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BIFURCATION STENT CRIMPING SYSTEMS AND METHODS

Technical Field

This disclosure relates to catheter assemblies configured for treatment of a

vessel bifurcation.

Background

Catheters are used with stents and inflatable structures to treat conditions such
as strictures, stenoses, and narrowing in various parts of the body. Various catheter
designs have been developed for the dilatation of stenoses and to deliver and deploy
stents at treatment sites within the body.

Stents are typically intraluminally placed by a catheter within a vein, artery, or
other tubular shaped body organ for treating conditions such as, for example,
occlusions, stenoses, aneurysms, dissections, or weakened, diseased, or abnormally
dilated vessels or vessel walls, by expanding the vessels or by reinforcing the vessel
walls. Once delivered, the stents can be expanded using one or more inflatable
members such as balloons. Stents can improve angioplasty results by preventing
elastic recoil and remodeling of the vessel wall and treating dissections in blood
vessel walls caused by balloon angioplasty of coronary arteries. Stents can also be
used as a drug delivery medium for treatment of damaged portions of a vessel.

While conventional stent technology is relatively well developed, stent
technologies related to treatment of the region of a vessel bifurcation are still being
developed.

Summary of the Disclosure

The present disclosure relates to stent crimping systems and methods for use in
preparing a bifurcation catheter assembly for use in a patient. One aspect of the
present disclosure relates to a catheter assembly that includes main and side catheter
branches and a stent. The stent includes a side branch aperture through which the side
catheter branch extends. The stent is crimped onto the main and side catheter
branches with a crimping mechanism in two crimping steps. In the first crimping
step, only a distal end portion of the stent is crimped while the side catheter branch
remains extending through the side branch opening of the stent and remains
positioned outside of the crimping mechanism. In a second crimping step, the entire

stent is crimped with the crimping mechanism.
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Another aspect of the present disclosure relates to a recess feature defined in
the crimping mechanism. The crimping mechanism includes a plurality of radially
moveable crimping members that define a crimping chamber and a side surface. A
recess can be defined in the side surface. The recess can be sized to receive a distal
end portion of the side catheter branch during the first crimping step.

There is no requirement that an arrangement include all features characterized

herein to obtain some advantage according to this disclosure.

Brief Description of the Drawings

Figure 1 is a schematic side view of an example catheter assembly in
accordance with principles of the present disclosure with the entire stent in a crimped
state.

Figure 2 is a schematic side view of main and side catheter branches of the
catheter assembly shown in Figure 1 with mandrels inserted therein.

Figure 3 is a schematic side view of an example stent in accordance with
principles of the present disclosure.

Figure 4 is a schematic side view of the example stent shown in Figure 3 in a
flared state.

Figure 5 is a schematic side view of the catheter assembly shown in Figure 1
with the mandrel of the side catheter branch retracted proximal of a side branch
opening of the stent.

Figure 6 is a schematic side view of the catheter assembly shown in Figure 5
with a distal end of the side catheter branch moved radially away from the main
catheter branch.

Figure 7 is a schematic perspective view of the catheter assembly shown in
Figure 6 with a distal end portion of the stent positioned in a crimping mechanism.

Figure 8 is a schematic side view of the catheter assembly shown in Figure 6
with the distal end portion of the stent in a crimped state.

Figure 9 is a schematic perspective view of the catheter assembly shown in
Figure 8 with the entire stent positioned within the crimping mechanism.

Figure 10 is a schematic perspective view of another example crimping
mechanism in accordance with principles of the present disclosure.

Figure 11 is a schematic cross-sectional view of the crimping mechanism

shown in Figure 10 taken along cross-sectional indicators 11-11.
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Figure 12 is a schematic cross-sectional view of another example crimping
mechanism in accordance with principles of the present disclosure.

Figure 13 is a schematic side view illustrating another example mandrel
configuration in accordance with principles of the present disclosure.

Figure 14 is a schematic side view of another example main catheter branch
having a side balloon formed integral with a main balloon thereof in accordance with
principles of the present disclosure.

Figure 15 is a schematic side view of the catheter assembly shown in Figure 1
with the main and side balloons in an inflated state to expand the stent into

engagement with a vessel bifurcation.

Detailed Description

This disclosure relates to bifurcation treatment systems, catheter assemblies,
methods of assembling such bifurcation treatment systems and assemblies, and related
devices and apparatuses for use in such methods. The term bifurcation means a
division location from one unit into two or more units. Generally, two types of
bifurcations of a body organ include: 1) a main tubular member defining a main
lumen and a branch tubular member defining a branch lumen that extends or branches
off from the main tubular member, wherein the main and branch lumens are in fluid
communication with each other, and 2) a primary or main member defining a primary
or main lumen (also referred to as a parent lumen) that splits into first and second
branch members defining first and second branch lumens. The term lumen means the
cavity or bore of a tubular structure such as a tubular organ (e.g., a blood vessel).

An example bifurcation is a vessel bifurcation that includes a continuous main
vessel and a branch vessel, wherein the vessels define a main lumen and a branch
lumen, respectively that are in fluid communication with each other. Alternatively, a
vessel bifurcation can include a parent vessel that divides into first and second branch
vessels, wherein the vessels define a parent lumen and first and second branch
lumens, respectively, which lumens are all in fluid communication with each other.

Example applications of the inventive principles disclosed herein include
cardiac, coronary, renal, peripheral vascular, gastrointestinal, pulmonary, urinary, and
neurovascular systems.

The systems, apparatuses and methods disclosed herein can be used to

assemble all or portions of various bifurcation treatment systems and assemblies. One
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example step in the assembly of a bifurcation treatment system includes crimping a
stent onto a pair of catheter branches—a main catheter branch and a side catheter
branch. The main catheter branch includes a main balloon, a side balloon configured
to extend radially outward relative to the main balloon when inflated, and a main
guidewire housing. The side catheter branch defines a branch guidewire housing and
is arranged to extend through a side branch opening of the stent. The side branch
opening of the stent is defined in a sidewall of the stent at a location between distal and
proximal open ends of the stent. In some assembly systems and methods, three or
more applications of a crimping force to the stent via a crimping assembly is required
to properly crimp the stent without causing damage to the main and branch vessels.

In one arrangement, the side catheter branch must be removed from the stent
prior to initial crimping of a distal portion of the stent onto the main catheter branch.
In a second crimping step, the side catheter branch is inserted through the side branch
opening of the stent and then only the proximal portion of the stent is crimped onto
the main and side catheter branches. In a third crimping step, the entire stent is
crimped onto the main and side catheter branches to help reduce a profile of the stent
particularly in the area of the side branch opening.

The use of three or more separate crimping steps adds significant time and
complexity to the process of assembling and crimping a bifurcation catheter assembly.
Further, a crimping process that includes removal of the side catheter branch from the
stent during or between any one of the crimping steps typically requires that the side
catheter branch is disconnected from the main catheter branch. This reduces the
possibility of certain bonding arrangements for connection of the side catheter branch
to the main catheter branch at a location proximal of the stent. Such a proximal bond
is desirable in some dual monorail (e.g., dual rapid exchange (Rx)) catheter systems
and bifurcation catheter assemblies. Bond arrangements possible post-crimping of the
stent are usually limited to adhesive bonds. Bonding arrangements requiring
application of heat (e.g., heat bonding and laser bonding) sometimes cannot be used in
close proximity to a stent. Bonding the side catheter branch to the main catheter
branch after crimping the stent can also inhibit opportunities to conduct positive
pressure testing of the main and side catheter branches, since application of a positive
pressure to the catheter assembly after the stent is crimped thereto tends to re-expand

the stent.
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The Example Apparatuses and Assembly Methods of Figures 1-9

Referring now to Figure 1, an example catheter assembly 10 is shown and
described. The catheter assembly 10 includes a main catheter branch 12, a side
catheter branch 14, and a stent 16. The stent 16 is mounted to the main and side
catheter branches 12, 14 with the side catheter branch 14 extending through a side
branch opening 88 of the stent 16. The stent 16 is shown crimped to the main and
side catheter branches 12, 14. Crimping of the stent 16 is performed in two steps as
will be described in further detail below. In a first step, a crimping force is applied to
a distal portion of the stent in the area labeled 94 distal of the side branch opening §8.
In a second step, a crimping force is applied to the entire stent 16 in the crimping area
labeled 96. No additional application of crimping forces (i.e., crimping steps) should
be required prior to, in between, or after application of the crimping force is to the first
and second crimping areas 94, 96 in order for the catheter assembly 10 to be prepared
for application in a patient.

The process or method of assembling the catheter assembly 10 and crimping
stent 16 into the package shown in Figure 1 begins with first advancing first and
second mandrels 22, 24 into the main and side catheter branches 12,14, respectively
as shown in Figure 2. The main catheter branch 12 can include a catheter shaft 30, a
main guidewire housing 32, a main balloon 34, and a side balloon arrangement 40.
The main balloon 34 includes a distal end portion 36 and a proximal end portion 38.
The side balloon arrangement 40 includes a side balloon 42 (shown in a deflated state
in Figures 1 and 2 and in an inflated state in Figure 15), a distal inflation segment 44,
and proximal inflation segment 46. Typically, the side balloon 42 is connected in
fluid communication with the main balloon 34 via at least one of the distal and
proximal inflation segments 44, 46. The side balloon 42 is configured to extend
radially outward from the main balloon 34 upon inflation of the side balloon 42 as
shown in Figure 15.

The side catheter branch 14 can be connected to the main catheter branch 12 at
a location proximal of the main balloon 34 and typically within a range of about 10 to
about 100 mm from the main balloon 34 to facilitate a dual monorail catheter system
arrangement. Providing such a proximal bond between the main and side catheter
branches 12, 14 permits positive pressure testing of the catheter assembly 10 prior to
crimping the stent 16. Vacuum pressure testing of the catheter assembly 10 can be

conducted after formation of the proximal bond and prior to or after the crimping step.
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Typically, the first and second mandrels 22, 24 are extended from distal ends
of the main guidewire housing 32 and the side catheter branch 14 a distance in the
range of about 5 to about 40 mm, and more preferably in the range of about 20 to about
30 mm. The main guidewire housing 32 typically extends through an interior of the
main balloon 34 and into the catheter shaft 30. A space defined between the main
guidewire housing 32 and an interior of the catheter shaft 30 can define an inflation
lumen that provides delivery of inflation fluid to the main and side balloons 34, 42,
and deflation thereof. The main guidewire housing 32 and the side catheter branch 14
define main and branch guidewire lumens sized to receive main and branch
guidewires 18, 19 (see Figure 15).

Figure 3 illustrates the stent 16 in a pre-flared, pre-crimped state. The stent 16
includes a distal end portion 80, a distal open end 82, a proximal end portion 84, a
proximal open end 86, a side branch opening 88, and a plurality of side expandable
members 90 (see Figure 15). The proximal and distal end portions 80, 84 are
typically defined in a region between the side branch opening 88 and the distal and
proximal open ends 82, 86, respectively. In some arrangements, the side branch
opening 88 and at least portions of the side expandable members 90 that help define
the side branch opening 88 are not included in either of the distal and proximal end
portions 80, 84.

There are many stent constructions possible for stent 16. Some example stent
constructions are disclosed in U.S. Published Patent Application Nos. 2004/0267352
and 2006/0036315, which are incorporated herein by reference in their entirety.

Figure 4 illustrates stent 16 in a flared state. Portions of the stent 16 can be
flared to a larger internal diameter for improved ease in inserting the main and side
catheter branches 12, 14 into the stent 16. A flaring tool can be inserted into one or
both of the distal and proximal open ends 82, 86 to expand the stent 16. The flaring
tool can have different shapes and sizes to provide the desired amount of flaring or
expansion of the stent in certain regions of the stent. Figure 4 illustrates the proximal
end portion 84 flared or expanded to a greater size than the distal end portion 80. The
increased size of the proximal end portion 84 can provide space necessary for
positioning both the main and side catheter branches 12, 14 in the proximal end portion
84, while the distal end portion 80 is sized to receive only the main catheter branch 12
as shown in Figure 5.

With the main and side catheter branches 12, 14 positioned within the stent 16
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with the side catheter branch 14 extending out of the side branch opening 88, the
second mandrel 24 is retracted proximally until a distal end 26 thereof is positioned in
alignment with the side branch opening 88. Positioning of the mandrel 24 in this
orientation permits bending or other radial or lateral movement of the side catheter
branch distal end 48 relative to the main catheter branch 12 and stent 16. Movement
of the distal end 48 while maintaining the remaining portions of the side catheter
branch 14 fixed relative to the main catheter branch 12 can help in interfacing with a
crimping mechanism 50 to provide crimping of the distal end portion 80 of the stent
16.

Figure 6 illustrates the distal end portion 48 of the side catheter branch 14
moved radially outward relative to the distal open end 82 of the stent 16 a distance X
and at an angle . The distance X can be in the range of, for example, 5 to about 20
mm. The distance X can vary depending on, for example, the size and shape of the
stent 16 and the materials and construction of the side catheter branch 14. The angle
f can be in the range of about 10 to about 45 degrees, and more preferably in the range
of about 25 to about 35 degrees. The spaced arrangement of the distal end 48 relative
to the distal open end 82 of the stent 16 is preferably maintained without any external
force. Such a bent or curved shape as shown in Figure 6 can be at least temporarily
set in the side catheter branch 14 by over extending the distal end 48 a distance in the
direction of angle /3, for example, a distance X in the range of 10 to 40 mm or an angle
S of 45 to 90 degrees and maintain that position for a predetermined time period.

The catheter assembly 10 with the bent distal end 48 of the side catheter
branch 14 is then inserted into a crimping mechanism 50 as shown in Figure 7. The
crimping mechanism 50 includes a plurality of crimping blades 52 and a front face 56.
The crimping blades 52 are arranged adjacent to each other to define a core 54 sized to
receive the catheter assembly 10. The of crimping blades 52 are moved radially
inward and outward to change the size of core 54 and to apply a radially inward
directed crimping force upon the stent 16.

A distal end of the catheter assembly 10 is inserted distally into the core 54 up
to the point of the side branch opening 88 of the stent 16. The distal end portion 80 of
the stent 16 along with the distal end portion 36 of the main balloon 34 and the distal
inflation segment 44 of the side balloon arrangement 44 and distal portions of the
main guidewire housing 32 are all positioned within the core 54. The pre-bent shape

of the side catheter branch 14 as shown in Figure 6 can maintain the side catheter
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branch 14 out of the core 54 when positioning the catheter assembly in the orientation
shown in Figure 7. The side catheter branch 14 maintains a position extending
through the proximal end portion 84 of the stent and protrudes out of the side branch
opening 88. The distal end 48 of the side catheter branch 14 remains out of the core
54 and is bent radially away from the stent 16 along the front face 56 of the crimping
mechanism 50. In the arrangement shown at Figure 7, the distal end portion 48 of the
side catheter branch 14 extends at an angle £ of about 90 degrees relative to the stent
16 and a longitudinal axis of the main catheter branch 12.

With the catheter assembly 10 arranged as shown in Figure 7, a crimping force
is applied to the distal end portion 80 of the stent 16 with the crimping mechanism 50
to reduce an outer profile (i.e., draw down) the distal end portion of the stent 16.
Typically, the amount of time required to arrange the catheter assembly 10 as shown in
Figure 7 and apply the crimping force with the crimping mechanism 50, followed by
removal of the catheter assembly 10 is in the range of about 20 to about 60 seconds.
Arranging the distal end portion 48 of the side catheter branch 14 in the bent
arrangement shown in Figure 7 for this relatively short period of time typically does
not result in permanent deformation of or damage to the side catheter branch 14 in the
area of the side branch opening 88 of stent 16. After removal of the catheter assembly
10 from the crimping mechanism 50, the second mandrel 24 is advanced distally out of
the distal end portion 48 until the distal end 26 is extending distally beyond a side
catheter branch 14 a distance of, for example, about 20 to about 30 mm. The second
mandrel 24 has a generally linear shape and a stiffness sufficient to realign the side
catheter branch 14 in a linear arrangement as shown in Figure 8.

Figure 8 further illustrates how the distal end portion 80 of the stent 16 has
been drawn down to an outer profile size reduced from the arrangement shown in
Figure 5 and significantly smaller than the outer profile of the proximal end portion 84
of the stent 16. The catheter assembly 10 in the arrangement shown in Figure 8 is
now prepared for a second crimping step. The catheter assembly 10 shown in Figure
8 is advanced into the core 54 of the crimping mechanism 50 so that the entire stent is
positioned within the core 54 (i.e., the compression area 96 shown in Figure 1). The
first and second mandrels 22, 24 prevent damage to the first and second catheter
branches 12, 14 during application of the crimping force by the crimping mechanism
50. When the crimping force is applied by the crimping mechanism 50, the proximal

end portion 84 as well as any intervening portions of stent 16 between the proximal
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and distal end portions 80, 84 in the area of side branch opening 88 are compressed or
otherwise drawn down to a minimum outer profile (i.e., the size shown in Figure 1).
The crimping force is then released from the crimping mechanism, the core size 54 is
increased, and the catheter assembly 10 with fully crimped stent 16 is removed from
the crimping mechanism 50.

Typically, the amount of force applied by the crimping mechanism 50 during
the crimping steps shown and described with reference to Figures 7 and 9 is in the
range of about 10 to about 15 psi, and more typically in the range of about 12 to about
14 psi.

In further steps of preparing the catheter assembly 10 for application in a
patient can include removing the first and second mandrels 22, 24 from the catheter
assembly 10 and replacing mandrels 22, 24 with product application mandrels (not
shown). A further step can include applying a balloon protecting sleeve over portions
of the catheter assembly 10, particularly in the area of the main and side balloons 34,
42. The catheter assembly 10 can also be positioned within a guiding catheter prior to
use in a patient.

Figure 15 illustrates use of the catheter assembly 10 with the stent 16 crimped
as shown in Figure 1 for treatment of a vessel bifurcation 70. The vessel bifurcation
70 includes a main vessel 72, a branch vessel 74, and an ostium or opening into the
branch vessel 76. Steps of treating the vessel bifurcation 70 with the catheter
assembly 10 can include first advancing main and branch guidewires 18, 20 into the
main and branch vessels 72, 74, respectively. Distal ends of the main and branch
guidewires 18, 20 are inserted into the distal end of main guidewire housing 32 and the
distal end 48 of side catheter branch 14, respectively. The catheter assembly 10 is
then advanced over the guidewires 18, 20 to the vessel bifurcation 70. The catheter
assembly 10 is adjusted axially and radially until the side branch opening 88 of the
stent 16 is aligned with the ostium 76. Positioning of the distal end portion 48 of the
side catheter branch 14 within the branch vessel 74 can improve attaining and
maintaining alignment of the side branch opening 88 with the ostium 76.

With the catheter assembly 10 properly aligned relative to the vessel
bifurcation 70, the main balloon 34 is inflated to expand the stent into engagement
with the main vessel 72, and the side balloon 42 is inflated to expand the expandable
members 90 of the stent 16 through the ostium 76 and into at least partial engagement

with the branch vessel 74. The balloons 34, 42 are then deflated and the main and
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side catheter branches 12, 14 are retracted proximally from the stent 16. Further
treatment of the vessel bifurcation 70 can be performed by advancing a post dilation
balloon through the side branch opening 88 to inflate it and further expand the
expandable members 90 into engagement with the branch vessel 74. In still further
treatment steps, a secondary stent can be advanced through the side branch opening 88
and into the branch vessel 74. The secondary stent can be expanded into engagement

with the branch vessel 74 and at least partially overlaps the expandable members 90.

Further Examples and Arrangements of Figures 10-14

The crimping mechanism can have features that can help reduce the bent angle
of the side catheter branch 14 during the first crimping step shown in Figure 7.
Figures 10 and 11 illustrate another example crimping mechanism 150 that includes a
plurality of crimping blades 52, a core 54, a front face 56, and a recessed portion 58.
Although alternatives are possible, the recess portion 58 can be formed by removing
portions of at least one of the plurality of crimping blades 52 along the front face 56.
Preferably, the crimping blades 52 have a full width W along the core 54 to ensure
that an internal circumference core is defined along the width W. The recessed
portion 58 can extend from the core 54 at the front face 56 inward into the crimping
mechanism 50 as shown in Figure 11. The recessed portion 58 can include a slanted
or ramped surface 60 extending at an angle y from a central axis of the core 54.

The recessed portion 58 provides a space within which the distal end portion
48 of the side catheter branch 14 can extend during the first crimping step shown in
Figure 7. The recessed portion 58 provides for a less significant bend in the side
catheter branch 14 at the side branch opening 88, which can reduce potential
incidence of damage, permanent deformation, or other adverse effects on the side
catheter branch 14 during the first crimping step.

Figure 12 illustrates another example of recessed portion 158 constructed as a
generally rectangular shape recess that does not extend to an outer periphery 159 of
the crimping mechanism 150. Many other recess portion constructions are possible.
In some arrangements, the recessed portion is defined in only a single one of the
plurality of crimping blades 52. In other examples, each of a plurality of adjacent
crimping blades has a different amount of material removed to define a recess portion
58 with a specific shape and size.

The recessed portions 58, 158 described herein are defined relative to a front

10
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face 56 that is arranged generally perpendicular to a longitudinal axis of the crimping
mechanism 150. In other arrangements, the front face 56 its can be arranged at a non-
perpendicular angle relative to the longitudinal axis of the crimping mechanism 150.

Other constructions for crimping mechanisms are described in U.S. Patent No.
7,225,518, which discloses different core constructions and other features related to
crimping mechanisms. U.S. 7,225,518 patent is incorporated herein by reference.

Figure 13 illustrates an alternative construction for a second mandrel 124. The
second mandrel 124 includes a bend portion 128 that provides a bend angle a. The
bend angle a preferably is in the range of about 45 to about 120 degrees, and more
preferably in the range of about 80 to about 100 degrees. Providing a second mandrel
124 within the side catheter branch 14 with a bend portion 128 arranged at the side
branch opening 88 of the stent 16 can reduce incidence of buckling, pinching, and
other types of deformation in the side catheter branch 14 when arranging the catheter
assembly 10 in the crimping mechanism 50 during the first crimping step shown in
Figure 7.

The mandrel 124 can be inserted into the side catheter branch 14, typically
through the distal end portion 48 prior to or after positioning of the side catheter
branch 14 within the stent 16 and extending through the side branch opening 88. The
mandrel 124 can be removed from the side catheter branch 14 after the first crimping
step and prior to insertion of the second mandrel 24 into the side catheter branch 14
(see Figure 8) prior to the second crimping step (see Figure 9).

The angle o can vary depending on, for example, the construction of the
crimping mechanism 50. When the crimping mechanism includes a recess portion
(see crimping mechanism 150 described with reference to Figures 10-12), the angle o
can be greater than 90 degrees and up to an angle wherein the sum of angle o and
angle v is about 180 degrees.

In other arrangements, the second mandrel 124 can include more than one
bend or angled portion 128. For example, one angled portion can be arranged at the
side branch opening 88, while a second angled portion can be arranged distal of the
side branch opening 88 along the length of the side catheter branch 14. The second
angled portion can be positioned at, for example, a location that would provide
improved positioning of the distal end portion 48 within the recessed portion 58 of the
crimping mechanism 150.

The example catheter assembly 10 described above with reference to Figures

11
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1-9 includes a side balloon arrangement 40 with the side balloon 42 as a separate
inflatable balloon structure from the main balloon 34. In other arrangements, the side
balloon can be formed integral with or otherwise positioned on the main balloon.
Figure 14 illustrates a main balloon 134 with a side balloon 142 positioned on an
external surface thereof at a location spaced between the distal and proximal ends
136, 138. The side balloon 142 can be formed integral with the main balloon 134. In
other arrangements, the side balloon 142 can be formed as a separate piece that is
mounted to the main balloon 134 and a separate assembly using, for example, a

bonding arrangement such as adhesives or heat bonding.

Materials and Other Considerations

The example systems disclosed herein may be used in over-the-wire or rapid
exchange systems. Some example rapid exchanges systems are disclosed in U.S.
Published Patent Application No. 2003/0181923 to Vardi et al., which application is
incorporated herein by reference.

The materials used in the balloons, catheter shafts, and guidewire housing
members disclosed herein can be made of any suitable material including, for
example, thermoplastic polymers, polyethylene (high density, low density,
intermediate density, linear low density), various co-polymers and blends of
polyethylene, ionomers, polyesters, polycarbonates, polyamides, poly-vinyl chloride,
acrylonitrile-butadiene-styrene copolymers, polyether-polyester copolymers, and
polyetherpolyamide copolymers. One suitable material is Surlyn®, a copolymer
polyolefin material (DuPont de Nemours, Wilmington, Del.). Still further suitable
materials include thermoplastic polymers and thermoset polymeric materials,
poly(ethylene terephthalate) (commonly referred to as PET), thermoplastic polyamide,
polyphenylene sulfides, polypropylene. Some other example materials include
polyurethanes and block copolymers, such as polyamide-polyether block copolymers
or amide-tetramethylene glycol copolymers. Additional examples include the
PEBAX® (a polyamide/polyether/polyester block copolymer) family of polymers,
e.g., PEBAX® 70D, 72D, 2533, 5533, 6333, 7033, or 7233 (available from EIf
AtoChem, Philadelphia, Pa.). Other examples include nylons, such as aliphatic
nylons, for example, Vestamid L2101 IF, Nylon 11 (EIf Atochem), Nylon 6 (Allied
Signal), Nylon 6/10 (BASF), Nylon 6/12 (Ashley Polymers), or Nylon 12. Additional

examples of nylons include aromatic nylons, such as Grivory (EMS) and Nylon
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MXD-6. Other nylons and/or combinations of nylons can also be used. Still further
examples include polybutylene terephthalate (PBT), such as CELANEX® (available
from Ticona, Summit, N.J.), polyester/ether block copolymers such as ARNITEL®
(available from DSM, Erionspilla, Ind.), e.g., ARNITEL® EM740, aromatic amides
such as Trogamid (PA6-3-T, Degussa), and thermoplastic elastomers such as
HYTREL® (Dupont de Nemours, Wilmington, Del.). In some embodiments, the
PEBAX®, HYTREL®, and ARNITEL® materials have a Shore D hardness of about
45D to about 82D. The balloon materials can be used pure or as blends. For
example, a blend may include a PBT and one or more PBT thermoplastic elastomers,
such as RITEFLEX® (available from Ticona), ARNITEL®, or HYTREL®, or
polyethylene terephthalate (PET) and a thermoplastic elastomer, such as a PBT
thermoplastic elastomer. Additional examples of balloon material can be found in
U.S. Pat. No. 6,146,356. It should be understood that the specific materials disclosed
below for the individual embodiments does not limit the embodiment to those
materials.

In the example catheter assemblies described above, some of the features can
include a lubricious coating on an exterior surface thereof. The coating can promote
insertion of the branch balloon into the branch vessel of a vessel bifurcation. The
coating can also improve removal of the branch balloon from the branch vessel and the
branch aperture of the stent when deflating and removing the catheter assembly from
the vessel bifurcation after expansion of the stent. Some example coating for use with
the branch balloon include hydrophilic polymers such as polyarylene oxides,
polyvinylpyrolidones, polyvinylalcohols, hydroxyl alkyl cellulosics, algins,
saccharides, caprolactones, and the like, and mixtures and combinations thereof.
Hydrophilic polymers can be blended among themselves or with formulated amounts
of water insoluble compounds (including some polymers) to yield coating with
suitable lubricity, bonding and solubility. In some examples, portions of the devices
described herein can be coated with a hydrophilic polymer or a fluoropolymer such as
polytetrafluoroethylene (PTFE), better known as TEFLON®.

While the example stent delivery systems described above illustrate a balloon
expandable stent having a predetermined side opening (i.e., branch aperture), other
types of stents can be used with the catheter features described above. A variety of
stents can be used with the systems and methods disclosed herein. Examples of such

stents can be found in, for example, in U.S. Pat. Nos. 6,210,429 and 6,325,826 to Vardi
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ct al., and co-pending U.S. Patent Application No. 10/644,550, filed on August 21,
2003, and titled "Stent With a Protruding Branch Portion For Bifurcated Vessels," the
entire contents of which are incorporated herein by reference. In general, the
aforementioned stents have a tubular shape with a continuous sidewall that extends
between the proximal and distal ends. Proximal and distal stent apertures are defined
at respective proximal and distal ends of the stent. A branch aperture is defined in the
sidewall of the stent. The branch aperture provides access between an interior of the
stent and an exterior of the stent. In some stents, the branch aperture includes
expandable structure around a peripheral edge thereof that expands in a generally
radial outward direction relative to a longitudinal axis of the stent. The expandable
structure can be configured to extend into the branch lumen of the bifurcation upon
expansion of the stent. The stent includes a plurality of strut structures that define the
sidewall. The struts are expandable from a first, unexpanded state to a second,
expanded state. Typically, the stent is configured to maintain the expanded state. The
struts define a plurality of cell openings or cells along a length of the stent. The size
and shape of the cells is typically different than the size and shape of the branch
aperture. The stent is typically expanded once the stent is properly positioned in the
main lumen of the bifurcation with the branch aperture aligned radially and axially
with an opening into the branch lumen. The stent, including the expandable structure
surrounding the branch aperture, can be expanded with a single expansion or with

multiple expansions using, for example, one or more inflatable balloons.

Conclusion

One aspect of the present disclosure relates to a method of crimping a stent of
a catheter assembly with a stent contracting assembly. The catheter assembly
includes a main catheter branch, a side catheter branch, and a stent. The stent
includes a proximal open end, a distal open end, and a side branch opening located
between the proximal and distal open ends. The side catheter branch extends into the
proximal open end of the stent and out of the side branch opening, and the main
catheter branch extends into the proximal open end of the stent and out of the distal
open end of the stent. The stent contracting assembly defines an outer profile
reduction chamber and a side surface. One step of the method includes inserting the
catheter assembly into the chamber until a distal portion of the stent up to a location

distal of the side branch opening of the stent is positioned in the chamber, while the
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side catheter branch remains positioned outside of the chamber. The method also
includes reducing an outer profile of the distal portion of the stent, inserting the entire
stent into the chamber, and reducing an outer profile of a proximal portion of the
stent.

Another aspect of the present disclosure relates to a stent contracting
assembly. The assembly includes a plurality of moveable contracting members that
define a stent crimping chamber that is constructed and arranged to receive at least a
portion of a catheter assembly. The stent crimping chamber is configured to reduce
an outer profile of a stent of the catheter assembly. The stent crimping chamber
includes a longitudinal axis, and the plurality of moveable contracting members define
a side surface of the stent contracting assembly. The side surface is arranged
generally perpendicular to the longitudinal axis. A recess is defined in the side
surface. The recess is sized to receive a portion of the catheter assembly when
reducing an outer profile of a portion of the stent.

Another aspect of the present disclosure relates to a method of crimping a
stent of a catheter assembly with a stent contracting assembly. The catheter assembly
includes a main catheter branch, a side catheter branch, and a stent. The stent
includes a proximal open end, a distal open end, and a side branch opening located
between the proximal and distal open ends. The side catheter branch extends out of
the side branch opening, and the main catheter branch extends through the stent from
the proximal open end to the distal open end. The stent contracting assembly defines
an outer profile reduction chamber. The method can include inserting portions of the
catheter assembly into the chamber, and reducing an outer profile of the stent in only
two activations of the stent contracting assembly to reduce a size of the chamber.

The above specification, examples and data provide a complete description of
the manufacture and use of the composition of the invention. Since many
embodiments of the invention can be made without departing from the spirit and

scope of the invention, the invention resides in the claims hereinafter appended.
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WE CLAIM:

L. A method of crimping a stent of a catheter assembly with a stent
contracting assembly, the catheter assembly including a main catheter branch, a side
catheter branch, and a stent, the stent including a proximal open end, a distal open end,
and a side branch opening located between the proximal and distal open ends, wherein
the side catheter branch extends into the proximal open end of the stent and out of the
side branch opening, and the main catheter branch extends into the proximal open end
of the stent and out of the distal open end of the stent, the stent contracting assembly
defining a outer profile reduction chamber and a side surface, the method comprising:

(a) inserting the catheter assembly into the chamber until a distal portion of
the stent up to a location distal of the side branch opening of the stent is positioned in
the chamber, the side catheter branch being positioned outside of the chamber;

(b) reducing an outer profile of the distal portion of the stent;

(©) inserting the entire stent into the chamber; and

(d) reducing an outer profile of a proximal portion of the stent.

2. The method of claim 1, wherein the step of inserting the entire stent into
the chamber further includes inserting portions of side catheter branch into the

chamber.

3. The method of any of claims 1 or 2, further comprising inserting a first
mandrel into the main catheter branch prior to inserting the distal portion of the stent

into the chamber.

4. The method of claim 3, further comprising inserting a second mandrel
into the side catheter branch prior to inserting the entire stent into the chamber and

after reducing an outer profile of the distal portion of the stent.
5. The method of any of claims 1-4, further comprising connecting the
side catheter branch to the main catheter branch at a location proximal of the stent

prior to the step of inserting the distal portion of the stent into the chamber.

6. The method of any of claims 1-5, wherein the main catheter branch

includes a main balloon and a side balloon, the side balloon being configured to extend
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radially outward relative to the main balloon when inflated, the method further
comprising aligning the side balloon with the side branch opening of the sent prior to

the step of inserting the distal portion of the stent into the chamber.

7. The method of any of claims 1-6, wherein the step of inserting the distal
portion of the stent into the chamber includes engaging the side catheter branch

against the side surface.

8. The method of any of claims 1-7, further comprising inserting a pre-bent
mandrel in the side catheter branch prior to the step of inserting the distal portion of
the stent into the chamber, the pre-bent mandrel including a bend portion, wherein the
bend portion being arranged in the side catheter branch adjacent the side branch

opening of the stent.

9. The method of any of claims 1-8, wherein the stent outer profile is

reduced to a state required for use of the catheter assembly to treat a vessel bifurcation.

10. The method of any of claims 1-9, wherein the side surface of the stent
contracting assembly is arranged perpendicular to a longitudinal axis of the chamber,
and the side surface includes a recess, the method further including maintaining a
portion of the side catheter branch in the recess during the step of reducing an outer

profile of the distal portion of the stent.

11 A stent contracting assembly comprising:

(a) a plurality of moveable contracting members, the contracting members
defining a stent crimping chamber that is constructed and arranged to receive at least a
portion of a catheter assembly into the stent crimping chamber to reduce an outer
profile of a stent of the catheter assembly, the stent crimping chamber having a
longitudinal axis, the plurality of moveable contracting members defining a side
surface of the stent contracting assembly, the side surface being arranged generally
perpendicular to the longitudinal axis, wherein a recess is defined in the side surface,
the recess being sized to receive a portion of the catheter assembly when reducing an

outer profile of a portion of the stent.
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12.  The assembly of claim 11, wherein the recess includes an angled
surface, the angled surface being arranged at an angle greater than 0° and less than 90°

relative to the longitudinal axis of the stent crimping chamber.

13. The assembly of any of claims 11 or 12, wherein the recess extends
from a point on the side surface spaced radially outward from the stent crimping

chamber.

14.  The assembly of any of claims 11-13, wherein the recess extends
radially outward to an outer periphery surface of at least one of the plurality of

moveable contracting members.

15. A method of crimping a stent of a catheter assembly with a stent
contracting assembly, the catheter assembly including a main catheter branch, a side
catheter branch, and a stent, the stent including a proximal open end, a distal open end,
and a side branch opening located between the proximal and distal open ends, wherein
the side catheter branch extends out of the side branch opening, and the main catheter
branch extends through the stent from the proximal open end to the distal open end, the
stent contracting assembly defining a outer profile reduction chamber, the method
comprising:

(a) inserting portions of the catheter assembly into the chamber; and

(b) reducing an outer profile of the stent in only two activations of the stent

contracting assembly to reduce a size of the chamber.

16. The method of claim 15, wherein the step of inserting portions of the
catheter assembly into the chamber includes inserting a distal portion of the stent into
the chamber to a point distal of the side branch opening of the stent prior to a first

activation of the stent contracting assembly.

17. The method of any of claims 15 or 16, wherein the step of inserting
portions of the catheter assembly into the chamber includes inserting the entire stent
into the chamber after the first activation of the stent contracting assembly and before

a second activation of the stent contracting assembly.
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18. The method of any of claims 15-17, further comprising maintaining the
side catheter branch outside of the chamber during the first activation of the stent

contracting assembly.
19. The method of any of claims 15-18, further comprising positioning a
portion of the side catheter branch within the chamber during a second activation of the

stent contracting assembly.

20. The method of any of claims 15-19, further comprising inserting a

mandrel into the main and side catheter branches.

19
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