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SYSTEM AND METHOD FOR LOADING A COLLAPSILE HEART VALVE INTO A DELIVERY DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing
date of United States Provisional Patent Application Nos.
61/438,812, filed February 2, 2011; 61/449,893, filed March 7,
2011; and 61/512,637, filed July 28, 2011, the disclosures of
which are hereby incorporated herein by reference.

BACKGROUND COF 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
bioclogical materials such as harvested bovine valves or
pericardial 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 using a minimally invasive
technique, it is typically necessary to compress the stent to
a reduced diameter for loading into the delivery device.

[0004] In the case of wvalves formed from bioclogical
materials, the stented valve is preferably preserved in the
open condition for storage as compression of the wvalve
material for extended periods compromises the integrity of the
biological wvalve. It 1is 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 wvalve, or exhibit other undesirable
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gualities. Moreover, 1t 1is sometimes difficult to securely
engage the stent to the 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 devices and
methods could be wuseful in the loading of the collapsed
stented valve into a minimally invasive delivery device.

BRIEF SUMMARY OF THE INVENTION

[0006] One aspect of the present invention provides
assemblies for loading a self-expanding prosthetic heart valve
into a delivery device. The assembly may 1include a
compression member having a longitudinal axis, a first open
end with a first diameter, a second open end with a second
diameter less than the first diameter, and a wall which
decreases in diameter from the first open end to the second
open end, the wall defining an open space adapted to receive
the valve; a support member having a longitudinal axis, a base
and a recess extending along the longitudinal axis and adapted
to receive an end of the valve, the support member and the
compression member being movable relative to one another
between an initial position in which the base of the support
member 1is relatively far from the first open end of the
compression member and an operative position in which the base
of the support member is relatively close to the first open
end of the compression member, wherein movement of the support
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 wall of the
compression member as the wvalve advances through the open
space; and a constricting member having a first end and a

second end, the second end of the constricting member being
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sized to receive the compressed valve from the second open end
of the compression member.

[0007] The constricting member may include an elongated
tubular portion between the first end and the second end, and
the elongated tubular portion may have a lumen sized to
slidably receive at least a distal sheath of the delivery
device. The constricting member may further include an end
mempber on the second end, the end member having a free end and
another end connected to the tubular portion, the lumen of the
tubular portion having a substantially constant diameter, and
the end member having a first diameter at the free end, a
second diameter less than the first diameter at the another
end, and a wall decreasing in diameter from the free end to
the another end. Alternatively, the constricting member may
further include an end member on the first and second ends
thereof, each end member having a free end and another end
connected to the tubular portion, the lumen of the tubular
portion having a substantially constant diameter, and each end
member having a first diameter at the first end, a second
diameter less than the first diameter at the another end, and
a wall decreasing in diameter from the free end to the another
end.

[0008] The assembly may further include a tubular extension
on the second open end of the compression member, the tubular
extension having a lumen therethrough, the tubular extension
being engaged with the end member of the constricting member;
and a first seal interposed between the end member of the
constricting member and the tubular extension of the
compression member. The seal may include an O-ring. Further,
the tubular extension may include an annular groove, and the
seal may be positioned in the annular groove. Alternatively,
the end member of the constricting member may include an

annular groove, and the seal may be positioned in that annular
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groove. The assembly also may include a second seal disposed
in the lumen of the elongated tubular portion of the
constricting member. That seal also may include an O-ring.
In addition, the lumen of the elongated tubular portion of the
constricting member may include an annular groove, and the
another seal may be positioned therein.

[0009] The constricting member may include a plurality of
interlocking segments connected to one another, each of the
interlocking segments having a first end with a first
diameter, a second end with a second diameter greater than the
first diameter, and a wall increasing in diameter from the
first end to the second end, the interlocking segments being
connected together in series with the second end of one
interlocking segment connected to the first end of the next
adjacent interlocking segment. The diameter of the wall may
increase in a step-wise fashion, or may increase uniformly
from the first end to the second end.

[0010] The assembly may further include at least one tear
line extending in a longitudinal direction between the first
end and the second end of the constricting member for
splitting the constricting member in the longitudinal
direction. The constricting member may include a second tear
line spaced from the at least one tear line for peeling a
portion of the constricting member between the tear lines away
from a remainder of the constricting member. A tab may extend
from the portion of the constricting member between the tear
lines for peeling the portion of the constricting member from
the remainder of the constricting member.

[0011] The assembly may further include a locking assembly
for locking the compression member to the support member. The
locking assembly may include a male connecting member on one
of the support member or the compression member, and a female

connecting member on the other of the support member or the
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compression member for mating with the male connecting member.
The male connecting member may include a plurality of pins
extending in radial directions from the longitudinal axis of
the one of the support member or the compression member, and
the female connecting member may include a plurality of
features on the other of the support member or the compression
member adapted to mate with the plurality of pins.
Alternatively, the female connecting member may include an
annular groove extending along an inner surface of the first
open end of the compression member, and the male connecting
member may include a plurality of locking tabs on the support
member adapted to engage the annular groove of the compression
member so as to connect the support member to the compression
member.

[0012] In vyet another alternative, the male connecting
member may include an annular rim extending from the first
open end of the compression member, and the female connecting
member may include an annular slot on the support member sized
to receive the rim so as to connect the compression member to
the support member. In a still further alternative, the
locking assembly may include a bead extending along an outer
periphery of the first open end of the compression member and
locking tabs on the support member, the 1locking tabs being
configured to engage the bead of the compression member so as
to connect the support member to the compression member.

[0013] Another aspect of the present invention provides
methods for loading a self-expanding prosthetic heart valve
into a delivery device. The delivery device may include a
tip, a retaining element, a compartment defined between the
tip and the retaining element and adapted to receive the heart
valve, and a distal sheath movable between a closed position
fully covering the compartment and an open position uncovering

the compartment. The heart valve may include a stent, a valve
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assembly supported by the stent, and at least one retainer at
one end of the stent, the heart wvalve having an expanded
condition and a collapsed condition.

[0014] Methods according to this aspect of the present
invention may include inserting the heart wvalve in the
expanded condition into a compression member having an inner
surface which decreases 1in diameter wuniformly from a first
open end to a second open end; advancing the heart valve
through the compression member until the at least one retainer
protrudes from the second open end of the compression member;
positioning the delivery device in an initial position in a
constricting member, the constricting member having a first
end, a second end and an elongated tubular portion between the
first end and the second end, the delivery device in the
initial position having the distal sheath in the open position
and the retaining element positioned outside the constricting
member; attaching the at least one retainer of the heart valve
to the retaining element of the delivery device; and moving
the distal sheath of the delivery device to the closed
position during which the heart valve is advanced through the
second open end of the compression member and into the
elongated tubular portion of the constricting member to place
the heart valve in the collapsed condition.

[0015] The method may further include filling at least a
portion of the compression member with a sterile liquid before
moving the distal sheath of the delivery device to the closed
position to remove air from the heart valve and the delivery
device. The air removal step may 1include agitating the
sterile liguid in the compression member, moving a probe in
the sterile liquid between the cuff and the leaflets of the
heart valve, and/or moving a syringe in the sterile liquid
adjacent the retaining element of the delivery device. A

sterile liquid may also be used to remove air from the tubular
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outer shaft between the retaining element and an operating
handle of the delivery device.

[0016] In an alternate method, the distal sheath of the
delivery device and the heart valve may be submerged into a
container holding the sterile liquid to remove air from the
heart valve and the delivery device before moving the distal
sheath of the delivery device to the closed position. Shaking
or tapping the submerged delivery device and the heart valve
may assist in removing the air therefrom.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Various embodiments of the present loading assembly
are disclosed herein with reference to the drawings, wherein:
[0018] FIG. 1 is a perspective view of a distal portion of
a delivery device;

[0019] FIG. 2 1s a perspective view of a proximal portion
of the delivery device of FIG. 1;

[0020] FIG. 3 is an enlarged side view of a
retaining element of the delivery device shown in FIGS. 1 and
2;

[0021] FIG. 4 is a perspective view of a self-
expanding prosthetic heart valve;

[0022] FIG. 5 is a perspective view of a compression member
in accordance with an embodiment of the present invention;
[0023] FIG. 6A is a perspective view of a support member in
accordance with an embodiment of the present invention;

[0024] FIG. 6B 1is a side elevational view of the support
member of FIG. 6A;

[0025] FIG. 6C 1s a cross-sectional view of the support
member of FIG. 6A, taken along section line A-A of FIG. 6B;
[0026] FIG. 7 is a longitudinal cross-sectional view of a
constricting member 1in accordance with an embodiment of the

present invention;
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[0027] FIG. 8 1is an enlarged longitudinal cross-sectional
view of an end section of the constricting member of FIG. 7;
[0028] FIG. 9 is a longitudinal cross-sectional view of a
loading assembly 1in accordance with an embodiment of the
present invention, including the compression member of FIG. 5,
the support member of FIG. 6A, and the constricting member of
FIG. 7; |

[0029] FIGS. 10-19 illustrate the steps of a method for
loading a prosthetic heart valve into a delivery device using
the loading assembly of FIG. 9;

[0030] FIG. 20 is a table including test data of a study
analyzing the use of the constricting member of FIG. 7 while
loading the wvalve of FIG. 4 dinto the delivery device of
FIG. 1 and its effect on the forces required for loading the
valve;

[0031] FIG. 21 is a table including test data of a study
analyzing the use of the constricting member of FIG. 7 while
loading the valve of FIG. 4 into the delivery device of FIG. 1
and its effect the distal end of the distal sheath of the
delivery device of FIG. 1;

[0032] FIG. 22 is a cross-sectional side view of a loading
assembly 1in accordance with an alternate embodiment of the
present invention;

[0033] FIG. 23 is a cross-sectional side view of a loading
assembly in accordance with a further embodiment of the
present invention;

[0034] FIG. 24 is a perspective view of a support member in
accordance with vyet another embodiment of the present
invention;

[0035] FIG. 25A is a longitudinal cross-sectional view of a
constricting member in accordance with another embodiment of

the present invention;
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[0036] FIG. 25B is an enlarged longitudinal cross-sectional
view of an end section of the constricting member of FIG. 25A;

[0037] FIG. 26 is a longitudinal cross-sectional view of a
loading assembly 1in accordance with an embodiment of the
present invention, including the compression member of FIG. 5,
the support member of FIG. 6, and the constricting member of
FIG. 25A;

[0038] FIG. 27A is a longitudinal cross-sectional view of a
constricting member in accordance with a further embodiment of
the present invention;

[0039] FIG. 27B 1s an enlarged longitudinal cross-sectional
view of an end section of the constricting member of FIG. 27A;

[0040] FIG. 28 is a longitudinal cross-sectional view of a
loading assembly 1in accordance with an embodiment of the
present invention, including the compression member of FIG. 5,
the support member of FIG. 6, and the constricting member of
FIG. 27A;

[0041] FIG. 29 is a longitudinal cross-sectional view of a
constricting member according to an embodiment of the present
invention placed over the distal sheath of the delivery device
of FIG. 1;

[0042] FIG. 30 is a longitudinal cross-sectional view of a
constricting member according to another embodiment of the
present invention placed over the distal sheath of the
delivery device of FIG. 1;

[0043] FIG. 31 is a longitudinal cross—secticnal view of a
constricting member according to a further embodiment of the
present invention placed over the distal sheath of the
delivery device of FIG. 1;

[0044] FIG. 32 is a side elevation of a constricting member
according to yet a further embodiment of the present invention
placed over the distal sheath of the delivery device of
FIG. 1;
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[0045] FIG. 33 is a cross-sectional side view of a
constricting member according to an embodiment of the present
invention placed over the distal sheath of the delivery device
of FIG. 1;

[0046] FIG. 34 is a side elevation of a constricting member
according to still another embodiment of the present invention
placed over the distal sheath of the delivery device of
FIG. 1;

[0047] FIG. 35 1s a perspective view of a constricting
member according to still a further embodiment of the present
invention placed over the distal sheath of the delivery device
of FIG. 1;

[0048] FIG. 36 1is a perspective view of a compression
member 1n accordance with another embodiment of the present
invention;

[0049] FIG. 37 is a perspective view of a support member
according to an embodiment of the present invention for use
with the compression member of FIG. 36;

[0050] FIG. 38 1is a perspective view of a compression
member according to a still further embodiment of the present
invention;

[0051] FIG. 39 is a perspective view of a support member
according to an embodiment of the present invention for use
with the compression member of FIG. 38;

[0052] FIG. 40 1is a perspective view of a support member
according to another embodiment of the present invention for
use with the compression member of FIG. 38;

[0053] FIG. 41 1is a perspective view of a compression
member according to yet another embodiment of the present
invention;

[0054] FIG. 42 1is a longitudinal cross-sectional view of

the compression member of FIG. 41;
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[0055] FIG. 43 1is a perspective view of a support member
according to another embodiment of the present invention;
[0056] FIG. 44 is a perspective view of a support member
according to a further embodiment of the present invention;
{0057] FIG. 45 1is a perspective view of a compression
member according to still another embodiment of the present
invention; and

[0058] FIG. 46 1is a perspective view of a support member
according to vyet a further embodiment of the present
invention.

DETAILED DESCRIPTION

[0059] 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 1is
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.

[0060] 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.

[0061] As seen 1in Figs. 1 and 2, an exemplary delivery
device 10 for transfemoral delivery of a <collapsible
prosthetic heart valve (or other types of self-expanding
collapsible stents) has a catheter assembly 12 for delivering
the heart valve to and deploying the heart valve at a target
location. The catheter assembly 12 includes a compartment 23
defined between an atraumatic tip 32 of the delivery device 10

and a retaining element 26. A support shaft 28 is connected
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between tip 32 and retaining element 26 and defines the length
of compartment 23. A distal sheath 30 is slidably arranged
relative to the compartment 23 so that, in a distalmost or
closed position in which the distal end 21 of the sheath abuts
atraumatic tip 32, the sheath covers the prosthetic heart
valve and retains it for delivery to the target site, and in a
proximal or open position in which the distal end 21 of the
sheath 1s spaced from the atraumatic tip 32, the sheath
uncovers the prosthetic heart valve for deployment at the
target site.

[0062] An inner tube 16 having a lumen therethrough extends
from a hub 14 at or near its proximal end to a distal end
which may be connected to retaining element 26. Optionally,
the distal end of inner tube 16 may extend through retaining
element 26 and support shaft 28 for connection to atraumatic
tip 32. In either arrangement, the distal end of inner tube
16 is connected to compartment 23 so as to define a fixed
distance between hub 14 and the compartment. The Ilumen
through inner tube 16 is sized to slidingly receive a
guidewire (not shown) for use in guiding the delivery device
to the target site. At its proximal end, inner tube 16 may be
provided with a hemostasis valve (not shown) for preventing,
or at least hindering, blood flow out from the inner tube.
[0063] Hub 14 is adapted for connection to another system
or mechanism, such as an operating handle (not shown) for
displacing the distal sheath 30. Mechanisms for displacing
the distal sheath 30 between its proximal and distal positions
are described in International Patent Application Publication
No. WO0/2009/091509, the disclosure of which is hereby
incorporated by reference herein. A retaining ring 15 may be
mounted on the inner tube 16 near hub 14.

[0064] Catheter assembly 12 further includes an outer shaft

20 which is connected at its distal end through a tapered
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transition member 24 to the proximal end of distal sheath 30,
and at its proximal end to the operating handle (not shown).
A Y-connector 18 may also be connected at the proximal end of
outer shaft 20, and may include a hemostasis valve for
hindering blood flow out from between the inner tube 16 and
the outer shaft 20. The Y-connector 18 may also be coupled to
a fluid source for flushing the outer shaft 20, injecting
contrast media during a ©prosthetic wvalve implantation
procedure, and the like.

[0065] As shown 1n FIG. 3, the retaining element 26 may
include a plurality of —recesses 27 located around 1its
periphery. The recesses 27 are spaced apart from one another
and each is sized and shaped to receive a tab or retainer on
one end of the prosthetic heart wvalve to maintain the
prosthetic heart valve in assembled relationship with the
delivery device 10, to minimize longitudinal movement of the
prosthetic heart valve relative to the delivery device during
unsheathing and resheathing procedures, to help prevent
rotation of the prosthetic heart wvalve relative to the
delivery device as the delivery device is advanced to the
target site and during deployment, and to maintain the

alignment of the stent cells and prevent them from becoming

tangled.
[0066] FIG. 4 shows a conventional 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 or any other suitable elastic or shape memory
material, and may include an annulus section 106, an aortic
section 108, and a sinus section 110 located between the

annulus section and the aortic section. The aortic section 108
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may have a larger cross-section than the annulus section 106.
The valve assembly 104 conventionally includes 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 natural tissue such as bovine or
porcine pericardial tissue, or from other appropriate
biocompatible materials. The valve assembly 104 is preferably
connected to the stent 102 generally within the annulus
section 106. The valve 100 may include a plurality of tabs or
retainers 118 at spaced positions around one or both ends of
the stent 102 for engagement with the retaining elements 26 of
the delivery device 10 as described above. The retainers 118
may also be utilized to collapse the valve 100 for loading
into the delivery device 10, as will be discussed below.

[0067] The valve 100 is preferably stored in its expanded
or open condition as the bioprosthetic valve assembly 104 may
be compromised by storage 1in a collapsed condition for
extended periods of time. As such, it is necessary to crimp
the wvalve 100 into a <collapsed condition of reduced
cross-section for loading into the delivery device 10 at the
latest possible time prior to the surgical implantation
procedure. In order to effectively limit the time period the
valve 100 is collapsed, the crimping process 1s preferably
conducted in the operating arena by the surgeon,
interventional cardiologist or surgical assistant using a
specialized assembly.

[0068] FIGS. 5-06 illustrate a loading assembly 200
according to one embodiment of the present invention, the
loading assembly generally including a compression member 202
and a support member 204 adapted to be coupled to one another.
The compression member 202 includes a funnel 206 having a
substantially frusto-conical shape with a large diameter at a

first end 208 and a smaller diameter at a second end 210. The
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diameter of the funnel 206 may decrease uniformly from the
first end 208 to the second end 210 to compress the valve 100
as 1t 1is advanced through the compression member 202. The
compression member 202 is preferably made of a substantially
rigid material, and may be wholly or partly made of a
transparent plastic, such as polycarbonate or acrylic, to
allow viewing of the valve 100 during loading.

[0069] The compression member 202 may further include an
annular rim 214 extending from the first end 208 of the funnel
206 for joining the compression member to the support member
204 as described below. The rim 214 may include a plurality
of slots 228 disposed around its outer periphery. While the
drawings show slots 228 that are substantially P-shaped, the
slots may have any other shapes suitable for securely holding
the compression member 202 to the support member 204. The rim
214 may include four such slots 228, or more or less than
four. Regardless of the number or slots 228, adjacent slots
are preferably spaced equidistantly from each other.

[0070] The compression member 202 also may i1nclude a
tubular extension 216 projecting from the second end 210 of
the funnel 206. The tubular extension 216 has an opening 218
therethrough in communication with the interior of funnel 206.
The opening 218 is sized and shaped to receive the distal
sheath 30 of the delivery device 10 therein. The
cross—-section of the tubular extension 216 1is preferably
substantially circular, but may be oblong, oval, elliptical,
or polygonal.

[0071] With reference to FIGS. 6A, 6B, 6C and 9, the
support member 204 1is preferably made in whole or in part of a
substantially rigid material, and includes a body 219 having a
substantially flat or planar bottom support surface 220 and a
top end 221. Body 219 has an outer wall 232 and a generally
cylindrical bore 230 extending therethrough. Bore 230 1is
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sized and shaped to receive at least a portion of the tip 32
of the delivery device 10 therein. A recess 226 extends
downwardly from the top end 221 of the body 219 concentrically

with bore 230 so as to define an annular ridge 244 at a spaced

distance from the top end. Ridge 244 may have a chamfered
surface 246 at its intersection with bore 230. Alternatively,
a chamfered surface 246 may not be included. Recess 226 has a

diameter and a depth defined by ridge 244 sufficient to
receive at least a portion of the annulus section 106 of the
stent 102 in an expanded condition.

[0072] The outer wall 232 of body 219 does not extend
continuously around the body, but rather is interrupted by a
plurality of inwardly curved indentations 242 which divide the
outer wall into a plurality of wall segments 233, only two of
which are shown 1n FIG. ©6A. Although FIG. 6A depicts a
support member 204 having four indentations 242 evenly spaced
around the periphery of body 219, it is contemplated that the
support member may be provided with more or less than four
such indentations. Indentations 242 facilitate the grasping
of support member 204. RBetween indentations 242, that is, in
the space between outer wall segments 233 and bore 230, Dbody
219 may include a plurality of recesses 235 extending inwardly
from the bottom support surface 220. Recesses 235 reduce the
mass of body 219 and facilitate the manufacturing process by
eliminating excessively thick portions of the body.

[0073] The outer wall segments 233 of body 219 do not
extend all the way to the top end 221 of the body, but rather
terminate at their top ends at a continuous wall 222 oriented
at an oblique angle to the outer wall 232. At their bottom
ends, outer wall segments 233 each include a radially
projecting supporting plate 234, the bottom surfaces of which
are substantially coplanar with the bottom support surface 220

of body 219. At least one pin 240 may protrude radially
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outward from each outer wall segment 233. Pins 240 are
preferably spaced a sufficient distance from supporting plates
234 and sized and shaped to be received in the slots 228 of
the compression member 202 to join the compression member and
the supporting member 204 together. When joined together, the
compression member 202 and the supporting member 204
collectively define a partial loading assembly 201.

[0074] FIGS. 7 and 8 illustrate a constricting member 300
designed to minimize the flaring of the distal end 21 of the
distal sheath 30 during loading of a prosthetic heart valve
into the compartment 23 of delivery device 10. The
constricting member 300 may be wholly or partly made of a
transparent plastic, such as polycarbonate or acrylic, to
allow viewing of the delivery device 10 during loading and
includes a tubular member 302 having a central lumen 304 sized
and shaped to slidingly receive at least the distal sheath 30
of the delivery device 10.

[0075] As seen in FIG. 8, at one end 306, the constricting
member 300 may have an enlarged head 308 with a counterbore
316 formed therein. The counterbore 316 may have a diameter
that is larger than the diameter of lumen 304, and in
particular, may be sized and shaped to receive the tubular
extension 216 of the compression member 202. Preferably, the
diameter of counterbore 316 is only slightly larger than the
outer diameter of the tubular extension 216 so as to create a
friction fit therebetween.

[0076] Between the tubular member 302 and the enlarged head
308, constricting member 300 may have a tapered portion 310.
In particular, tapered portion 310 may have an inner surface
312 which tapers from a larger diameter at 1its end adjacent
the counterbore 316 to a smaller diameter at its other end to
help compress valve 100 further during loading into delivery

device 10.
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[0077] The constricting member 300 may further include a
transition portion 320 disposed between the tapered portion
310 and the tubular member 302. The transition portion 320
may have a substantially constant inner diameter sized and
shaped to receive at least the distal sheath 30 of the
delivery device 10. The inner diameter of the transition
portion 320 may be slightly smaller than the diameter of lumen
304 and slightly larger than the outer diameter of the distal
sheath 30 in order to substantially prevent or minimize the
flaring of the distal end 21 of the distal sheath 30 while the
valve 100 is loaded in the delivery device 10, as discussed in
detail below. The larger diameter of the lumen 304 allows a
user to easily slide the constricting member 300 over the
distal sheath 30 of the delivery device 10. In a variant
hereof, the transition portion 320 may have an inner diameter
which tapers downwardly from a slightly larger diameter at an
end 313 thereof to a slightly smaller diameter at an end 315
thereof to accommodate small variations in the outer diameter
of the distal sheath 30.

[0078] An annular groove or other indicator line 324 may
extend partly or entirely around the outer periphery of the
tubular member 302 at the junction between the tapered portion
310 and the transition portion 320. Another annular groove or
indicator line 325 may extend partly or entirely around the
outer periphery of the tubular member 302 at a spaced distance
from the first line 324. Lines 324 and 325 mark the area in
which the user should place the distal end 21 of the distal
sheath 30 during the loading procedure. As discussed in
detail below, using the constricting member 300 to help load
the wvalve 100 into the delivery device 10 reduces the loading
forces (i.e., the forces required to load the valve into the
delivery device) and reduces flaring of the distal end 21 of

the distal sheath 30.
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[0079] FIG. 9 shows an assembled loading assembly 200
including the compression member 202 of FIG. 5, the support
member 204 of FIG. 6 and the constricting member 300 of
FIG. 7. As seen in FIG. 9, the constricting member 300 1is
connected by its enlarged head 308 to the tubular extension
216 of the compression member 202, and the compression member
202 1s 1locked to the support member 204. To lock the
compression member 202 to the support member 204, the pins 240
of the support member are inserted into the slots 228 of the
compression member, and the compression member 1s turned
relative to the support member to slide the pins toward the
closed ends of the slots. Hence, the pins 240 and the slots
228 together form a locking mechanism 248. Rather than the
engagement of the ©pins 240 in the slots 228, it is
contemplated that any other known locking mechanisms may be
employed to securely lock the compression member 202 to the
support member 204.

[0080] As seen in FIGS. 10-19, the loading assembly 200 may
be used to load the collapsible prosthetic heart wvalve 100
into a delivery device 10. As shown in FIG. 10, with the
supporting member 204 on a flat surface, at least a portion of
the annulus section 106 of the stent 102 may be placed within
the recess 226 of the support member until the end of the
stent contacts ridge 244. The compression member 202 may then
be placed over the aortic section 108 of the stent 102 so that
the aortic section of the stent is positioned within the
funnel 206, as depicted in FIG. 11. As shown in FIG. 12, the
compression member 202 and the support member 204 may then be
pushed together, the tapered walls of the funnel 206 gradually
compressing the wvalve 100 until a portion of the aortic
section 108 of the stent 102 is forced into and through the
opening 218 of the compression member. When a portion of the

aortic section 108 of the stent 102 passes through the opening
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218 of the compression member 202, the retainers 118 of the
stent will protrude through the opening 218 and will Dbe
positioned closely adjacent to one another. At this point,
the pins 240 of the support member 204 will be positioned
within the slots 228 of the compression member 202, and the
members may be locked together by rotating the support member
relative to the compression member, such that the pins 240 of
the support member slide toward the closed ends of the slots
228 of the compression member.

[0081] As seen in FIG. 14A, with the distal sheath 30 in a
proximal or open position, the constricting member 300 may be
placed over the delivery device 10 with the enlarged head 308
positioned closer to the tip 32 than to the hub or handle of
the delivery device, and with the distal end 21 of the distal
sheath 30 longitudinally positioned between indicator lines
324 and 325 of the constricting member. It will be
appreciated that the constricting member 300 also may be
placed over the delivery device 10 with the distal sheath 30
in the distalmost or closed position, and that the distal
sheath subsequently may be moved to the proximal or open
position.

[0082] Before loading the wvalve 100 into the delivery
device 10, it is preferable to subject the delivery device to
a deairing process. In that regard, with the constricting
member 300 assembled over the distal sheath 30 and the distal
sheath in an open position, a syringe S may be connected to
the Y-connector 18 of the delivery device 10, as shown in
FIG. 14B. The syringe may be used to inject a sterile liquid,
such as saline, into the proximal end of the delivery device
and out through the open compartment 23, thereby flushing the
air from the device. During this flushing step, the distal
end of the delivery device may be tapped multiple times to

facilitate the air removal.
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[0083] Once flushing of the delivery device 10 has been
completed, the tip 32 and the support shaft 28 of the delivery
device 10 may be inserted into the end of the collapsed valve
100 protruding from the opening 218 of the compression member
202. To accomplish this, the compression member 202 and the
support member 204 may be squeezed closer together. (The
dimension of the slots 228 in the Jlongitudinal direction,
i.e., the height of the slots, is greater than the dimension
of the pins 240 in the longitudinal direction, 1i.e., the
height of the pins. Therefore, even though the compression
member 202 and the support member 204 are assembled together,
they still may move further toward one another.) As the
compression member 202 and the support member 204 move closer
together, a greater portion of the stent 102 is forced out
through opening 218, causing the retainers 118 to begin to
separate from one another, as illustrated in FIG. 13. The
tip 32 and support shaft 28 of the delivery device 10 may then
be inserted between the retainers 118 and into the end of the
collapsed valve 100, as shown in FIG. 15. The partial loading
assembly 201 then may be advanced along the support shaft 28
until the retainers 118 of the stent 102 are positioned over
the retaining element 26 of the delivery device 10. The
partial loading assembly 201 may be twisted as needed to align
the retainers 118 with the recesses 27 in the retaining
element 26. Positioning the retainers 118 within the recesses
27 of the retaining element 26 attaches the stent 102 to the
delivery device 10, as seen in FIG. 16. With the stent 102
attached to the retaining element 26, the constricting member
300 and the distal sheath 30 may be slid together toward the
partial loading assembly 201 (or the inner tube 16 may be
moved proximally relative to the constricting member 300 and
the distal sheath 30) to about the position shown in FIG. 17,

in which the distal sheath covers the retainers 118 of the
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stent, at the same time maintaining the distal end 21 of the
distal sheath between indicator lines 324 and 325, The
tapered inner surface 312 of the enlarged head 308 facilitates
the compression of the stent 102 as it moves into the
constricting member 300. When the constricting member 300 and
the partial loading assembly 201 are close together, they may
be joined to one another by assembly of the enlarged head 308
of the constricting member 300 to the tubular extension 216 of
the compression member 202.

[0084] In order to deair the wvalve 100, a sterile liquid,
such as saline, may be dispensed into the compression member
202 through its first open end 208. To do so, the support
member 204 may be disassembled from the compression member 202
by first rotating the support member relative to the
compression member, such that the pins 240 of the support
member slide toward the open ends of the slots 228 of the
compression member. This action unlocks the members from one
another. The support member 204 may then be moved away from
the compression member 202 to disassemble the partial loading
assembly 201. With the first open end 208 of the funnel 206
facing up, the sterile 1liquid may be dispensed into the
compression member 202 through the first open end. The
sterile liguid may be dispensed into the compression member
202, such as through a syringe or a sterile container, until
the funnel 206 is substantially filled, as shown in FIG. 17.
The syringe may need to be refilled several times during the
injection process in order to £ill the funnel 206 with the
sterile liquid.

[0085] Any alr bubbles in the sterile liquid within the
funnel 206 may then be removed. It is important that 1little
or no air be released into the human body during deployment
and/or resheathing of the valve within the human heart, as the

air may block vascular flow and cause tissue damage. For this
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reason, it is important to remove air bubbles from the
delivery device 10 and the valve 100 before introducing them
into the body. Testing has shown that, 1f the methods and
assemblies described in this application are employed, minimal
air will be released into the patient’s Dbloodstream during
valve deployment and resheathing.

[0086] Air bubbles formed in the sterile liguid near the
space between the leaflets 112 and the cuff 114 of the valve
100 may be removed by using a tube or rod 400 or any other
suitable atraumatic probe. The tube 400 is commonly known in
the art as a “leaflet tester” and may be formed of a
substantially soft material, such as a soft polymer. In order
to remove the air bubbles from the sterile 1liquid, the
tube 400 may be placed into the sterile liquid contained in
the funnel 206 of the compression member 202 and used to probe
areas of potential air entrapment, including gently agitating
the liquid, as shown in FIG. 18. A syringe may be used to
remove the air bubbles from the space near the retaining
element 26 of the delivery device 10. To do so, the syringe
may be inserted into the space near the retaining element 26,
and the sterile liquid near the retaining element 26 may be
gently agitated with the syringe. After the air bubbles have
been removed, the valve 100 may be pulled into the distal
sheath 30 until the valve is completely covered, as seen FIG.
19. The constricting member 300 and the compression member
202 may then be removed from the delivery device 10. The
inner tube 16 of the delivery device 10 may then be flushed
with any suitable sterile 1liquid wusing, for example, a
syringe. To flush the inner tube 16, a syringe may be
connected to the hemostatic valve near the hub 14 of the
delivery device 10, and then stérile liquid may be injected

into the inner tube using the syringe.
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[o087] In an alternate method of loading the valve 100 into
the delivery device 10 and preparing same for use 1in a
patient, the air bubbles may be removed from the distal sheath
30 by submerging the distal sheath, the compression member
202, and the constricting member 300 in a container holding
sterile liquid, such as saline. Additional sterile liquid may
be injected into the delivery device 10 through the Y-
connector 18 using a syringe, as discussed above. The distal
sheath 30 of the delivery device 10 may then be shaken and
gently tapped against a hard surface to remove air bubbles
from the wvalve 100. The valve 100 may then pulled into the
distal sheath 30, as discussed above.

[0088] In view of the tight fit between the collapsed
valve 100 and the distal sheath 30, significant friction
forces must be overcome in order to move the distal sheath 30
completely over the valve 100. To facilitate this procedure,
the stent 102 may be substantially cooled, which, depending on
the materials forming the stent, may enable the stent to more
easily deform. Thus, once more than about one-half of the
length of the stent 102 has been covered by the distal sheath
30, a cold liquid, such as saline solution, may be applied to
the stent through the compression member 202 and the
constricting member 300. This may be accomplished by removing
the support member 204 from the compression member 202 and
holding the remainder of the assembly in a substantially
vertical orientation with the first end 208 of the funnel 206
facing upwardly. The cold liquid may then be introduced into
the compression member 202 using any suitable apparatus. It
will, of course, be appreciated that the cold liquid may thus
serve two purposes—it may cool the stent 102, and it may serve
as the deairing 1liquid in the deairing procedure described

above.
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[0089] In order for the cooling of the stent 102 to be
effective in making it easier for the stent to be completely
covered by the distal sheath 30 of the delivery device 10, the
stent should be cooled to a temperature below the transition
temperature of the material forming the stent. The
“transition temperature” of a material 1is the temperature at
which the 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 30
thereover. Accordingly, after the stent 102 has been cooled
below the transition temperature, the user may completely
cover the stent 102 with the distal sheath 30 of the delivery
device 10, as illustrated in FIG. 19.

[0090] The distal sheath 30 of the delivery device 10
should be non-traumatic. To accomplish this, the distal
sheath 30 may be made of soft polymeric material. However,

while the valve 100 is loaded into the delivery device 10, the
distal end 21 of the distal sheath 30 may slightly expand or
flare due to the pressure exerted by the self-expanding
stent 102. Since the distal sheath 30 is typically formed
from a soft polymer, the distal end 21 of the distal sheath
may not return to 1its original shape once the distal sheath
completely covers the wvalve 100. It is nonetheless important
to maintain the original cross-sectional profile of the distal
end 21 of the distal sheath 30, because doing so makes the
distal sheath more atraumatic and reduces the loading forces
required to load the wvalve 100 into the delivery device 10.
In order to maintain the original circular profile of the

distal end 21 of the distal sheath 30, the loading assembly
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200 preferably includes the constricting member 300 described
above.

[0091] FIG. 20 is a table with test data demonstrating the
advantages of loading the wvalve 100 into the delivery
device 10 using a constricting member 300. This table shows
that loading the valve 100 into the delivery device 10 using
the constricting member 300 reduces the loading forces (on
average) by approximately 13% in comparison to a loading
procedure 1in which a constricting member is not used. The
term "loading forces" refers to the forces required to slide
the distal sheath 30 of the delivery device 10 over the entire
valve 100. As discussed above, the wvalve 100 1is partially
compressed by the partial lcading assembly 201, and must be
compressed further as the distal sheath 30 is slid thereover.
The term "loading forces”" therefore encompasses the forces
required to slide the distal sheath over the wvalve, thereby
further compressing the valve, until the distal sheath is in
the closed condition with the valve fully covered.

[0092] FIG. 21 is another table with test data
demonstrating the advantages of loading the valve 100 into the
delivery device 10 using the constricting member 300. This
table shows that loading the wvalve 100 into the delivery
device 10 using the constricting member 300 reduces flaring of
the distal end or tip 21 of the distal sheath 30 (on average)
by about 67% in comparison to a loading procedure in which a
constricting member is not used.

[0093] FIG. 22 shows a compression member 202’ and a
constricting member 300’ which may include one or more
seals 498 and 499 for preventing any sterile liquid contained
in the compression member from leaking while loading the valve
100 into the delivery device 10 and preparing it for use. The
first seal 498 may be formed from an impermeable material and

may be disposed between the inner surface of the enlarged head
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308 of the constricting member 300’ and the outer surface of
the tubular extension 216 of the compression member 202’. The
first seal 498 may be in the form of an O-ring resting in an
annular groove on the outer surface of the tubular extension
216 of the compression member 202’ or in an annular groove on
the inside surface of the enlarged head 308 of the
constricting member 300’. The second seal 499 may also be
made of an impermeable material, preferably in the form of an
O-ring, and may rest in an annular groove formed on the inner
surface of the tubular member 302 of the constricting member
300". When the constricting member 300’ is placed over the
distal sheath 30 of the delivery device 10, the second
seal 499 is disposed Dbetween the 1inner surface of the
constricting member and the outer surface of the distal
sheath 30.

[0094] FIG. 23 depicts a constricting member 300’’ which
may include a portion 330 projecting radially outward at the
end opposite the enlarged head 308 for facilitating placement
of the constricting member 300’’ over the distal sheath 30 of
the delivery device 10. The outer diameter of the end
portion 330 may be larger than the outer diameter of the rest
of the tubular member 302, except for the enlarged head 308.
Such larger outer diameter allows a user to easily grab the
constricting member 300’’ while placing it over the distal
sheath 30 of the delivery device 10.

[0095] Many variants of the support member, compression
member and constricting member are available which will
function in substantially the same way as the components of
the loading assembly 200 described above. FIG. 24 shows a
support member 504 in accordance with an alternate embodiment
of the present invention. The structure and operation of this
support member 504 is similar to the support member 204 shown

in FIGS. 6A-6C. However, unlike support member 204, support
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member 504 may include an additional wall 550 extending
upwardly from one or more supporting plates 534 at a spaced
distance from outer wall 532, thereby defining a slot 552
between the outer wall and the additional wall. The slot 552
is sized and shaped to receive at least a portion of the rim
214 of compression member 202. Though the embodiment shown in
FIG. 24 includes four supporting plates 534 and four
additional walls 550, the support member 504 may include more
or fewer such plates and additional walls. Further, each pin
540 of the support member 504 extends inwardly from the
additional wall 550 toward a segment of outer wall 532. In
the embodiment depicted 1in FIG. 24, each pin 540 extends
inwardly from the center of a top edge of the additional wall
550; however, each pin 540 may extend inwardly from any other
locations of the additional wall 550 so long as there 1is
sufficient clearance between the pin and the supporting plate
534 to assemble the compression member 202 to the support
member 504. Irrespective of the exact location of each pin
540 on 1its respective wall 550, each pin is sized and shaped
to be received by a slot 228 of the compression member 202.

[0096] FIGS. 25A and 25B show a constricting member 600
similar to the constricting member 300 depicted 1in FIG. 7.
The constricting member 600 1is configured to prevent or
minimize the flaring of the distal end 21 of the distal sheath
30 during loading of prosthetic valve 100 into delivery device
10, and may be wholly or partly made of a transparent
material, such as polycarbonate or acrylic, to allow viewing
of the delivery device during the loading procedure. The
constricting member 600 may include a tubular member 602
having a central lumen 604 sized and shaped to slidingly
receive at least a portion of the distal sheath 30 of the

delivery device 10.
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[0097] As seen 1in FIG. 25B, constricting member 600 may
have a funnel portion 610 at one end 606 of the tubular member
602. The funnel portion 610 may have an inner surface 612
which tapers from a larger diameter at an end of constricting
member 600 to a smaller diameter where the inner surface 612
meets lumen 604 to help compress the valve 100 during loading
into delivery device 10. The outer diameter of funnel portion
610, however, 1s preferably about the same as the outer
diameter of tubular member 602, and in particular, is sized
and shaped for insertion into the opening 218 of the
compression member 202 for assembling the constricting member
600 to the compression member. The constricting member 600
may further include a transition portion 620 disposed between
the funnel portion 610 and the tubular member 602. The inner
diameter of the transition portion 620 may be slightly smaller
than the inner diameter of lumen 604 and slightly larger than
the outer diameter of the distal sheath 30 in order to
substantially prevent or minimize the flaring of the distal
end 21 of the distal sheath 30 while the valve 100 is loaded
in the delivery device 10. The larger diameter of the lumen
604 allows a user to easily slide the constricting member 600
over the distal sheath 30 of the delivery device 10.

[0098] FIG. 26 illustrates an assembled loading
assembly 200' including the compression member 202 of FIG. 5,
the support member 204 of FIG. 6 and the constricting member
600 of FIG. 25A. The compression member 202 and the support
member 204 may be connected to one another as described above.
With regard to the constricting member 600, at least the
funnel portion 610 of the constricting member 600 1is
positioned within the opening 218 of the tubular extension 216
of the compression member 202.

[0099] FIGS. 27A and 27B show a constricting member 700

according to another embodiment of the present invention. The
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constricting member 700  has the same purpose as the
constricting members 300 and 600 described above, and may be
made of the same materials. The constricting member 700 may
include a tubular member 702 having a central lumen 704 sized
and shaped to slidingly receive at least a portion of the
distal sheath 30 of the delivery device 10.

[0100] One end 706 of the tubular member 702 may include a
funnel portion 710 to help compress the valve 100 during
loading of the valve into the delivery device 10. The inner
surface of the funnel portion 710 may taper from a larger
diameter at an end of constricting member 700 to a smaller
diameter where funnel portion 710 meets lumen 704.

[0101] The other end 707 of the tubular member 702 may have
a funnel portion 709 which is substantially the same as funnel
portion 710. The funnel portion 709 may facilitate the
placement of constricting member 700 over the distal sheath 30
of the delivery device 10. The Jlumen 704 of constricting
member 700 between funnel portions 709 and 710 may have a
substantially constant diameter along its length, sufficient
in size to receive at least the distal sheath 30 of the
delivery device 10.

[0102] FIG. 28 depicts an assembled loading assembly 200''
including the compression member 202 of FIG. 5, the support
member 204 of FIG. 6 and the constricting member 700 of
FIG. 27A. The compression member 202 and the support member
204 may be connected to one another as described above. The
outer diameter of the ends 706 and 707 of the constricting
member 700 may be substantially similar to the outer diameter
of the tubular extension 216 of the compression member 202.
In such event, the funnel portions 709 and 710 will not fit
within or over the tubular extension 216. Rather, the ends
706 or 707 of the constricting member 700 may simply abut the

tubular extension 216 and not be connected to same.
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[0103] FIG. 29 shows a constricting member 800 according to
yet another embodiment of the present invention. The
constricting member 800 may be used in conjunction with any of
the compression members or support members described in the
present disclosure. Again, the constricting member 800 has
the same purpose as the constricting members described above,
and may be made of the same materials. The constricting
member 800 may be substantially cylindrical and have a central
lumen 804 sized and shaped to slidingly receive at least a
portion of the distal sheath 30 of the delivery device 10, as
shown. At one end 822, the inner diameter of the constricting
member 800 may be slightly larger than the outer diameter of
the distal sheath 30 of the delivery device 10. This diameter
may extend inwardly a distance from the end 822, at which
point the inner diameter may decrease sharply, defining a step
or shoulder 820 on the inner surface of the constricting
member 800. From the shoulder 820 to the opposite end 806 of
the constricting member 800, the inner surface 812 of lumen
804 gradually curves outwardly. The curved inner surface 812
of the constricting member 800 helps compress the valve 100
when the valve is loaded into the delivery device 10.

[0104] FIG. 30 illustrates a constricting member 900
according to still a further embodiment of the present
invention. The constricting member 900 1is substantially
similar to constricting member 800 described above. However,
rather than having Jjust the inner surface 912 of the
constricting member gradually curve outwardly from a shoulder
920 to an end 906, both the inner and outer surfaces may curve
outwardly in a horn configuration.

[0105] A constricting member 1000 in accordance with yet
another embodiment of the present invention 1is shown in
FIG. 31. The constricting member 1000 may be used 1in

conjunction with any of the compression members and support
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members described in the present disclosure, and may be made
of the same materials as the other constricting members
described above. The constricting member 1000 may be made of
a plurality of interlocking sections or segments 100la, 1001b,
1001c. Although FIG. 31 depicts a constricting member 1000
with three interlocking sections 100la, 1001b, 100lc, the
constricting member may 1include two or more interlocking
sections. The interlocking sections increase in diameter from
the section 100la having the smallest diameter to the section
1001c having the largest diameter. The interlocking section
100la has an end portion 1022 which may have a substantially
uniform inner diameter slightly larger than the diameter of
the distal sheath 30 of the delivery device 10. Accordingly,
the end portion 1022 of the interlocking section 100la may
receive at least a portion of the distal sheath 30. The
interlocking section 100la may increase 1in diameter in a
gradual or step-wise fashion from the end portion 1022 to the
opposite end 1003 thereof.

[0106] The end 1003 of interlocking section 100la 1is
connected to an end 1005 of a next adjacent interlocking
section 1001b. This connection may be made using any suitable
means, including adhesive, fasteners or a snap-fit connection.
The interlocking section 1001lb may increase in diameter in a
gradual or step-wise fashion from the end 1005 to its opposite
end 1009.

[0107] The end 1009 of interlocking section 1001b 1is
connected to an end 1011 of a next adjacent section 100lc
using any of the means noted above for connecting interlocking
sections 100l1la and 1001b together. The interlocking section
100lc may increase in diameter 1n a gradual or step-wise
fashion from the end 1011 to its opposite end 1013. Hence,
when assembled together, interlocking sections 1001la, 1001b

and 100lc collectively define an interior space 1004 which
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decreases in diameter from end 1013 to end portion 1022 to
help compress the valve 100 as it is loaded into the delivery
device 10.

[0108] FIG. 32 shows a splittable constricting member 1100
according to another embodiment of the present invention. The
constricting member 1100 may be used in conjunction with any
of the compression members and support members described in
the present disclosure, and may be sized and shaped to receive
the distal sheath 30 of the delivery device 10. In
particular, the constricting member 1100 includes one or more
tear lines 1102 extending in the longitudinal direction along
at least a portion of its length. The tear lines 1102 allow a
user to split the constricting member 1100, thereby
facilitating removal of the constricting member from the
distal sheath 30 of the delivery device. An end portion 1122
of the tear lines 1102 may already be torn to separate an end
of the constricting member 1100 into two or more portions,
enabling a user to grab one edge and split the remainder of
the constricting member along the tear lines.

[0109] Referring to FIG. 33, a splittable constricting
member 1200 according to an alternate embodiment of the
present invention may be sized and shaped to receive at least
a portion of the distal sheath 30. The constricting member
1200 includes at least two tear lines 1202 and 1204 extending
in the longitudinal direction along at least a portion of its
length. The tear lines 1202 and 1204 may extend along the
entire length of the constricting member 1200 or along a
portion thereof, and may be oriented substantially parallel to
one another. A pull tab 1206 may be provided to facilitate
the tearing of the constricting member 1200 along the tear
lines 1202 and 1204.

[0110] A constricting member 1300 in accordance with

another embodiment of the present invention is shown in
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FIG. 34. The constricting member 1300 may be wholly or partly
made of a substantially rigid material, such as a rigid metal
or polymer, and includes a lumen (not shown) extending
therethrough and dimensioned to receive at least a portion of
the distal sheath 30.

[0111] With reference to FIG. 35, a constricting member
1400 in accordance with a further embodiment of the present
invention may be in the form of a ring or collar 1402 formed
from a substantially rigid material, such as a rigid metal or
polymer. The ring 1402 may include an axial bore (not shown)
having an inner diameter that is slightly larger than the
outer diameter of the delivery sheath 30. When loading the
valve 100 into the delivery device 10, the ring 1402 may be
positioned about the distal end 21 of the distal sheath 30 to
substantially prevent it from flaring.

[0112] FIG. 36 depicts a compression member 1502 in
accordance with an alternate embodiment of the present
invention. The compression member 1502 is similar to
compression member 202 described above, and includes a
funnel 1506 having a substantially frusto-conical shape with a
large diameter at a first end 1508 and a smaller diameter at a
second end 1510. The diameter of the funnel 1506 may decrease
uniformly from the first end 1508 to the second end 1510 to
compress the wvalve 100 as it 1s advanced through the
compression member 1502. The compression member 1502 1is
preferably made of a substantially rigid material, and may be
wholly or partly made of a transparent material, such as
polycarbonate or acrylic, to allow viewing of the valve 100 as
it is advanced therethrough during a loading procedure.

[0113] An annular rim 1514 may extend from the first end
1508 of the funnel 1506 for joining the compression member
1502 to a support member, such as support member 1504

described below. A tubular extension 1516 may project from
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the second end 1510 of the funnel 1506. The tubular
extension 1516 has an opening 1518 therethrough in
communication with the interior of the funnel 1506. The

opening 1518 is sized and shaped to receive the distal sheath
30 of the delivery device 10 therein. The cross-section of
the tubular extension 1516 is ©preferably substantially
circular, but may be oblong, oval, elliptical, or polygonal.
[0114] The support member 1504 for use with the compression
member 1502 is shown in FIG. 37. The support member 1504 1is
preferably made in whole or in part of a substantially rigid
material, and includes a body 1519 having a substantially flat
or planar bottom support surface 1520 and a substantially flat
or planar top surface 1522. An outer wall 1540 may be spaced
from top surface 1522 so as to define an annular slot 1532,
sized and shaped to receive at least a portion of the rim 1514
of the compression member 1502 in a friction fit relationship.
[0115] Body 1519 has a generally cylindrical through bore
1530 which 1s sized and shaped to receive at least a portion
of the tip 32 of the delivery device 10 therein. An inner
wall 1536 may project upwardly from the top surface 1522 of
body 1519 concentrically with the bore 1530 and between the
bore and the outer wall 1540. The inner wall 1536 defines a
recess 1526 having a diameter and a depth sufficient to
receive at least a portion of the annulus section 106 of the
stent 102 in an expanded state.

[0116] FIG. 38 shows an alternate embodiment of a
compression member 1602 which is substantially similar to the
compression member 1502 described above. Thus, the
compression member 1602 includes a funnel 1606 having a first
end 1608, a second end 1610, a rim 1614, and a tubular
extension 1616 having an opening 1618. In addition, the
compression member 1602 includes an enlarged bead or lip 1628

formed on the free edge of the rim 1614. The bead 1628 may
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extend continuously along the entire free edge of the rim
1614, along a portion of the free edge of the rim, or may be
segmented so as to extend intermittently along the free edge
of the rim.

[0117] FIG. 39 illustrates a support member 1604 for use
with the compression member 1602 of FIG. 38. The support
member 1604 preferably is made in whole or 1in part of a
substantially rigid material and includes a body 1619 having a
substantially flat or planar bottom support surface 1620 and a
substantially flat or planar top surface 1622, Body 1619 has
a generally cylindrical through bore 1630 which is sized and
shaped to receive at least a portion of the tip 32 of the
delivery device 10 therein. A chamfer 1646 may be formed at
the intersection of bore 1630 with the top surface 1622. A
wall 1636 may project upwardly from the top surface 1622 of
body 1619 concentrically with the ©bore 1630 and spaced
outwardly therefrom. The wall 1636 defines a recess 1626
having a diameter and a depth sufficient to receive at least a
portion of the annulus section 106 of the stent 102 in an
expanded state.

[0118] The support member 1604 may further include a
plurality of locking arms 1634 extending radially outward from
the body 1619. Although FIG. 39 shows a support member having
four locking arms 1634, the support member 1604 may have a
greater or lesser number of such locking arms. Fach locking
arm 1634 has a substantially flat top surface 1650, which may
be substantially coplanar with the top surface 1622 of the
body 1619. Near their free ends 1648, each locking arm 1634
may include a curved slot 1652, with all of the curved slots
1652 1lying in the circumference of a single circle. Each
locking arm 1634 may further include an inwardly projecting
flange 1654 which partially occludes the top opening to its
respective slot 1652. Slots 1652 are sized and shaped to
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receive at least a portion of the rim 1614 of the compression
member 1602. In order to lock the compression member 1602 to
the support member 1604, the rim 1614 may be forcibly inserted
into slots 1652. The engagement of bead 1628 with the flanges
1654 will prevent the rim 1614 from escaping the slots 1652,
and will therefore make it difficult for the compression
member and the support member to become uncoupled.

[0119] FIG. 40 illustrates a support member 1704 which is a
variant of support member 1604, and which may also be used
with the compression member 1602. Rather than having
substantially flat top surfaces as in the support member 1604,
the locking arms 1734 of support member 1704 have top surfaces
1750 which are curved concavely from slots 1752 to the top
edge of wall 1736.

[0120] FIGS. 41 and 42 show a compression member 1802
according to a further embodiment of the present invention.
The compression member 1802 is similar to the compression
member 1602 and may be formed of the same materials as the
other compression members described above. Thus, the
compression member 1802 includes a tubular extension 1816, a
funnel 1806, and a rim 1814. The rim 1814 may include an
internal groove 1880 formed on an inner surface 1882 thereof.
The internal groove 1880 may extend continuously along the
entire length of the rim 1814, along a portion of the rim, or
may be segmented so as to extend intermittently along the rim.

[0121] FIG. 43 shows a support member 1804 according to the
present invention which is particularly designed for use with
the compression member 1802 of FIGS. 41 and 42. The support
member 1804 includes a body 1819 having a substantially flat
or planar bottom support surface 1820 and a substantially flat
or planar top surface 1822. Body 1819 has an outer wall 1840
and a generally cylindrical through bore 1830 sized and shaped

to receive at least a portion of the tip 32 of the delivery
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device 10. The intersection of bore 1830 with the top surface
1822 may be chamfered, as at 1846. An annular wall 1836 may
project upwardly from the top surface 1822 of body 1819
concentrically with the ©bore 1830 and spaced outwardly
therefrom so as to define a recess 1826 having a diameter and
a depth sufficient to receive at least a portion of the
annulus section 106 of the stent 102 in the expanded state.
[0122] The outer wall 1840 of body 1819 does not extend
continuously around the body, but rather is interrupted by a
plurality of inwardly curved indentations 1854 which divide
the outer wall into a plurality of outer wall segments 1833.
In an exemplary embodiment, the support member 1804 may have
four such indentations 1854 defining four outer wall segments
1833. Indentations 1854 facilitate the grasping of support
member 1804. Between the top of each outer wall segment 1833
and the bottom of wall 1836, body 1819 may have a concave
surface 1850. Surfaces 1850 may alternate with similar
concave surfaces 1858 extending between the top of each
indentation 1854 and the bottom of wall 1836, thus defining a
scalloped surface extending around the entire periphery of
body 1819.

[0123] A support plate 1834 projects radially outward from
the bottom end of each outer wall segment 1833. The support
plates 1834 may have a substantially flat top surface 1856,
and preferably have bottom surfaces which are substantially
coplanar with the bottom support surface 1820 of body 1819.
At their top ends, outer wall segments 1833 each include an
outwardly projecting lip 1852 having an inclined top surface
and a flat bottom surface spaced from the top surface 1856 of
a respective support plate 1834. In use, the lips 1852 are
adapted to be securely received in the groove 1880 of the
compression member 1802 so as to lock the compression member

to the support member 1804.
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[0124] FIG. 44 shows another support member 1904 according
to the present invention and particularly designed for use
with the compression member 1802. The support member 1904 is
substantially similar to the support member 1704 of FIG. 40,
but has the locking structure of FIG. 43. That is, support
member 1904 has a support plate 1934 projecting radially
outward from the bottom of each outer wall segment 1940, and a
lip 1952 projecting radially outward from the top of each
outer wall segment. The lips 1952 have an inclined top
surface and a flat bottom surface, and are sized and shaped to
be securely received in the groove 1880 of the compression
member 1802 to lock the compression member to the support
member 1904. During use, the compression member 1802 can be
locked to the support member 1904 by placing the rim 1814 of
the compression member against the lips 1952 of the support
member and pushing the members together so that the lips are
pushed into the groove 1880 of the compression member.

[0125] FIG. 45 shows a compression member 2002 according to
yet another embodiment of the present invention. The
compression member 2002 1is substantially similar to the
compression member 1602 of FIG. 38. However, rather than bead
1628, compression member 2002 includes one or more tabs 2028
protruding radially outward from the rim 2014. While FIG. 45
shows two such tabs 2028, the compression member 2002 may have
more or fewer tabs. Where the compression member 2002 has two
tabs 2028, they preferably are disposed diametrically apart
from one another. Where the compression member 2002 has more
than two tabs 2028, they preferably are spaced substantially
evenly apart along the rim 2014. The tabs 2028 may have any
shape, including, for example, rectangular, cylindrical,
triangular, elliptical, etc., capable of mating with the

support member 2004 described below.
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[0126] FIG. 46 shows the support member 2004 designed for
use with the compression member 2002. The support member 2004
is similar to the support member 504 of FIG. 24. However,

rather than having pins extending radially inward from outer
walls 2048, a number of the outer walls are formed in the
shape of a hook, as at 2040. The hooks 2040 have an open side
2041 and an upwardly extending recess 2043, both of which are
sized and shaped to receive the tabs 2028 of the compression
member 2002 for locking the compression member to the support
member 2004. Although each of outer walls 2048 may be formed
with a hook 2040, it will be understood that support member
2004 should have at least as many hooks as the compression
nmember 2002 has tabs 2028. Furthermore, the hooks 2040 should
be positioned around the periphery of supporting member 2004
so as to correspond with the positions of tabs 2028 on
compression member 2002.

[0127] Although the invention herein has been described
with reference to particular embodiments, 1t 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.

[0128] 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.
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CLAIMS

1. An assembly for loading a self-expanding prosthetic
heart valve into a delivery device, comprising:

a compression member having a longitudinal axis, a first
open end with a first diameter, a second open end with a
second diameter less than the first diameter, and a wall
decreasing in diameter from the first open end to the second
open end, the wall defining an open space adapted to receive
the valve;

a support member having a longitudinal axis, a base and a
recess extending along the longitudinal axis and adapted to
receive an end of the wvalve, the support member and the
compression member being movable relative to one another
between an initial position in which the base of the support
member 1s relatively far from the first open end of the
compression member and an operative position in which the base
of the support member is relatively close to the first open
end of the compression member, wherein movement of the support
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; and

a constricting member having a first end and a second
end, the second end of the constricting member being sized to
receive the compressed valve from the second open end of the
compression member.

2. The assembly according to <claim 1, wherein the
constricting member includes an elongated tubular portion
between the first end and the second end, the elongated
tubular portion having a lumen sized to slidably receive at

least a distal sheath of the delivery device.
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3. The assembly according to claim 2, wherein the
constricting member further includes an end member on the
second end, the end member having a free end and another end
connected to the tubular portion, the lumen of the tubular
portion having a substantially constant diameter, and the end
member having a first diameter at the free end, a second
diameter less than the first diameter at the another end, and
a wall decreasing in diameter from the free end to the another
end.

4. The assembly according to claim 3, further
comprising

a tubular extension on the second open end of the
compression member, the tubular extension having a lumen
therethrough, the tubular extension being engaged with the end
member of the constricting member; and

a first seal interposed between the end member of the
constricting member and the tubular extension of the
compression member.

5. The assembly according to claim 4, further
comprising a second seal disposed 1in the lumen of the
elongated tubular portion of the constricting member.

6. The assembly according to claim 2, wherein the
constricting member further includes an end member on the
first and second ends thereof, each end member having a free
end and another end connected to the tubular portion, the
lumen of the tubular portion having a substantially constant
diameter, and each end member having a first diameter at the
free end, a second diameter less than the first diameter at
the another end, and a wall decreasing 1in diameter from the
free end to the another end.

7. The assembly according to claim 1, further
comprising a tubular extension on the second open end of the

compression member, the tubular extension having a lumen
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therethrough, the lumen having a diameter which is
substantially equal to the second diameter.

8. The assembly according to claim 7, wherein the
second end of the constricting member is sized and shaped for
assembly to the tubular extension.

9. The assembly according to claim 1, wherein the
constricting member includes a plurality of interlocking
segments connected to one another, each of the interlocking
segments having a first end with a first diameter, a second
end with a second diameter greater than the first diameter,
and a wall increasing in diameter from the first end to the
second end, the interlocking segments being connected together
in series with the second end of one interlocking segment
connected to the first end of a next adjacent interlocking
segment.

10. The assembly according to claim 9, wherein the
diameter of the wall increases in step-wise fashion.

11. The assembly according to <claim 9, wherein the
diameter of the wall increases uniformly from the first end to
the second end.

12. The assembly according to claim 1, further
comprising at least one tear line extending in a longitudinal
direction between the first end and the second end of the
constricting member for splitting the constricting member in
the longitudinal direction.

13. The assembly according to claim 1, wherein the wall
of the compression member decreases in diameter uniformly from
the first open end to the second open end.

14. The assembly according to claim 1, further
comprising a locking assembly for locking the compression
member to the support member.

15. The assembly according to c¢laim 14, wherein the

locking assembly includes a male connecting member on one of
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the support member or the compression member, and a female
connecting member on the other of the support member or the
compression member for mating with the male connecting member.

16. The assembly according to claim 15, wherein the male
connecting member includes a plurality of pins extending in
radial directions from the longitudinal axis of the one of the
support member or the compression member, and the female
connecting member includes a plurality of features on the
other of the support member or the compression member adapted
to mate with the plurality of pins.

17. The assembly according to c¢laim 15, wherein the
female connecting member includes an annular groove extending
along an inner surface of the first open end of the
compression member, and the male connecting member includes a
plurality of locking tabs on the support member adapted to
engage the annular groove of the compression member so as to
connect the support member to the compression member.

18. The assembly according to claim 15, wherein the male
connecting member includes an annular rim extending from the
first open end of the compression member, and the female
connecting member includes an annular slot on the support
member sized to receive the rim so as to connect the
compression member to the support member.

19. The assembly according to claim 14, wherein the
locking assembly includes a bead extending along an outer
periphery of the first open end of the compression member and
locking tabs on the support member, the locking tabs being
configured to engage the bead of the compression member so as
to connect the support member to the compression member.

20. The assembly according to claim 1, wherein the
support member has a through bore extending along the

longitudinal axis of the support member, the through bore
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being sized to receive a tip of the delivery device
therethrough.

21. A method for loading a self-expanding prosthetic
heart wvalve into a delivery device, the delivery device
including a tip, a retaining element, a compartment defined
between the +tip and the retaining element and adapted to
receive the heart wvalve, and a distal sheath movabie between a
closed position fully covering the compartment and an open
position uncovering the compartment, and the heart valve
including a stent, a valve assembly supported by the stent,
and at least one retainer at one end of the stent, the heart
valve having an expanded condition and a collapsed condition,
the method comprising:

inserting the heart valve in the expanded condition into
a compression member having an inner surface which decreases
in diameter uniformly from a first open end to a second open
end;

advancing the heart valve through the compression member
until the at least one retainer protrudes from the second open
end of the compression member;

positioning the delivery device in an initial position in
a constricting member, the constricting member having a first
end, a second end, and an elongated tubular portion between
the first end and the second end, the delivery device in the
initial position having the distal sheath in the open position
and the retaining element positioned outside the constricting
member;

attaching the at least one retainer of the heart valve to
the retaining element of the delivery device; and

moving the distal sheath of the delivery device to the
closed position, during which the heart wvalve 1is advanced

through the second open end of the compression member and into
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the elongated tubular portion of the constricting member to
place the heart valve in the collapsed condition.

22. The method according to claim 21, further comprising
filling at least a portion of the compression member with a
sterile liquid before moving the distal sheath of the delivery
device to the closed position to remove air from the heart
valve and the delivery device.

23. The method according to claim 22, further comprising
removing air from the heart valve and the delivery device by

agitating the sterile liquid in the compression member.

24. The method according to claim 23, wherein the valve
assembly includes an annular cuff supported by the stent and a
plurality of leaflets supported within the cuff, and the air
removal step includes moving a probe in the sterile liquid

between the cuff and the plurality of leaflets.

25. The method according to claim 24, wherein the air
removal step includes moving a syringe in the sterile liquid

adjacent the retaining element of the delivery device.

26. The method according to «c¢laim 21, wherein the
delivery device further includes a tubular outer shaft between
the retaining element and an operating handle, the method
further comprising dispensing a sterile 1liquid into the

delivery device to remove air bubbles from the outer shaft.

27. The method according to claim 21, further
comprising submerging the distal sheath of the delivery device
and the heart valve into a container holding a sterile liquid
before moving the distal sheath of the delivery device to the
closed position to remove air from the heart valve and the

delivery device.
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28. The method according to claim 21, further comprising
joining the constricting member to the compression member
after attaching the at least one retainer of the heart valve

to the retaining element of the delivery device.

29. The method according to claim 21, wherein the step
of advancing the heart valve includes pushing the heart valve
through the compression member using a support member, the
support member having a recess dimensioned to receive at least

a portion of the heart valve.

30. The method according to claim 29, further comprising
connecting the support member to the compression member after

the step of advancing the heart wvalve.
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1. claims: 1-20(completely); 29, 30(partially)

An assembly for loading a self-expanding prosthetic heart
valve into a delivery device comprising a support member
having a Tongitudinal axis, a base and a recess adapted to
receive an end of the valve, wherein the support member is
adapted to push the valve into the open space of a
compression member such that the valve is radially
compressed by the tapered wall of the compression member,
and a corresponding method
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A method for loading a self-expanding prosthetic heart valve
into a delivery device having a tip, a retaining element, a
compartment defined between the tip and the retaining
element, and a distal sheath in closed position fully
covering the compartment, the method comprising the steps of
attaching at Teast one retainer of the valve to the
retaining element of the delivery device, and moving the
distal sheath into the closed position during advancement of
the valve in compressed condition through the second end of
the compression member and the tubular portion of the
constricting member, to place the heart valve in the
collapsed condition.
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