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BIFURCATION STENT DELIVERY SYSTEM AND METHODS

Related Applications

This application claims priority to U.S. Provisional Application Serial No. 61/018,043,
filed December 31, 2007, entitled “ALIGNMENT BALLOON FOR BIFURCATIONS STENT
DELIVERY SYSTEM AND METHODS?”, the entirety of which is incorporated herein by

reference.

Field
This disclosure relates generally to bifurcation treatment systems and methods of treating
a bifurcated vessel. Example embodiments also relate to catheter configurations adapted for
aligning and/or positioning features of the bifurcation treatment system relative to the bifurcated

vessel.

Background

Catheters can be used with stents and balloon 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, dissection, or weakened, diseased, or abnormally dilated vessel or vessel wall, by
expanding the vessel or by reinforcing the vessel wall. 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.

While conventional stent technology is relatively well developed, stent technologies
related to treatment of the region of a vessel bifurcation are still being developed. One challenge
related to treatment of a vessel bifurcation involves alignment of the stent relative to the vessel
branches of the vessel bifurcation. Another challenge relates to removal of the bifurcation

treatment catheter from the vessel bifurcation treatment site.
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Summary of the Disclosure

The illustrated examples disclosed herein relate generally to catheter assemblies and
methods for treatment of a vessel bifurcation. An example catheter assembly may include a
main balloon arranged to reside within the main vessel, and a branch balloon configured to
extend from the main vessel into the branch vessel. In this arrangement, the main balloon may
extend through the stent between open proximal and distal ends of the stent. The branch balloon
may extend from within the stent, through a branch aperture in the stent, and into the branch
vessel. The catheter assembly may be configured to inflate the branch balloon to extend the
branch balloon into the branch vessel, and inflate the main balloon to expand the stent within the
main vessel. The branch balloon may function as a guide that helps maintain radial and axial
alignment of the stent branch aperture relative to an ostium of the branch vessel during
expansion of the stent by the main balloon. The branch balloon may be positioned on the main
balloon. Alternatively, the branch balloon may be positioned at an end portion of a branch
catheter shaft that extends adjacent to a main catheter shaft, wherein the main catheter shaft has

the main balloon positioned at a distal end portion thereof.

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, wherein the catheter assembly is positioned adjacent to a
vessel bifurcation;

Figure 2 is a schematic side view of the catheter assembly shown in Figure 1 with a branch
catheter of the catheter assembly positioned within a branch vessel of the vessel bifurcation;

Figure 3 is a schematic side view of the catheter assembly shown in Figure 1 with a
branch balloon of the catheter assembly inflated within the branch vessel of the vessel bifurcation;

Figure 4 is a schematic side view of the catheter assembly shown in Figure 1 with the
main and branch balloons inflated within the vessel bifurcation,;

Figure 5 is a schematic side view of the stent of the catheter assembly shown in Figure 1
further expanded with a post delivery dilation catheter;

Figure 6 is a schematic cross-sectional view of the catheter assembly shown in Figure 3;

Figure 7 is a schematic side view of the branch catheter shown in Figures 1-6 in an

inflated state;
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Figure 7A is a schematic top view of the branch catheter shown in Figure 7 including an
example base portion configuration for the branch balloon;

Figure 7B is a schematic top view of the branch catheter shown in Figure 7 including
another example base portion configuration for the branch balloon;

Figure 8 is a schematic side view of the branch catheter shown in Figure 7 in another
example deflated state arrangement;

Figure 9 is a schematic side view of an example branch catheter with an inflated branch
balloon arrangement in accordance with principles of the present disclosure;

Figure 9A is a schematic side view of the branch catheter shown in Figure 7 with the
branch balloon directed at an angle relative to a main shaft of the branch catheter;

Figure 10 is a schematic side view of the branch catheter shown in Figure 7 with the
branch balloon in a deflated state;

Figure 11 is a schematic side view of a further example branch catheter with an inflated
branch balloon arrangement in accordance with principles of the present disclosure;

Figure 12 is a schematic side view of a yet further example branch catheter with an
inflated branch balloon arrangement in accordance with principles of the present disclosure;

Figure 13 is a schematic side view of a yet further example branch catheter with a conical
shaped inflated branch balloon arrangement in accordance with principles of the present
disclosure;

Figure 14 is a schematic side view of a yet further example branch catheter with a conical
shaped inflated branch balloon arrangement in accordance with principles of the present
disclosure;

Figure 15 is a schematic side view of another example catheter assembly in accordance
with the present disclosure, wherein the main balloon and branch balloon are both in a deflated
state and the branch balloon includes a branch guidewire lumen,;

Figure 16 is a schematic side view of the example catheter assembly shown in Figure 15
with the branch balloon in an inflated state and the main balloon in a deflated state;

Figure 17 is a schematic side view of the example catheter assembly shown in Figure 15
with the main and branch balloons in an inflated state;

Figure 18 is a schematic side view of the stent of the catheter assembly shown in Figure

15 further expanded with a post delivery dilation catheter;
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Figure 19 is a schematic side view of another example catheter assembly in accordance
with the present disclosure, wherein the main balloon and branch balloon are both in an inflated
state and the branch guidewire member and main guidewire members are secured together
proximal of the main balloon;

Figure 20 is a schematic cross-sectional view of the catheter assembly shown in Figure 19
taken along cross-sectional indicators 20-20;

Figure 21 is a schematic cross-sectional view of the catheter assembly shown in Figure 19
taken along cross-sectional indicators 21-21;

Figure 22 is a schematic side view of a port bond arrangement for a catheter assembly;

Figure 23 is a schematic cross-sectional view of the port bond arrangement shown in
Figure 22 taken along cross-sectional indicators 23-23;

Figure 24 is a schematic cross-sectional view of the port bond arrangement shown in
Figure 22 taken along cross-sectional indicators 24-24;

Figure 25 is a schematic side view of another example catheter assembly in accordance
with the present disclosure, wherein the main and branch guidewire lumens and the inflation
lumens are defined in a single catheter member;

Figure 26 is a schematic cross-sectional view of the catheter assembly shown in Figure 25
taken along cross-sectional indicators 26-26;

Figure 27 is a schematic cross-sectional view of another example configuration of the
catheter assembly shown in Figure 25;

Figure 28 is a schematic side view of another example balloon arrangement that includes
a side balloon positioned on a main balloon with one side of the side balloon tethered to the main
balloon;

Figure 29 is a schematic side view of another example catheter assembly in accordance
with the present disclosure, wherein the side balloon is positioned on a side inflation lumen
separate from the branch catheter;

Figure 30 is a schematic side view of another example catheter assembly in accordance
with the present disclosure, wherein the branch balloon is retractable into an internal volume of
the main balloon prior to inflation of the main and branch balloons;

Figure 31 is a schematic side view of the example catheter assembly of Figure 30 with the

main balloon inflated;
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Figure 32 is a schematic side view of the example catheter assembly of Figure 30 with
the main balloon inflated and the side balloon partially inflated;

Figure 33 is a schematic side view of the example catheter assembly of Figure 30 with the
main and side balloons inflated; and

Figure 34 is a schematic side view of the example catheter assembly of Figure 30

positioned to treat a vessel bifurcation.

Detailed Description

This disclosure relates to bifurcation treatment systems and related methods of treating
bifurcations in a patient's body. Bifurcations typically include a main lumen and a branch lumen
that extends or branches off from the main lumen. An example bifurcation is a vessel
bifurcation. A vessel bifurcation can be defined with a parent or first vessel that splits into at
least two branch vessels. Alternatively, a vessel bifurcation can be defined as a continuous main
vessel with at least one branch vessel that branches off from the main vessel.

The disclosed systems and methods can include a main catheter branch, a side catheter
branch, and an inflatable member (e.g., second balloon or side balloon) which when inflated
extends in a direction generally radially away from the main catheter branch. The inflatable
member can be positioned on the side catheter branch or on the main catheter branch. The term
side catheter branch is defined as a portion of a catheter assembly that is configured to extend
from a main vessel into a branch vessel of a vessel bifurcation. Typically, the side catheter branch
defines a branch guidewire lumen sized for passing the side catheter branch over a guidewire and
into the branch vessel. The term main catheter branch is defined as a portion of a catheter
assembly that remains in a first vessel of a vessel bifurcation when the side catheter branch is
positioned within a vessel branching from the first vessel. The inflatable member can be part of
the main catheter branch or the side catheter branch.

In one example, the main catheter branch can include first and second balloon portions.
The first balloon portion is an elongate balloon positioned at a distal end portion of the main
catheter branch. The second balloon portion is positioned on the side catheter branch. In another
example, the main catheter branch includes first and second balloon portions wherein the first
balloon portion is an elongate balloon and the second balloon portion extends from a sidewall of

the first balloon. The second balloon portion can be integral with the first balloon portion. The
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first and second balloon portions can be in fluid communication with each other. Alternatively,
the first and second balloon portions can be fluidly separated and configured to inflate separate
from each other.

The second balloon portion can include a variable width dimension at different locations
along its length (e.g., a variable width at different locations between proximal and distal ends of
the second balloon if the second balloon has as circular cross section). For example, one second
balloon configuration includes a tapered balloon that decreases in width from the proximal end
portion to the distal end portion of the second balloon. A maximum width dimension of that
portion of the second balloon that is configured to extend into the branch vessel is sized smaller
than the minimum internal width dimension of the branch vessel in that portion of the branch
vessel into which the second balloon extends. That portion of the branch vessel into which the
second balloon extends from the ostium of the branch vessel a distance along an longitudinal
axis of the branch vessel a distance no greater than a total length of the branch balloon.

The second balloon portion can be configured and arranged to extend at an angle relative
to a longitudinal dimension of the main balloon. The angle of extension can be between 0° and
90°, and more preferable between about 30° and 60°. The second balloon can be integral with the
main balloon. The second balloon can also be positioned on a side inflation lumen that extends
adjacent to the main balloon.

The main catheter shaft of the catheter assembly can be configured to define multiple
guidewire lumens. The main catheter shaft can also be configured to define at least one inflation
lumen in addition to at least one guidewire lumen. In other arrangements, the main and
guidewire members defining the main and branch guidewire lumens are secured together or
formed integral with each other at a location proximal of the main balloon.

An example catheter assembly 10 having inventive features in accordance with the
present disclosure is shown and described with reference to Figures 1-13. Catheter assembly 10
includes a main catheter shaft 12, a branch catheter shaft 14, a main balloon 16, a branch balloon
18, a stent 20, and main and branch guidewires 22, 24. Catheter assembly 10 is shown in Figures
1-5 with reference to a vessel bifurcation 26 having a main vessel 28 and a branch vessel 30.

The main catheter shaft 12 has a distal end portion 40 adapted for positioning within a
patient, and a proximal end portion (not shown) adapted for positioning outside of the patient.

The branch catheter shaft 14 extends side-by-side with the main catheter shaft 12. The branch
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catheter shaft 14 includes a distal end 42. A proximal end portion (not shown) of the branch
catheter shaft 14 can be integrated into the main catheter shaft 12 at a location distal of a
proximal end portion of the main catheter shaft 12 and proximal of the stent 20. Alternatively,
the branch catheter shaft 14 can extend separate from the main catheter shaft 12 from the distal
end portion 42 to a location outside of the patient.

The main balloon 16 is positioned at the distal end portion 40 of the main catheter shaft
12. The main balloon 16 is an elongate tube-shaped structure sized to traverse the vessel
bifurcation 26 (i.c., extend within the main vessel 28 from a proximal side to a distal side of an
ostium of branch vessel 30). The main balloon branch 16 includes distal and proximal ends 44,
46, a main guidewire housing 47 defining a main guidewire lumen 48, and an inflation lumen 50
that extends in fluid communication with an interior of the main catheter shaft 12. The main
balloon 16 is inflatable from the deflated state shown in Figure 1 to the inflated state shown in
Figure 4 upon filling of the main balloon 16 with inflation fluid. The main balloon 16 is
deflatable upon removal of the inflation fluid through the inflation lumen 50 and proximally out
through the main catheter shaft 12.

The branch balloon 18 is positioned at the distal end portion 42 of the branch catheter
shaft 14. The branch lumen 18 includes distal and proximal ends 52, 54, a first portion 56 having
a maximum width dimension W1, a second portion 58 having a maximum width dimension W2,
and a base portion 60 having a maximum width dimension W3 (see Figure 7). The branch
balloon 18 further includes a branch guidewire housing 61 defining a branch guidewire lumen 62
that extends between the proximal and distal ends 52, 54 and an inflation lumen 64 that is in fluid
communication with an interior of the branch catheter shaft 14 (see Figure 7). The branch
balloon 18 can have a generally cylindrical or conical tube-shaped structure with a radially
concentric cross-sectional shape at each point along its length between ends 52, 54.

Upon inflation, the branch balloon 18 extends at an acute branch angle 3 (see Figure 3)
measured between a longitudinal axis A of the main balloon 16 and a longitudinal axis B of the
branch balloon 18. The angle B typically is in the range of 20 to 90° inclusive, and more typically
about 45° to about 75° inclusive. The angle f is typically measure within a plane that is aligned
along the axis A. The angle B is also typically arranged facing in a direction toward the distal
portion of the main balloon 16. The angle B is typically measured when in a rest state with the

main and branch balloons inflated. A rest state is a state for the catheter assembly when no
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external forces are applied move the main and branch balloons relative to each other. The
catheter assembly configurations disclosed herein can be used with vessel bifurcations having an
angled relationship between the branch and main vessel that is outside of the range of 20° to 90°
for the angle .

Materials used in the balloons, catheter shafts, and other components of the catheter
assemblies 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, ¢.g., PEBAX® 70D, 72D, 2533, 5533, 6333, 7033, or 7233 (available from
Arkema, Philadelphia, Pa.).

Other examples include nylons, such as aliphatic nylons, for example, Vestamid L2101
IF, Nylon 11 (Arkema), Nylon 6 (Honeywell), 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 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 HY TREL® (Dupont de
Nemours, Wilmington, Del.). In some embodiments, the PEBAX®, HY TREL®, 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 HY TREL®, or polyethylene terephthalate (PET) and a thermoplastic elastomer,
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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.

The forming of balloons 16, 18 using the above listed materials can be determined, within
a range, by controlling blowing conditions such as initial dimensions of tubing, pre-stretching,
hoop ratio, heat set conditions, grinding and laser ablation of the tube. Compliance
characteristics for balloon 16, 18 made from these example materials ranging from non-
compliant to compliant characteristics. In one example, the balloon has wall strengths in excess
0f 20,000 psi.

Figures 3 and 7 illustrate the variable width structure of the branch balloon 18. The first
portion 56 is positioned near the distal end portion 52. The first portion 56 has a maximum width
W, that is less than the maximum width W, of the second portion 58. The widths W, W are
smaller than a width W, of the branch vessel 30, wherein the width Wy is determined with or
without the inclusive of any plaque present along the branch vessel 30. The maximum width
dimension W3 of the base portion 60 is greater than a maximum width dimension W4 of a branch
aperture 74 of the stent 20 (see Figure 4) with the branch balloon 18 inflated. The base portion
60 is retained within the stent 20 due in part to the grater size of width W3 relative to the
maximum size W, of the branch aperture 74. The width W, can improve insertability of the
branch balloon 18 into the branch vessel 30. The size of width W,, which is greater than W, and
smaller than W3 is sized to minimize the amount of space between the interior of branch vessel 30
and the branch balloon 18 to help reduce the amount of axial and radial movement of the catheter
assembly 10 relative to the branch vessel 30.

The first portion 56 has a length L, the second portion 58 has a length L,, and the overall
length of the branch balloon 18 between the base portion 60 and the distal end portion 52 has a
length L3 (see Figure 7). The lengths L;-L3 can vary in different applications to vary the
performance characteristics of the branch balloon 18. In one example, the length Ls is greater than
the width W4 of the branch vessel 30. In another example, the length L is at least as great as the
width W of the second portion 56. In some configurations, the length L3 is about 100% to 500%
of the maximum value of width W,. In other configurations, the length Ls is about 100% to 200%
of the width W5 at the ostium of branch vessel 30 (see Figure 5). The branch balloon 18, when

inflated and before inflation of the main balloon 16, preferably extends into the branch vessel 30
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a distance at least as great as the width W5 at the ostium of branch vessel 30.

Typically, a longer balloon can help maintain the axial and radial orientation of the
catheter assembly relative to an ostium of a branch vessel better than a shorter balloon having the
same widths. Typically, a balloon that is too short can risk losing the desired axial and radial
orientation after the desired orientation has been obtained. Changing the widths W;-W3 can also
influence the performance characteristics of the branch balloon 18. Achieving optimum length
features, ratios of lengths to the various widths, and the widths alone of the branch balloon 18
can influence how well the branch balloon 18 operates in a given vessel bifurcation environment.
The width of features of the branch balloon 18, particularly at the base 60 and second portion 58
can influence how much resistance to radial and longitudinal movement of the catheter system
10 is applied during inflation of the main balloon 16.

Providing a branch balloon that is positioned along a branch vessel guidewire lumen and
tapered towards the distal end portion helps to maintain an elongate, low profile branch balloon
when the branch balloon is deflated. An elongate, low profile branch balloon can improve the
retractability of the branch balloon from a stent that is deployed at a vessel bifurcation by
reducing potential catch points where the balloon might catch on the stent while being removed.

In addition to varying the size (e.g., circumference, diameter or length) of the branch
balloon 18, the shape and materials of the branch balloon can vary for different portions of the
branch balloon 18. For example, the cross-sectional shape of the first and second portions 56, 58
can be oval, triangular, or polygonal rather than circular. Also, the materials used in the first
portion 56 can be different than the materials used for the second portion 58 and the base 60.
Varying the size, shape and materials of the branch balloon 18 can result in optimization of the
performance characteristics of each portion of the branch balloon 18 for its intended purpose.

Figures 7A and 7B illustrate different structures for the base portion 60. Figure 7A
illustrates the base portion 60 as a disk shaped member having a generally constant diameter.
Figure 7B illustrates the base portion 60 having members 65, 63 extending in the proximal and
distal directions. Figure 7B does not include portions of the base 60 extending in the transverse
direction (e.g., the direction perpendicular to the longitudinal axis of the catheter assembly 10 in
the deflated state).

The branch balloon 18 shown in Figures 1-8 is connected to the branch catheter shaft 14

at a peripheral edge of the base 60. Figures 9-13 illustrate other example branch balloons

10
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wherein the branch catheter shaft 14 is connected to the branch balloon 18 at a proximal end
portion 54 of the balloon 18. In some arrangements, the balloon 18 is formed from the branch
catheter shaft 14, whereas in other arrangements the balloon 18 is separately formed and then
attached to the branch catheter shaft. The branch catheter shaft 14 is aligned along a central axis B
extending through the first, second and base portions 56, 58, 60.

The branch balloon 18 of Figures 9-10 has a base portion 60 extending on opposing sides
of the second portion 58 as first and second base portions 65, 63. Figure 9 illustrates the branch
balloon portion 18 extending from a distal end portion of the branch catheter shaft 14 in an
inflated state in which the branch balloon 18 is unconstrained (e.g., before being positioned and
inflated within stent 20). Figure 9A illustrates an arrangement of the branch balloon 18 that
typically results when the branch catheter shaft 14 and base portion 60 are positioned within a
stent and the first and second portions 56, 58 extend through a branch aperture of the stent (e.g.,
through branch aperture 74 of stent 20 shown in Figure 1. Figure 10 illustrates the branch
balloon 18 in a deflated state. The first and second base portions 65, 63 extend in the proximal
and distal directions, respectively, when the balloon 18 is inflated (see Figure 9A). When the first
and second members 65, 63 are oriented facing distally and proximally as shown in Figure 10,
the base 60 can more easily inflate within the stent. In other embodiments (e.g., the arrangement
of base 60 shown in Figure 8) the members 65, 63 are not directed in either the proximal or distal
direction when the branch balloon 18 is in a deflated state. Rather, as shown in Figure 8, the base
portion 60 is recessed to fit generally within an outer profile cylindrical circumference of the
entire branch balloon 18 between the proximal and distal ends 54, 52.

Figure 11 illustrates another example branch balloon 18 that does not include a defined
base portion 60. The branch balloon 18 of Figure 11 can be anchored or otherwise held relative
to the stent 20 with an interference fit between the second portion 58 and the expandable
structure 76 of stent 20 that surrounds the branch aperture 74.

Figure 12 illustrates another example branch balloon 18 having a base portion 60 that
extends transverse to only one side of the second portion 58. The use of any type of base portion
60 having a circumference or width measurement greater than a size of the branch aperture 74 of
the stent 20 can help anchor or otherwise maintain a fixed relative position between the proximal
end portion 54 of branch balloon 18 and the stent 20 at the proximal end portion 54 of the branch

balloon 18. The base portion 60 can be referred to as a pylon or anchor structure for the branch

11
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balloon 18.

Figures 13 and 14 illustrate various conical shaped branch balloons 18. The balloon 18
shown in Figure 13 has a base portion 60 at proximal end portion 54 having a maximum width
dimension W3 that tapers towards the distal end portion 52. The balloon 18 in Figure 13 has a
length Lz from the proximal end portion 54 to the distal end portion 52. The balloon 18 shown in
Figure 14 has a base portion 60 having a maximum width dimension W3, and a conical section
that tapers from a maximum width dimension W, adjacent to the base portion 60 to the distal end
portion 52. The balloon 18 shown in Figure 14 has a total length L3 from the proximal end portion
54 to the distal end portion 52, and a conical section length L3 from the distal side of base 60 to
the distal end portion 52. The lengths and widths of the balloons 18 shown in Figures 13 and 14
can vary in accordance within, for example, the ranges described above for the balloon 18 shown
in Figures 9-10.

Referring now to Figures 1-5, an example method of treating the vessel bifurcation 26
with the catheter assembly 10 is described. First referring to Figure 1, a distal end portion of the
main guidewire 22 is inserted into the main vessel 28 beyond the ostium leading into branch
vessel 30. A distal end portion of branch guidewire 24 is inserted through the ostium leading into
the branch vessel 30 and into the branch vessel 30. The proximal end portions of guidewires 22,
24 (not shown) are inserted into the distal ends 44, 52 of the main and branch balloons 16, 18,
respectively. The catheter assembly 10 is advanced over the guidewires 22, 24 into an area of the
vessel bifurcation 26.

In alternative methods, only one of the guidewires 22, 24 is positioned within respective
main and branch vessels 28, 30 prior to advancing the catheter assembly 10 to the area of the
vessel bifurcation 26. In this alternative arrangement, the other of the guidewires 22, 24 is
arranged as a fixed wire within the catheter assembly 10 and advanced with the catheter
assembly 10 to the vessel bifurcation. Once the catheter assembly 10 has reached the vessel
bifurcation, the guidewire fixed in the catheter assembly 10 is advanced into the targeted vessel
that does not already have a guidewire positioned therein, and the catheter assembly is further
advanced distally until radial and axial alignment of the stent branch aperture 74 with the ostium
of branch vessel 30 is achieved.

Referring now to Figure 2, the catheter assembly 10 is further advanced distally until the

branch balloon 18 extends into the branch vessel 30. Minor adjustments to the radial and axial
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position of the catheter assembly 10 can be made in order to ensure that the branch aperture 74 of
the stent 20 is positioned facing radially towards the opening or ostium into branch vessel 30. A
plurality of markers 36a, b and 38a, b associated with the main and branch balloons 16, 18 can be
used to help confirm the axial and radial alignment of the stent branch aperture 74 relative to the
ostium of branch vessel 30. Various markers, marker materials, and marker arrangements for use
as alignment features of catheter assembly 10 are described in U.S. Patent No.6,692,483 to Vardi,
and co-pending U.S. Provisional Patent Application Serial No. 60/776,149, filed on September 22,
2006, and entitled Marker Arrangement for Bifurcation Catheter, which patent matters are
incorporated herein by reference.

The branch balloon 18 in the inflated state shown in Figure 3 can be used for visualization
by the physician of portions of the catheter assembly even without the markers 36a, b. The
inflation fluid used to fill the branch balloon 18 can include a contract agent that is visible under
fluoroscopy. Further, the main and branch vessels 28, 30 into which the catheter assembly 10 is
inserted can periodically be filled with a contrast agent that is also visible under fluoroscopy.
Providing visualization of the vessels 28, 30 and the branch balloon 18 permits the physician to
make radial and axial adjustments to the position of catheter assembly 10 to better ensure
alignment of the stent branch aperture 74 relative to the ostium of branch vessel 30 before
inflating main balloon 16.

Referring now to Figure 3, the branch balloon 18 is inflated with inflation fluid that
travels through branch catheter shaft 14 and into the branch balloon18. The base portion 60 of the
branch balloon 18 is retained within the stent 20. The first and second portions 56, 58 of the
branch balloon 18 extend through the branch aperture 74 and into the branch vessel 30. As
discussed above, the widths W, W, of the first and second portions 56, 58 are smaller than the
widths W5 of the ostium of branch vessel 30. Preferably, there is little resistance to expansion of
the branch balloon 18 except for the material of the branch balloon itself. Some resistance to
expansion may be exerted by portions of the expandable stent structure 76 surrounding branch
aperture 74. The first and second portions 56, 58 extend at an angle B from the main balloon 16.

Referring now to Figure 4, the main balloon 16 is inflated after the branch balloon 18 has
been inflated. The main balloon 16 is inflated with inflation fluid that travels through main
catheter shafts 14 and the inflation lumen 50. Typically, the stent 20 is secured to at least the

main balloon 16 using an attachment method such as crimping, which permits release of the stent
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20 from the balloon 16 after inflation of the balloon 16. The stent 20 may also be secured to the
branch balloon 18 using a similar attachment method such as crimping. Due to the connection
between stent 20 and main balloon 16, the stent 20 and main balloon 16 move axially and radially
together relative to the vessel bifurcation 26. Since the branch balloon 18 extends in engagement
with the stent 20 through the branch aperture 74 and into the branch vessel 30, the branch
balloon 18 provides an axial and radial anchoring of the stent 20 and main balloon 16 as the main
balloon 16 is inflated. Thus, the branch balloon 18, when inflated and positioned within the
branch vessel 30 helps to maintain alignment of the branch aperture 74 with the ostium into
branch vessel 30 during expansion of the stent 20 within main vessel 28.

After the stent 20 has been expanded as shown in Figure 4, the main and branch balloons
16, 18 are deflated by removal of inflation fluid through the main and branch catheter shafts 12,
14. After deflation of balloons 16, 18, the catheter assembly 10 is removed proximally. The main
guidewire 22 can also be removed at this time.

Referring now to Figure 5, a separate dilation catheter 32 is advanced over the branch
guidewire 24 through the interior of stent 20 and out of the branch aperture 74 into the branch
vessel 30. The dilation catheter 32 is inflated to expand expandable structure surrounding the
branch aperture 74 into the branch vessel 30. Preferably, the dilation catheter 32 expands the
expandable structure surrounding the branch aperture 74 into contact with side walls of the
branch vessel 30 surrounding the ostium of the branch vessel 30 such as, for example, the carina
29. The dilation catheter 32 is then deflated and removed. Additional treatment of vessel
bifurcation 26 can take place using additional stents, balloon catheters, or other structures and
devices that extend, for example, into the branch vessel 30 and overlap with the expandable
structure 76 surrounding the branch aperture 74.

Figures 15-18 illustrate another example catheter assembly 100 that 15 includes a main
catheter shaft 12, a main balloon 16, and a branch balloon 18 that is positioned on and extends
radially outward from the main balloon 16. The main catheter shaft 12 defines an inflation
lumen 50 that is in fluid communication with the main and branch balloons 16, 18. The main
balloon 16 includes distal and proximal ends 44, 46. A main guidewire lumen 48 extends
through the main balloon 16. The main balloon distal end portion 44 is secured to the main
guidewire lumen 48, and the proximal end portion 46 is connected to the main catheter shaft 12.

The branch balloon 18 includes distal and proximal ends 52, 54, a first portion 56, and a
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second portion 58. The branch balloon 18 extends radially from the main balloon 16 at an angle
B measured between a central longitudinal axis A of the main balloon 16 and a central
longitudinal axis B of the branch balloon 18 (see Figure 17). The angle B is typically between
about 20° and about 90°. Figure 17 illustrates an angle of about 90°. Figures 19, 25 and 28
illustrate an angle of about 60°. Figure 29 illustrates an angle of about 45°. The main balloon 16
functions as the base portion 60 for the branch balloon 18 (e.g., see description above for
catheter assembly 10) for holding the branch balloon 18 within the stent 20 when the main and
branch balloons 16, 18 are inflated.

The first and second portions 56, 58 define first and second maximum width dimensions
W, W, measured around an outer periphery at different longitudinal positions along the branch
balloon 18. Typically, the width W, is less than the width W,. The widths W, W are typically
less than a maximum internal width dimension W of the branch vessel into which the balloon 18
is inserted. However, in some arrangements, one or both of the widths W;, W, are at least the
same size as the internal width dimension of the branch vessel into which the balloon 18 is
inserted. When the width W, is smaller than the branch vessel internal width dimension, it can be
casier to insert the branch balloon 18 into the branch vessel of a vessel bifurcation. The greater
width W can minimize spacing between the second portion 58 and the branch vessel into which
the branch balloon 18 is inserted to improve resistance by the balloon 18 to axial and radial
movement of the catheter assembly 100 relative to the vessel bifurcation.

A method of using the catheter assembly 100 to treat a vessel bifurcation (e.g., vessel
bifurcation 26 having main and branch vessels 28, 30 shown in Figures 1-5) is now described
with reference to Figures 15-18. The main guidewire 22 is positioned within the main vessel 28
distally beyond an ostium of the branch vessel 30. The branch guidewire 24 is positioned within
the branch vessel 30 distally beyond the ostium of the branch vessel 30. A proximal end portion
of the guidewire 22 is inserted into the distal end portion 44 of the main balloon 16 and a
proximal end portion of the guidewire 24 is inserted into the distal end portion 52 of the branch
balloon 18. The catheter assembly 100 is advanced over the guidewire 22 to a position traversing
the ostium into branch vessel 30. A proximal end portion (not shown) of the main catheter shaft
12 is coupled to a manifold (not shown) that controls delivery of inflation fluid to and from the
main and branch balloons 16, 18. The catheter assembly 100 is oriented radially and axially

relative to the branch vessel 30 such that the branch aperture 74 and branch balloon 18 are facing
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the ostium of branch vessel 30. Inflation fluid is delivered to the main and branch balloons 16,
18. The branch balloon 18 is typically inflated into the inflated state shown in Figure 16 prior to
inflating of the main balloon 16 into the inflated state (see Figure 17). The inflated branch
balloon 18 extends through the branch aperture 74 into the branch vessel 28 to help axially and
radially orient the stent 20 relative to the ostium of the branch vessel 24. The pressure within the
main balloon 16 resulting from further delivery of inflation fluid increases sufficiently to expand
the stent 20 into the expanded state shown in Figure 17.

As discussed above, the stent 20 is typically secured to the main balloon 16 using, for
example, a crimping technique. Securing the stent 20 and balloon 16 together provides a fixed
axial and radial orientation of the branch balloon 18 relative to the side opening 74 in the stent 20
as the balloons 16, 18 are expanded.

After the stent 20 has been fully expanded into engagement with the main vessel 28, the
main and branch balloons 16, 18 are deflated by removal of inflation fluid through the main
catheter shaft 12. The deflated catheter assembly 100 is removed proximally from the stent 20.
The shape of the branch balloon 18, means of attachment of the branch balloon 18 to the main
balloon 16, and the angle at which the branch balloon 18 extends relative to the main balloon 16
can all contribute to improved ease in retracting the catheter assembly 100 from the stent 20.

After removal of the catheter assembly 100 from the stent 20, a dilation catheter 32 is
advanced over the guidewire 24 (or a different guidewire that has been advance through the
branch aperture 74 of stent 20) through an interior of the stent 20 and out of the branch aperture
74 into the branch vessel 30. The dilation catheter 32 is inflated to expand the expandable
structure 76 surrounding the branch aperture 74. Preferably, the dilation catheter 32 expands the
expandable structure 76 into engagement with the branch catheter 30, in particular, the carina 29
of vessel bifurcation 26 at the distal juncture between the main and branch vessels 28, 30 (see
Figure 5). The dilation catheter 32 is then deflated and removed proximally.

The vessel bifurcation 26, after post-dilation treatment by dilation catheter 32, can be
further treated with other stents, inflatable balloons, or other devices and methods. For example, a
separate branch stent can be inserted through the branch aperture 74 into the branch vessel 30
and expanded. Preferably, the additional branch stent overlaps with the expandable structure 76
to provide a substantially continuous structure of stent material between the stent 20 and the

branch stent positioned within the branch vessel 30. Alternatively, expansion of the expandable
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structure 76 can be performed using the separate branch stent rather than the dilation catheter 32.

In another arrangement related to catheter assembly 100, a longitudinal position of the
main guidewire 22 is fixed relative to the main balloon 16. In one example, the main guidewire
lumen 48 can be eliminated completely and the distal end of the main balloon 16 is secured
directly to the main guidewire 22 instead of the main guidewire lumen 48. In another example,
the main guidewire lumen 48 extend to a location proximal of the distal end of the main balloon
16 (e.g., to a distal end of the main catheter shaft 12) and the distal end of the main balloon 16 is
secured directly to the main guidewire 22. In a still further example, the main guidewire lumen
48 remains positioned as shown in Figure 15-17 and the main guidewire 22 is secured to the
main guidewire lumen 48 to fix a longitudinal position of the main guidewire 22 relative to the
main balloon 16.

Another example catheter assembly 200 is now described with reference to Figures 19-21.
Catheter assembly 200 is similar to catheter assembly 100 in that the branch balloon 18 is
positioned on the main balloon 16 and the branch guidewire lumen 62 extends through the branch
balloon 18 to a distal end portion 52 of the branch balloon 18. The branch guidewire lumen 62 is
sized to advance over a branch guidewire 24 when the catheter assembly 200 is used for
treatment of a vessel bifurcation (e.g., see vessel bifurcation 26 in Figures 1-5). The main
guidewire 22 is typically positioned within a main branch of the vessel bifurcation and the
branch guidewire 24 is positioned within a branch vessel of the vessel bifurcation. The catheter
assembly 200 in the deflated state shown (not shown) is advanced over the main and branch
guidewires 22, 24 to a treatment site of the vessel bifurcation.

Figure 19 illustrates the branch balloon 18 inflated about the branch guidewire housing
61 and extending at an angle f relative to the main balloon 16. The main balloon 16 is shown
inflated about the main guidewire housing 47. As discussed above with reference to catheter
assembly 100, the branch balloon 18 can inflate into the extended position shown in Figure 20
before the main balloon 16 inflates, at the same time the main balloon 16 inflates, or after the
main balloon 16 inflates.

The guidewire housings 47, 61 can be secured together along at least a portion of their
length. Figure 20 illustrates a cross-section of the catheter shaft 12 and guidewire housings 47,
61 at a location proximal of the main balloon 16. The guidewire housings 47, 61 are combined

as a single guidewire shaft 90. Some configurations for the guidewire shaft 90 provide a reduced
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overall profile for the guidewire housings 47, 61 as compared to using two separate guidewire
shafts (e.g., see the stacked guidewire housings 47, 61 in Figure 20). The use of a single
guidewire shaft 90 can also provide an overall circular cross-section for the combined guidewire
housings 47, 61. The guidewire shaft 90 can be formed as, for example, an extruded member or a
co-molded member. The guidewire shaft 90 can be transitioned in shape and size into to
separate shafts that define the guidewire housings 47, 61 as shown in the cross-section of Figure
21. The guidewire housings 47, 61 are preferably shaped as separate shaft members at their distal
ends to provide a generally circular outer circumference surface against which the distal ends 44,
52 of the balloons 16, 18, respectively, can be secured to provide a fluid tight connection.

Figures 22-24 illustrate aspects of a port bond arrangement 92 for use in a catheter
assembly such as the assembly 200 described above. The port bond arrangement provides a pair
of rapid exchange (Rx) ports for the guidewires 22, 24 at a location proximal of the main balloon
16 and distal of a proximal end portion (not shown) of the catheter shaft 12. The rapid exchange
ports for the guidewires 22, 24 can be positioned adjacent to each other or axially spaced apart
from each other. Figure 22 illustrates a first guidewire port 43 positioned along one side of the
port bond arrangement 92 at a proximal end portion of a main guidewire housing 47. A second
guidewire port (not shown) can be positioned on a side opposite the port 43 at a proximal end
portion of a branch guidewire housing 61. Figure 23 illustrates one arrangement for the main
and branch guidewire housings 47, 61 combined as a single guidewire shaft 90. In other
arrangements, the guidewire housings 47, 61 can be separate shaft members having a generally
circular cross-section.

The port bond arrangement 90 includes first and second catheter shaft 12a, 12b. The first
catheter shaft 12a can be, for example, any desired hypotube structure. The second catheter shaft
12b can be referred to a as midshaft member that spans between the first catheter shaft 12a and
the main balloon 16. The second catheter shaft 12b includes a guidewire bond region 94 wherein
the guidewire housings 47, 61 are exposed to provide access to the Rx ports (e.g., port 43). The
second catheter shaft 12b defines an inflation lumen 50 that is in fluid communication with the
balloons 16, 18 and an inflation lumen (not numbered) defined by the first catheter shaft 12a.
Figure 23 illustrates an example configuration for the inflation lumen defined by the second
catheter shaft 12b at a location just distal of the guidewire port 43. Figure 24 illustrates an

example configuration for the inflation lumen 50 at a location distal of the guidewire bond region
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94. Other configurations for the inflation lumen 50 and the guidewire bond region 94 are
possible.

The port bond arrangement 90 can further include a core wire 25 that extends through
inflation lumens defined by the first and second catheter shafts 12a, b. The core wire 25 can
provide support and rigidity for the port bond arrangement 90 and the catheter assemblies 100,
200 generally. The core wire 25 can be positioned permanently using, for example, welding or
adhesives, or can be a separately insertable and removable member.

Referring now to Figures 25-27, an alternative catheter shaft configuration is described
with reference to a combined main balloon 16 and branch balloon 18 arrangement. As shown in
the cross-sectional view of Figure 26, the catheter shaft 12 can define an inflation lumen 50, a
main guidewire lumen 48, and a branch guidewire lumen 62 along at least that portion of the
catheter shaft 12 that is proximal of the main balloon 16. At a location within the main balloon
16, the catheter branch 12 is divided into at least a main guidewire housing 47 that defines the
main guidewire lumen 48, and a branch guidewire housing 61 that defines the branch guidewire
lumen 62. The guidewire shaft 12 can include a least one inflation lumen port in fluid
communication with the inflation lumen 50 and exposed within an interior of the main balloon 16
to provide inflation of the balloons 16, 18.

Figure 27 illustrates an alternative configuration for the catheter shaft 12. The catheter
shaft 12 in Figure 27 defines main and branch guidewire housings 47, 61 and two inflation
lumens 50A, 50B. Alternative numbers of lumens and arrangements of lumens in the catheter
shaft 12 are possible. In one arrangement, both of the lumens 50A, 50B are in fluid
communication with both the main balloon 16 and branch balloon 18. In other arrangements, one
of the inflation lumens 50A, 50B is in fluid communication with only the main balloon 16 and
the other of the inflation lumens 50A, 50B is in fluid communication only with the branch
balloon 18. The catheter shaft 12 shown in Figures 25-27 can be made using, for example,
extruding or molding techniques.

Figure 28 illustrates a balloon arrangement 300 that includes a main balloon 16 and a
branch balloon 18. The branch balloon 18 is positioned at a location between proximal and
distal ends 44, 46 of the main balloon 16. The branch balloon 18 can be co-molded with the main
balloon 16. Alternatively, the branch balloon 18 can be formed as a separate member that is

mounted to the main balloon 16 in a separate assembly step. The branch balloon 18 extends in a
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direction generally radially away from the main balloon 16. In some cases, there may be
challenges involved in providing the branch balloon 18 at an angle B that is less than 90°,
particularly when using molding techniques or methods of mounting a separately formed branch
balloon 18 to an exterior of the main balloon 16. One way to obtain an inflated arrangement of
the branch balloon 18 at an angle B less than 90° is to first position the branch balloon 18 on the
main balloon 16 so the branch balloon 18 extends at any desired angle f when inflated (e.g., 90°),
and then tether one side of the branch balloon 18 to the main balloon 16 with a tether member 80.
Figure 28 illustrates the tether member 80 secured at a top end portion 52 of the branch balloon
along a distal facing side 53 of the branch balloon 18. The length of the tether member 80 is less
than a maximum length of the branch balloon 18 measured between the distal end 52 and a
proximal end 54. The tether member 80 tends to pull the branch balloon 18 in a distal direction
when the branch balloon 18 is inflated to orient the branch balloon 18 at an angle B less than 90°.

The tether member 80 can be secured to the main and branch balloons 16, 18 in a variety
of ways using, for example, adhesives, laser welding, and co-molding techniques. The use of
multiple tether members 80 for a single branch balloon 18 is also possible. The tether member 80
can also be secured at multiple locations along the length of the branch balloon 18, and may not
in some arrangements be secured to the main balloon 16. The tether member 18 can also be used
in other balloon arrangements such as the balloon arrangement described below with reference to
Figure 29, wherein the branch balloon 18 is positioned on a separate side inflation member.

Figure 29 illustrates an alternative balloon arrangement that includes a main balloon 16
and a branch balloon 18, wherein the branch balloon 18 is positioned on a separate side inflation
member 85. The side inflation member 85 includes a distal portion 82 having a proximal end
thereof secured in fluid communication with the branch balloon 18 and a distal end thereof
secured to the main guidewire housing 47 at a location distal of the main balloon 16. The side
inflation member 85 also includes a proximal portion 84 having a distal end thereof secured in
fluid communication with the branch balloon 18 and a proximal end thereof secured to the
catheter shaft 12 at a location proximal of the main balloon 16. The branch balloon 18 extends
at an angle B less than 90° relative to a longitudinal dimension of the main balloon 16. The
angled configuration of the branch balloon 18 can be provided using, for example, the molding or
tethering techniques described above with reference to the remaining Figures.

The angled arrangement of the branch balloon 18 can help maintain a branch catheter 14
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in proper radial alignment with the main and branch balloon 16, 18 during inflation of the
balloons 16, 18. Proper radial alignment of the branch catheter 14 sometimes includes
positioning the branch catheter 14 along a proximal side surface of the branch balloon 18 during
inflation of the main and branch balloon 16, 18 as shown in Figure 29, which can help maintain
proper radial and axial alignment of features of the stent (not shown) being expanded by the
balloons 16, 18 relative to features of the vessel bifurcation being treated.

In the example catheter assemblies described above, the branch balloon 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 polytetrafluorocthylene (PTFE), better known as
TEFLON®.

The branch balloons 18 described herein can be made as separate pieces that are attached
to either a branch catheter shaft (catheter assembly 10) or main balloon (catheter assemblies 100,
200) in a separate step. Alternatively, the branch balloon can be formed from a branch catheter
shaft or a main balloon in a molding process that results in an integral piece. In one example
process, the branch balloon is molded from an extruded tube as is typical in the art. The
extruded tube can be ground or otherwise reduced in thickness in advance of or after the molding
step to create uniform thickness of material along the length of the branch balloon regardless of
the width of the branch balloon. In one example, the thickness of the material for branch balloon
is about 0.003 to about 0.01 inches when in an inflated state.

The overall structure of branch balloon 18 provides for insertion into the branch vessel 30
when being inflated and during inflation of the main balloon 16 without obstruction. Further, the

branch balloon 18 has sufficient stiffness to resist bending when rotational and axial forces are
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applied to the inflated branch balloon 18 during inflation of the main balloon 16. The stiffness of
the branch balloon 18 is dependent upon at least the following parameters: thickness of the
material of the branch balloon 18, the type of attachment to the main balloon (catheter
assemblies 100, 200) or to the branch catheter shaft (catheter assembly 10), the width, length,
and cross-sectional shape of the branch balloon 18, and the type of material used in the branch
balloon 18. The branch balloon 18 is also structured to avoid dilating the branch vessel 30. The
width and compliance of the branch balloon 18 are two parameters that can influence whether
the branch balloon 18 dilates the branch vessel 30. Typically, the branch balloon 18 is
configured as a semi-compliant balloon.

While the example stent delivery systems 10, 100 described above illustrate a balloon
expandable stent having a predetermined 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 et 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 thercof 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

22



WO 2009/088953 PCT/US2008/088683

expansions using, 10 for example, one or more inflatable balloons.

Figures 30-34 illustrate another example catheter assembly 400 that includes a main
catheter shaft 12, a main balloon 16, a branch balloon 18, and a stent 20. The catheter assembly
400 can be used with a main guidewire 22 and a branch guidewire 24 that help position the
catheter assembly 400 relative to features of a vessel bifurcation during use. The branch balloon
18 is retractable into an internal volume of the main balloon 16 as shown in Figures 30, 31, and
34. Delivering inflation fluid to the main balloon 12 inflates the main balloon to expand the
stent 20. Further delivery of inflation to the main balloon 12 causes the branch balloon 18 to
inflate and protrude out of the main balloon 12, through the stent 20, and radially outward into an
extended position relative to the main balloon 12. The branch balloon 18 can be configured to
retract back into the main balloon 12 when deflated. Further details concerning the operation
and features of the catheter assembly 400 are provided in the following description.

The main catheter shaft 12 includes a distal end 40. The main balloon 16 is positioned
extending from the distal end 40 of the main catheter shaft 12. The main balloon 16 includes
distal and proximal ends 44, 46, and a main guidewire housing 47 that extends continuously from
at least the distal end 40 of the main catheter shaft 12 to the distal end 44 of the main balloon 16.
Typically, a proximal end 46 of the main balloon 16 is mounted to the main catheter shaft 12
while the distal end 44 of the main balloon 16 is mounted to the main guidewire housing 47.

The branch balloon 18 includes distal and proximal ends 52, 54, abranch 5  guidewire
housing 61 having a distal end 59 and a proximal end 69 (see Figure 34). The branch balloon 18
can be formed integral with the main balloon 16 using, for example, a vacuum molding process.
In other examples, the branch balloon 18 can be separately formed and later secured to the main
balloon 16 in a separate step using, for example, heat welding or laser welding of the proximal
end 54 of the branch balloon 18 to the main balloon 16 at a location positioned between the distal
and proximal ends 44, 46 of the main balloon 16. The distal end 52 of the branch balloon 18 is
typically secured to the branch guidewire housing 61.

In one example arrangement, the proximal end 69 of the guidewire housing 61 exits the
main catheter shaft 12 at a rapid exchange port area 98. The rapid exchange port area 98 is
typically positioned at a distance L4 from the distal end 52 of the branch balloon 18 as shown in
Figure 34. The location of the rapid exchange port arca 98 can also be determined relative to the

distal end 59 of the branch guidewire housing 61, which is a distance L4 plus a distance Ls as
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shown in Figure 34, wherein the distance Ls is the distance measured from the distal end 52 of the
branch balloon 18 to the distal end 59 of the branch guidewire housing 61. A distance L, is
typically in the range of about 50 to about 300 millimeters, and more preferably in the range of
about 50 to about 200 millimeters. The distance Ls is typically in the range of about 10 to about
100 mm, and more preferably about 10 to about 20 mm.

In other arrangements, a separate rapid exchange port area can be provided for the main
guidewire housing 47 at a distal end thereof. In one example, the rapid exchange port area for the
main guidewire housing 47 is positioned within the same rapid exchange port area as the branch
guidewire housing 61.

The stent 20 includes distal and proximal ends 70, 72, a side opening 74, and an
expandable portion 76 that defines the side opening 74. The expandable portion 76 is configured
to expand radially outward into, for example, a branch vessel at a vessel bifurcation (see Figure
30). The stent 20 is positioned on the main balloon 16 with the side opening 74 aligned with the
location on the main branch 16 where the branch balloon 18 extends radially outward as shown
in Figures 32 and 33.

The catheter assembly 400 can be used to treat a vessel bifurcation 26 that includes a main
vessel 28 and a branch vessel 30 extending from the main vessel 28 as shown in Figure 34.
Typically, when treating a vessel bifurcation 26, the catheter assembly 400 is arranged with the
main balloon 16 and stent 20 positioned within the main vessel 28 and the side opening 74 of the
stent 20 arranged facing an opening into the branch vessel 30. Later inflation of the main and
branch balloons 16, 18 result in the expandable portion 76 of the stent 20 extending into the
branch vessel 30 while the body of the stent 20 remains in the main vessel 28.

Providing a catheter assembly wherein the branch balloon is retractable into the main
balloon, otherwise described as an invaginated branch balloon, makes it possible to maintain the
branch balloon entirely within the stent prior to inflation of the main and branch balloons. Using
a retractable branch balloon in combination with a branch guidewire housing that extends
through the side opening in the stent and into a branch vessel can provide improved axial and
radial alignment of the stent side opening relative to the branch vessel prior to and during
inflation of the main and branch balloons, while also providing a path along which the branch
balloon can travel as the branch balloon extends from within the main balloon when uninflated

(see Figures 30 and 31) to a radially outward extending position when fully inflated (see Figure
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33). As the branch balloon is inflated and begins to move from within the main balloon through
the side opening 74 of the stent 20, the expandable portion 76 (also referred to as "petals") are
also moved in a radially outward direction.

In other arrangements when at least a portion of the side balloon extends through the side
opening 74 prior to inflation of the side balloon (e.g., see catheter assembly 100 shown in
Figures 15-17) inflation of the side balloon might result, in some instances, in bending or
otherwise moving portions of the expandable portion 76 of the stent 20 in a radial inward
direction or in a primarily longitudinal direction. Particularly, that portion of the expandable
portion 76 oriented on a distal side of the side opening 74 can be more susceptible to
deformation and/or movement in some direction other than a radial outward direction and into
the branch vessel.

A common orientation of the branch vessel 30 relative to the main vessel 28 is extending
at an acute angle such as shown in Figure 34. Therefore, positioning a branch balloon 18 on the
main balloon 16 so that the branch balloon 18 extends at an acute angle relative to the main
balloon 16 when fully inflated can help better align and engage both the branch balloon 18 and
the expandable portion 76 of the stent 20 with the branch vessel 30. The angle A (see Figure 33)
at which the branch balloon 18 extends relative to the main balloon 16 can be in the range of, for
example, 0° to about 90°, and more preferably about 30° to about 60°. Orienting the branch
vessel 18 at an obtuse angle relative to the main balloon 16 rather than a right angle or acute
angle is less common, but is a possible arrangement within the scope of the present disclosure.

Typically, the proximal end 69 of the branch guidewire housing 61 maintains a fixed axial
position relative to the main catheter shaft 12 (e.g., at the rapid exchange port area 96 shown in
Figure 34). Since the distal end 54 of the branch balloon 18 is secured to the branch guidewire
housing 60, the branch guidewire housing distal end 59 should be advanced distally into the
branch vessel 30 as the branch balloon 18 inflates and moves from a position internal the main
balloon 16 to a position extending radially outward from the main balloon 16. In order for the
branch guidewire housing 61 to axially move in a distal direction, there must either be an
additional amount of slack or extra length of branch guidewire housing 61 available between the
distal end 52 of the branch balloon 18 and the proximal end 69 of the branch guidewire lumen 61,
or the branch guidewire lumen 61 preferably include properties that permit elongation of the

branch guidewire housing 61. In one example, the branch guidewire housing 61 comprises a
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material with a percentage elongation capability of about 1% to about 5%, and preferably about
2% to about 3%. Thus, for a branch guidewire housing 61 having a length L4 of about 200 mm,
about 5 to about 10 mm of elongation is possible. This amount of elongation should be sufficient
for permitting the branch balloon 18 to extend from a position within the main balloon 16 (see
Figure 30) to a position extending radially outward from the main balloon 16 (see Figure 33)
when fully inflated.

Providing a branch guidewire housing 61 with elongation properties can provide elastic
characteristics that can assist in withdrawing the branch balloon 18 back into the stent 20 during
deflation of the main and branch balloon 16, 18. Typically, elongation of the branch guidewire
housing 61 is elastic in nature such that any percentage elongation results in recoil back to the
original length. An axial force is applied to the branch guidewire housing 61 as the branch
balloon 18 inflates, thereby elongating the branch guidewire housing 61. Once the branch
guidewire 18 begins to deflate, the applied axial force begins to release and the elastic forces of
the branch guidewire housing 61 react in an axially proximal direction thereby drawing the
branch balloon 18 back through the side opening 74 of the stent 20, and sometimes back into the
interior of the main balloon 16. This ability to retract the branch balloon 18 automatically can
provide less chances of, for example, the branch balloon 18 catching on or deforming the stent 20
when retracting the main and branch balloons 16, 18 from the stent 20.

A method of treating a vessel bifurcation is now described with reference to Figures 30-34
and catheter 400. A main guidewire 22 is advanced into the main vessel 28 to a position distally
beyond an opening into the branch vessel 30. A branch guidewire 24 is also advanced through
the main vessel 28 and into the branch vessel 30. The catheter assembly 400 is advanced over the
main and branch guidewires 22, 24 into position adjacent to the vessel bifurcation 26. The distal
end 59 of the branch guidewire housing 61 extends through the side opening 74 to a position
outside of the stent 20 while the stent 20 is crimped around deflated main and branch balloons
16, 18. Further distal advancement of the catheter assembly 400 advances the distal end 59 of the
branch guidewire housing 61 into the branch vessel 30 and helps orient the side opening 74 of the
stent in axial and radial orientation with an opening into the branch vessel 30.

With the side opening 74 oriented facing the opening into the branch vessel 30, the main
balloon 16 is inflated to expand the main body of the stent into engagement with the main vessel

28 (see Figure 31). Delivery of still further inflation fluid begins to inflate the branch balloon 18
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thereby moving the branch balloon 18 from a position within the main balloon 16 radially
outward through the side opening 74 (see Figure 32) until the branch balloon 18 is fully inflated
(see Figure 33). Movement of the branch balloon 18 from the position shown in Figure 31 to the
position shown in Figure 33 moves the expandable portion 76 of the stent 20 into a radially
outward orientation and into the branch vessel 30. Such movement of the branch balloon 18 also
clongates the branch guidewire housing 61 some percent elongation. With the stent expandable
portion 76 extending at least partially into the branch vessel 30, the main and branch balloons 16,
18 can be deflated and withdrawn from the stent 20.

After removal of the catheter assembly 400 from the stent 20, a dilation catheter 32 can be
advanced over the guidewire 22 (or a different guidewire that has been advanced through the
branch aperture 74 of stent 20) through an interior of the stent 20 and out of the branch aperture
74 into the branch vessel 30. The dilation catheter 32 is inflated to expand the expandable
structure 76 surrounding the branch aperture 74. Preferably, the dilation catheter 32 expands the
expandable structure 76 into engagement with the branch catheter 30, in particular, the carina 29
of vessel bifurcation 26 at the distal juncture between the main and branch vessels 28, 30 (see
Figure 5). The dilation catheter 32 is then deflated and removed proximally. The vessel
bifurcation 26, after post-dilation treatment by dilation catheter 32, can be further treated with
other stents, inflatable balloons, or other devices and methods. For example, a separate branch
stent can be inserted through the branch aperture 74 into the branch vessel 30 and expanded.
Preferably, the additional branch stent overlaps with the expandable structure 76 to provide a
substantially continuous structure of stent material between the stent 20 and the branch stent
positioned within the branch vessel 30. Alternatively, expansion of the expandable structure 76
can be performed using the separate branch stent rather than the dilation catheter 32.

One aspect of the present disclosure relates to a catheter assembly for treatment of a
vessel bifurcation. The catheter assembly includes a main catheter shaft, a stent having a branch
aperture defined in a sidewall of the stent between proximal and distal ends of the stent, a main
balloon, and a branch balloon. The main balloon is positioned at a distal end portion of the main
catheter shaft and extends through the stent between proximal and distal ends of the stent. The
branch balloon extends from within the stent adjacent the main balloon, through the branch
aperture of the stent, and into a branch vessel of the vessel bifurcation when inflated. The

branch balloon when inflated has a length dimension along a longitudinal direction of extension
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of the branch balloon that is at least as great as a maximum width dimension of the branch
balloon measured perpendicular to the length dimension.

Another aspect of the present disclosure relates to a catheter assembly adapted for
treatment of a vessel bifurcation. The catheter assembly includes a main catheter shaft, a main
balloon, and a branch balloon. The main balloon extends from a distal end portion of the main
catheter shaft within a main vessel of the vessel bifurcation. The branch balloon extends radially
outward relative to the main balloon when inflated. The branch balloon has a length sufficient to
extend into a branch vessel of the vessel bifurcation when the main balloon is in a deflated state
and the branch balloon is in an inflated state.

A further aspect of the present disclosure relates to a method of treating a vessel
bifurcation with a catheter assembly. The vessel bifurcation includes a main vessel, a branch
vessel extending from the main vessel, a stent having a branch aperture between proximal and
distal ends of the stent, a main catheter shaft, a main balloon at a distal end portion of the main
catheter shaft, and a branch balloon. The main balloon extends between proximal and distal
ends of the stent. The branch balloon extends through the branch aperture of the stent. Some of
the steps of the method include positioning the catheter assembly within the main vessel with the
branch aperture facing an ostium of the branch vessel, and inflating the branch balloon to extend
the branch balloon from within the main vessel into the branch vessel. A further step of the
method includes expanding the stent with the main balloon after inflating the branch balloon.
The branch balloon maintains contact with an interior of the branch vessel to resist axial and
rotational movement of the catheter assembly while the main balloon is inflated.

Another aspect of the present disclosure relates to a catheter assembly for treatment of a
vessel bifurcation. The catheter assembly includes a main catheter shaft, a main balloon, a branch
balloon, and first and second guidewire housings. The main catheter shaft has a proximal end
portion and a distal end portion. The main balloon extends from the distal end portion of the
main catheter shaft and includes a proximal end portion and a distal end portion. The branch
balloon has a proximal end portion and a distal end portion, and extends in a direction radially
outward relative to the main balloon. The first guidewire housing defines a first guidewire
lumen and extends through a portion of the main catheter shaft and through the main balloon
between the proximal and distal end portion of the main balloon. The second guidewire housing

defines a second guidewire lumen and extends through a portion of the main catheter shaft, into
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the main balloon through the proximal end portion of the main balloon, and through the branch
balloon between the proximal and distal ends of the side balloon.

A further aspect of the present disclosure relates to a catheter assembly adapted for
treatment of a vessel bifurcation. The catheter assembly includes a main catheter shaft, a main
balloon, a branch balloon, and a stent. The main catheter shaft has a proximal end portion and a
distal end portion. The main balloon extends from the distal end portion of the main catheter
shaft and includes a proximal end portion, a distal end portion, and a main balloon interior. The
branch balloon includes a proximal end portion and a distal end portion, and extends in a direction
radially outward relative to the main balloon when in an inflated state. The stent includes a
branch aperture positioned at a location between proximal and distal open ends of the stent. The
main balloon extends within the stent from the proximal open end to the distal open end of the
stent. The branch balloon extends through the branch aperture of the stent when inflated and is
positioned within the stent prior to inflation. In some arrangements, the branch balloon is
positioned within the main balloon interior prior to inflation. 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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In the Claims:

1. A catheter assembly for treatment of a vessel bifurcation, the catheter assembly
comprising:

a main catheter shaft having a proximal end portion and a distal end portion;

a main balloon extending from the distal end portion of the main catheter shaft, the main
balloon having a proximal end portion, a distal end portion, and an main balloon interior; and

a branch balloon, the branch balloon having a proximal end portion and a distal end
portion, the branch balloon extending in a direction radially outward relative to the main balloon
when in an inflated state;

wherein the branch balloon is positioned within the main balloon interior prior to

inflation.

2. The catheter assembly of claim 1 further comprising a stent, the stent having a
branch aperture positioned at a location between proximal and distal open ends of the stent, the
main balloon extending within the stent from the proximal open end to the distal open end of the
stent, the branch balloon extending through the branch aperture of the stent when inflated and

positioned within the stent prior to inflation.

3. The catheter assembly of claims 1 or 2, further comprising:

a first guidewire housing, the first guidewire housing defining a first guidewire lumen and
extending through a portion of the main catheter shaft and through the main balloon between the
proximal and distal end portions of the main balloon; and

a second guidewire housing, the second guidewire housing defining a second guidewire
lumen and extending through a portion of the main catheter shaft, into the main balloon through
the proximal end portion of the main balloon, and through the branch balloon between the

proximal and distal ends of the side balloon.

4. The catheter assembly of any of claims 1-3, wherein the distal end of the branch

balloon is folded into the branch balloon when uninflated.

5. A catheter assembly for treatment of a vessel bifurcation, the catheter assembly

comprising:
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a main catheter shaft having a proximal end portion and a distal end portion;

a main balloon extending from the distal end portion of the main catheter shaft, the main
balloon having a proximal end portion and a distal end portion;

a branch balloon, the branch balloon having a proximal end portion and a distal end
portion, the branch balloon extending in a direction radially outward relative to the main balloon;

a first guidewire housing, the first guidewire housing defining a first guidewire lumen and
extending through a portion of the main catheter shaft and through the main balloon between the
proximal and distal end portions of the main balloon; and

a second guidewire housing, the second guidewire housing defining a second guidewire
lumen and extending through a portion of the main catheter shaft, into the main balloon through
the proximal end portion of the main balloon, and through the branch balloon between the

proximal and distal ends of the side balloon.

6. The catheter assembly of claim 5, wherein the first and second guidewire housings

are formed as a single shaft that defines the first and second guidewire lumens.

7. The catheter assembly of claims 5 or 6, wherein at least a portion of the main
catheter shaft and at least a portion of the first and second guidewire housings are formed as a

single shaft that defines the first and second guidewire lumens.

8. The catheter assembly of any of claims 5-7, wherein the single shaft further
defines an inflation lumen, the inflation lumen in fluid communication with at least the main

balloon.

9. The catheter assembly of any of claims 5-8, wherein the branch balloon is integral

with the main balloon.
10. The catheter assembly of any of claims 5-9, wherein the branch balloon is

positioned within an interior portion of the main balloon when the branch balloon is in a deflated

state, and the branch balloon is positioned exterior of the main balloon when in an inflated state.
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11. A catheter assembly for treatment of a vessel bifurcation, the catheter
assembly comprising:

a main catheter shaft having a proximal end portion and a distal end portion;

a stent having proximal and distal open ends and a branch aperture, the branch aperture
defined in a sidewall of the stent at a location between the proximal and distal open ends;

a main balloon extending from the distal end portion of the main catheter shaft, the main
balloon extending through the stent from the proximal open end to the distal open end; and

a branch balloon, the branch balloon extending in a direction radially outward relative to
the main balloon and through the branch aperture of the stent, the branch balloon when inflated
having a maximum length dimension that is at least twice as great as a maximum width

dimension of that portion of the branch balloon extending through the branch aperture.

12. The catheter assembly of claim 11, wherein the branch balloon is positioned on the

main balloon.

13. The catheter assembly of claims 11 or 12, further comprising a branch catheter
shaft, the branch catheter shaft having a distal end portion, wherein the branch balloon is

positioned at the distal end portion of the branch catheter shaft.

14. The catheter assembly of any of claims 11-13, wherein the branch balloon has at
least first and second sections along a length of the branch balloon, the first and second section

having different maximum width dimensions.

15. The catheter assembly of any of claims 11-14, further comprising a main
guidewire housing defining a main guidewire lumen, the main guidewire housing extending from
the proximal end portion to the distal end portion of the main balloon, and a branch guidewire
housing defining a branch guidewire lumen, the branch guidewire housing extending from the
proximal end portion to the distal end portion of the branch balloon, the main guidewire lumen
being sized to advance over a main guidewire positioned in the main vessel and the branch

guidewire lumen being sized to advance over a branch guidewire positioned in the branch vessel.
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16. The catheter assembly of any of claims 11-15, wherein a portion of the branch
balloon surrounds the branch guidewire housing, and a portion of the branch guidewire housing

extends through the branch aperture of the stent.

17. A catheter assembly adapted for treatment of a vessel bifurcation, comprising:

a main catheter shaft having a proximal end portion and a distal end portion;

a main balloon positioned at the distal end portion of the main catheter shaft, the main
balloon extending within a main vessel of the vessel bifurcation;

a branch balloon when inflated extending radially outward at an acute branch angle
relative to the main balloon, the branch balloon having a length sufficient to extend into a branch
vessel of the vessel bifurcation when the main balloon is in a deflated state and the branch

balloon is in an inflated state.

18. The catheter assembly of claim 17, wherein the branch balloon is molded integral

with the main balloon.

19. The catheter assembly of claims 17 or 18, further comprising a branch guidewire
housing that defines a branch guidewire lumen, wherein the branch guidewire housing extends

through branch balloon.

20. The catheter assembly of any of claims 17-19, further comprising a stent, the stent
having a proximal open end, a distal open end, and a branch aperture, the branch aperture defined
in a sidewall of the stent at a location between the proximal and distal open ends of the stent,

wherein the branch balloon extends through the branch aperture when inflated.

21. The catheter assembly of any of claims 17-20, wherein the acute branch angle is

within the range of 25° to 90° inclusive relative to a longitudinal axis of the main balloon.
22. The catheter assembly of any of claims 17-21, wherein a maximum width

dimension of that portion of the branch balloon extending outside of the stent is less than a

maximum internal width dimension of the branch vessel.
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23. The catheter assembly of any of claims 17-22, further comprising a main

guidewire housing defining a main guidewire lumen that extends through the main balloon.

24. The catheter assembly of any of claims 17-23, further comprising a branch
catheter defining a branch guidewire lumen and having a distal end portion, wherein the branch

balloon is positioned at the distal end portion of the branch catheter.

25. The catheter assembly of any of claims 17-24, further comprising a tether member,
the tether member having a distal end mounted to the branch balloon and a proximal end
mounted to the main balloon, wherein the tether defines in part the acute branch angle when the

branch balloon is inflated.
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