be separated from the stent 102, as shown in FIG. 15A.

Thereafter, the tip 32 and support shaft 28 of the delivery

device 10 may be is inserted through the stent 102, beginning

from the collapsed end thereof, as seen in FIG 15B, until the

retaining members 118 of the stent are positioned in the

recesses 27 of the retaining element 26, as shown in FIG. 15C.

The distal sheath 30 may then be advanced toward the tip 32 to

cover at least a portion of the stent 102. For example, the

distal sheath 30 may cover more than one-half of the length of

the stent 102 or more than three quarters of the length of the

stent at this point. As the distal sheath 30 is advanced, the

holding tube 400 may be moved over the distal sheath 30, as

seen in FIG. 15D. Once the stent 102 has been largely covered

by the distal sheath 30 (e.g., about three quarters of the

length of the stent) , the user may substantially cool the

stent as described above, to render the stent 102 more

plastic. This step will enable the user to more readily move

the distal sheath 30 toward the tip 32 to cover the entire

stent 102. Once the stent 102 has been largely or entirely

covered by the distal sheath 30, the holding tube 400 may be

removed.

[0051] FIG. 16 shows a loading assembly 500 according to

yet another embodiment of the present invention. The loading

assembly 500 includes a funnel 502 with a first open end 506

and a second open end 508 disposed in communication with one

another. The proximal portion 510 of the funnel 502 has a

substantially cylindrical shape, while the distal portion 512

of the funnel 502 has a tapered shape with multiple diameters

along its length. The distal portion 512 of the funnel 502

may have a substantially frusto-conical shape, so that its

diameter at the second open end 508 is larger than its

diameter next to the proximal portion 510. The tapered shape



of the distal portion 512 compresses a valve 100 passing

therethrough .

[0052] The loading assembly 500 further includes an

adjustable member 516 movable relative to the funnel 502. The

adjustable member 516 includes a substantially cylindrical

body 518 having an outer diameter which is slightly smaller

than the inner diameter of the proximal portion 510 of the

funnel 502. Accordingly, the body 518 of the adjustable

member 516 can slide within the proximal portion 510 of the

funnel. A flange 520 provided at one end of the body 518 has

a diameter substantially similar to or larger than the outer

diameter of the proximal portion 510 of the funnel 502. The

flange 520 serves as a mechanical stop, preventing the

adjustable member 516 from being inserted completely within

the proximal portion 510 of the funnel 502. A biasing member

interposed between the flange 520 and the free end of the

proximal portion 510 of the funnel 502 biases the adjustable

member 516 away from the funnel. One such preferred biasing

member is a spring 522 assembled around the body 518 of the

adjustable member 516. The spring 522 or other biasing member

may be used to more precisely control the amount by which the

aortic section 108 of the stent 102 protrudes from the

adjustable member 516, and thus the separation between the

retaining members 118 of the stent before inserting the tip 32

and support shaft 28 of the delivery device 10 through the

valve 100.

[0053] The loading assembly 500 may be used to load a

valve 100 into delivery device 10 in substantially the same

way as loading assembly 300 described above, including the use

of a pusher member similar to pusher member 304. When using

loading assembly 500, however, the user can more precisely

control the separation between the retaining members 118. For

example, the user may move the adjustable member 516 toward



the funnel 502 to expose a greater length of the stent 102,

thereby allowing the retaining members 118 to achieve more

separation from one another. Conversely, the user may move

the adjustable member 516 away from the funnel 502 to move the

retaining members 118 closer to one another for assembly in

the recesses 27 of the deployment device retainer 26.

[0054] 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.

[0055] 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 device for collapsing a self-expanding prosthetic

heart valve, comprising:

a compression member having a first open end with a first

diameter, a second open end with a second diameter less than

the first diameter, and a tapered wall between the first open

end and the second open end, the tapered wall defining an open

space adapted to receive the valve; and

a pusher member having a base adapted to engage an end of

the valve, the pusher member and the compression member being

movable relative to one another between an initial position in

which the base of the pusher member is relatively far from the

first open end of the compression member and an operative

position in which the base of the pusher member is relatively

close to the first open end of the compression member, wherein

movement of the pusher member and the compression member from

the initial position to the operative position pushes the

valve through the open space such that the valve is radially

compressed by the tapered wall of the compression member as

the valve advances through the open space.

2 . The device of claim 1 , further comprising a first

fastener on the pusher member and a second fastener on the

compression member, engagement of the first fastener with the

second fastener in the operative position securing the pusher

member to the compression member.

3 . The device of claim 2 , wherein the first fastener

includes a plurality of spaced arms each extending in a

longitudinal direction from the base of the pusher member to a

free end.

4 . The device of claim 3 , wherein each of the plurality

of arms extends substantially orthogonally from the base.

5 . The device of claim 4 , wherein the free end of each

of the plurality of arms includes a receiving channel oriented



in a direction substantially orthogonal to the longitudinal

direction .

6 . The device of claim 5 , wherein the second fastener

includes a base projecting radially outward from the second

open end of the compression member and adapted to be received

in the receiving channels in an assembled condition of the

pusher member and the compression member.

7 . The device of claim 3 , wherein the compression

member includes a rim projecting radially outward from the

first open end and adapted to be received between the

plurality of arms in an assembled condition of the pusher

member and the compression member.

8 . The device of claim 7 , wherein each of the plurality

of arms includes a receiving channel oriented in the

longitudinal direction and extending from the free end of the

arm toward the base of the pusher member.

9 . The device of claim 8 , wherein the compression

member includes a plurality of ribs extending in the

longitudinal direction between the first open end and the

second open end, each rib being adapted to be received in one

of the receiving channels during movement of the pusher member

and the compression member from the initial position toward

the operative position.

10. The device of claim 9 , wherein the rim includes a

plurality of recesses, each recess lying between one of the

ribs and a remainder of the rim.

11. The device of claim 3 , wherein each of the plurality

of arms includes a first receiving channel adjacent the free

end and oriented in a direction substantially orthogonal to

the longitudinal direction, and a second receiving channel

oriented in the longitudinal direction and extending from the

free end of the arm toward the base of the pusher member.



12. The device of claim 11, wherein the first receiving

channel intersects with the second receiving channel on each

of the plurality of arms.

13. The device of claim 1 , wherein the pusher member

includes an annular wall projecting from the base, the annular

wall defining a cavity sized and shaped to receive the end of

the valve.

14. The device of claim 13, wherein the annular wall has

an axis of revolution and the pusher member further includes

an aperture through the base, a center of the aperture being

coincident with the axis of revolution of the annular wall.

15. A method for loading a self-expanding prosthetic

heart valve into a delivery device, the heart valve having a

length, a stent portion formed from a material and at least

one retaining member at one end thereof, the method

comprising :

inserting the heart valve into a funnel having a first

open end with a first diameter and a second open end with a

second diameter less than the first diameter;

advancing the heart valve through the funnel until the at

least one retaining member protrudes out from the second open

end of the funnel;

attaching the at least one retaining member to a

retaining element of the delivery device;

advancing a distal sheath of the delivery device over the

heart valve to collapse a portion of the heart valve less than

the length;

cooling the heart valve to a temperature below a

transition temperature of the material forming the stent

portion of the heart valve; and

further advancing the distal sheath of the delivery

device over the heart valve until the entire heart valve is

collapsed.



16. The method of claim 15, wherein the collapsed

portion of the heart valve is about one-half of the length of

the heart valve.

17. The method of claim 15, wherein the collapsed

portion of the heart valve is about three-quarters of the

length of the heart valve.

18. The method of claim 15, wherein the cooling step

includes subjecting the heart valve to a temperature of about

0° Celsius.
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