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MULTILAYER BALLOON FOR
BIFURCATED STENT DELIVERY
AND METHODS OF MAKING AND USING THE SAME

FIELD OF THE INVENTION
The present invention relates to the field of expandable balloon members,
particularly those for delivery of medical devices, particularly those delivered at or near

a bifurcation of a body lumen.

BACKGROUND OF THE INVENTION |

Vascular disease is prevalent and often involves the development of a
stenosis within a body vessel which causes narrowing of the vessel, or which can lead to
complete blockage (or occlusion), which leads to restriction or cessation of blood flow .
through this vessel.

Within the vasculature, it 1s not uncommon for a stenosis to form at a
vessel bifurcation. A bifurcation is an area of the vasculature or other portion of the
body where a first (or parent) vessel is bifurcated into two or more branch vessels.
Where a stenotic lesion or lesions form at such a bifurcation, the lesion(s) can affect
only one of the vessels (i.e., either of the branch vessels or the parent vessel) twb of the
vessels, or all three vessels.

Implantable medical devices, such as stents, are well known, and may be
designed for treatment at vessel bifurcations. Stents are implantable devices which are
introduced percutaneously, delivered transluminally to the treatment site in a reduced
diameter profile, and once in position, are radially expanded to an enlarged diameter.
Stents may be implanted 1n a vaniety of body lumens or vessels such as within the
vascular system, urinary tracts, bile ducts, fallopian tubes, coronary vessels, secondary
vessels, etc. Stents may be used to reinforce body vessels and to prevent restenosis
following angioplasty in the vascular system. They may be self-expanding, expanded by
an internal radial force, such as when mounted on a balloon, or a combination of self-
expanding and balloon expandable (hybrid expandable).

A stent 1s typically delivered using a stent delivery device, such as a stent
delivery catheter. In one common technique, the stent 1s cimped down to its delivery
position over an expandable member, which is disposed at the distal end of the delivery

catheter. The delivery catheter, with the expandable element and the stent disposed
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thereon, i1s advanced to the treatment site, wherein the balloon and the catheter are
expanded, the expandable member deflated and withdrawn, leaving the stent deployed at
the site.

Stents for use at vessel bifurcations may have a vanety of configurations
including, for example, segmented structures which include a primary branch and at
least one secondary branch which is positioned adjacent to and/or partially within the
primary branch. These segmented systems may employ multiple catheters and/or
balloons to deploy all of the stent segments.

Other bifurcated stents include single structure stents wherein the stent is
comprised of a trunk with two or more branches extending therefrom.

Still other stent configurations employ a single substantially tubular stent
which has a specialized side-branch opening through which an additional stent or
structural component may be deployed. Many of these systems employ a stent delivery
assembly having a dual-balloon system for deployment of the main and the side-branch
of the bifurcation stent.

In any case, it 1s desirable also to have delivery systems and components
thereof, including the expandable members, to be configured for efficient and accurate
deployment of these such stents at vessel bifurcations.

There remains a need 1n the art for improved delhivery systems and
components thereof, for delivery of stents at vessel bifurcations.

The information described above 1s not intended to constitute an
admission that such information referred to herein is "prior art" with respect to this
invention.

Without limiting the scope of the invention a brief summary of some of
the claimed embodiments of the invention is set forth below. Additional details of the
summarized embodiments of the invention and/or additional embodiments of the

invention may be found in the Detailed Description of the Invention below.

SUMMARY OF THE INVENTION

The present invention relates to expandable medical balloons useful for
delivery of implantable medical devices at vessel bifurcations.

In particular, the present invention relates to a single expandable medical
balloon which is configured so as to allow for deployment of a bifurcation stent which

has both main and side-branch openings.
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In one aspect, the present invention relates to an expandable medical
balloon useful for treatment of a bifurcated vessel, the balloon having at least one
expanded state, the balloon formed with at least one inner layer and at least one outer
layer, the outer layer having at least one cavity wherein the cavity extends at least
partially through the outer layer and‘allows protrusion of the inner layer therethrough
when the balloon is in its at least one expanded state. In one embodiment, the cavity
extends completely through the outer layer thereby forming an opening through which
the inner layer is exposed. The cavity 1s suitably located 1n the balloon body.

More specifically, the balloon is formed having at least one inner layer
and at least one outer layer, wherein the outer layer has at least one protrusion region,
the outer layer of the protrusion region having at least a partial thickness.

In one embodiment, the balloon 1s employed for the delivery of a
bifurcated stent having a main branch and a side branch, wherein the inner layer
protrusion corresponds with and extends into, the side branch of the bifurcated stent for
expansion of the side branch.

Using a single multilayer balloon according to the invention allows for a
more simplistic approach to stent delivery at vessel bifurcations than use of a dual-
balloon system, for example.

These and other aspects, embodiments and advantages of the present
invention will become immediately apparent to those of ordinary skill in the art upon

review of the Detailed Description and Claims to follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a longitudinal cross-section of an embodiment ot a balloon in an
unexpanded or static state in accordance with the invention.

FIG. 1A is a radial cross-section taken at section 1A-1A 1n FIG. 1.

FIG. 2 1s a longitudinal cross-section of a balloon similar to that shown 1n
FIGS. 1 and 1A 1n an expanded state.

FIG. 2A 1s a radial cross-section taken at section 2A-2A 1n FIG. 2.

FIG. 3 1s a perspective view of a generic stent having a main and a side-
branch opening for use at a vessel bifurcation.

FIG. 4 is a side view of a stent similar to that shown in FIG. 3 disposed
about an embodiment of a balloon according to the invention, each 1n their expanded

configuration in an environment of use.



CA 02658437 2009-01-09
WO 2008/033196 PCT/US2007/017883

FIG. 5 is a partial longitudinal cross-section of a multilayer preform for a
balloon.

FIG. 6 1s a longitudinal cross-section of a balloon formed from a
multilayer preform similar to that in ¥IG. 5 in a static state.

FIG. 7 is a partial longitudinal cross-section of a portion of a multilayer
balloon body as in FIG. 6 after removal of material from the outer layer.

FIG. 8 is a longitudinal cross-section of an expandable balloon member
formed as in FIGS. 5-7 in an expanded state.

FIG. 9 is a partial longitudinal cross-section of a multilayer preform for a
balloon.

FIG. 10 1s a partial longitudinal cross-section of a portion of a multilayer
balloon body after removal of material from the outer layer of a balloon preform similar
to that in FIG. 9.

FIG. 11 1s a longitudinal cross-section of an expandable balloon member

formed as 1n FIGS. 9-10 1n an expanded state.

DETAILED DESCRIPTION OF THE INVENTION

While this invention may be embodied in many different forms, there are
described in detail herein specific embodiments of the invention. This description is an
exemplification of the principles of the invention and is not intended to limit the
invention to the particular embodiments illustrated.

All published documents, including all US patent documents, mentioned
anywhere in this application are hereby expressly incorporated herein by reference in
their entirety. Any copending patent applications, mentioned anywhere in this
application are also hereby expressly incorporated herein by reference 1n their entirety.

The present invention relates to a multilayer expandable medical balloon
which finds particular utility for use in treatment of vessel bifurcations and for delivery

of stents for treatment at a vessel bifurcation.

The balloon includes at least one inner layer and at least one outer layer,
the outer layer having a cavity extending at least partially therethrough. The cavity may
extend all the way through the outer layer forming an opening through which the outer
surface of the inner layer is exposed. In one embodiment, the cavity extends completely
through the outer layer thereby forming an opening through which the inner layer 1s

exposed. The cavity allows the inner layer to expand therethrough.
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More specifically, the balloon is formed having at least one inner layer
and at least one outer layer, wherein the outer layer has at least one protrusion region,
the outer layer of the protrusion region having at least a partial thickness.

The expandable balloons according to the invention find particular utility
for delivery of an implantable medical device such as a stent having a main and a side-
branch for use at a vessel bifurcation, wherein the balloon i1s employed to expand the
stent from its unexpanded configuration to its expanded coﬁﬁguration during
deployment.

The main branch of the stent may be positioned in the main branch of the
vessel bifurcation. The side-branch of the stent may be positioned at the secondary or
side-branch of the vessel bifurcation.

During delivery and deployment of the stent at the vessel bifurcation, the
stent may be positioned over the balloon so that the side-branch opening of the stent 1s
positioned over the cavity in the outer layer of the balloon. During expansion, the at
least one inner layer of the multi-layer balloon expands into the cavity of the at least one
outer layer, and protrudes therethrough, thereby expanding the side-branch of the stent
into the ostium of the secondary vessel of the vessel bifurcation.

Depicted in the following figures are various aspects of the invention.
Elements depicted in one figure may be combined with, and/or substituted for, elements
depicted in another figure as desired.

Turmning now to the figures, FIG. 1 is a longitudinal cross-section of a
balloon 10 in an unexpanded or static state in accordance with the invention. As used
herein, the term “static” shall be used to refer to the balloon as it 1s formed, prior to
either deflation or expansion. For example, for a molded balloon, the static state is the
state of the balloon as it is removed from the balloon mold. In FIG. 1, balloon 10 is
shown having waist portions 12, cone portions 14 and body portion 16. Balloon 1s of a
multilayer construction having at least one inner layer 18 and at least one outer layer 20.
The inner layer has an inner surface 17 and an outer surface 19. Outer layer 20 has a
cut-out region or cavity 22 extending therethrough such that the outer surface 19 of the
inner layer 18 is exposed in the region. This region may also be referred to herein as a
“protrusion” region. The cut-out region or cavity 22 of the outer layer 20 may also be of
a partial thickness. While balloon 10 1s shown in this embodiment having two layers, it

should be noted that balloon 10 1s not limited to two layers and can have any number of

layers. FIG. 1A is a radial cross-section taken at section 1A-1A in FIG. 1.
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FIG. 2 1s a longitudinal cross-section of a balloon 10 similar to that
shown in FIGS. 1 and 1A in an expanded state. In the expanded state, the inner layer 18
1s shown with a protrusion 24 extending through cavity 22 (shown in FIGS. 1 and 1A).
FIG. 2A 1s a radial cross-section taken at section 2A-2A 1n FIG. 2.

While the protrusion in FIG. 2 is shown having a generally half-circular
or elliptical shape, it may take on other geometnes as well 1f so desired.

Balloon 10 shown in FIGS. 1, 1A, 2 and 2A find particular utility for
delivery of a stent having a main and a side-branch opening which can be employed at
vessel bifurcations.

One embodiment of a generic stent configuration for deployment at a
vessel bifurcation, shown for illustrative purposes only, i1s shown perspectively 1n FIG.
3. Stent 30 may be formed of wire or metal mesh wrapped into a cylindnical shape, or
may be formed from a tubular member with strut patterns cut therein, or may be formed
from a sheets of material which are wrapped or rolled into a cylindrical shape and the
edges secured together using any suitable method known in the art. A stent pattern may
be cut into the sheet before or after rolling. The present invention is not hmited to any
particular stent configuration. Stent 30 is shown having a primary or main stent body 40
which 1s formed of a plurality of interconnected stent members 32 which define a
plurality of openings 34 which extend through the body 40, and which are in fluid
communication with the primary lumen 36 of the stent body 40. Stent 30 i1s further
configured with an opening 42 different from the other stent openings 34. Opening 42 is
the side-branch opening of the stent. When the stent 30 is advanced to a vessel
bifurcation, side-branch opening 42 will be aligned with the ostium of a secondary
branch vessel adjacent the main vessel of a vessel bifurcation.

FIG. 4 is a side view of a stent mounted on the expandable balloon
member 10 shown disposed about the distal end of an inner catheter shaft 44 and the
distal end of an outer catheter shaft 46 and is shown in a bifurcated vessel 50. Vessel 50
1s shown having a side branch 6 and a main branch 8. Balloon 10 has an inner layer and
an outer layer as shown in FIGS. 1, 1A, 2 and 2A. Outer layer has an cavity as shown in
FIGS. 1, 1A, 2 and 2A which, in an expanded state, the inner layer expands therethrough
forming a protrusion 24. The protrusion 24 can be used to expand the side branch 42 of
stent 30 i1nto side branch 6 of vessel 50. Main body 40 of stent 30 1s shown expanded 1n

main branch 8 of vessel 50.
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Multilayer balloon 10 according to the invention may be made using any
conventional balloon forming techniques known to those of skill in the art. One
commonly employed method includes the basic steps of extruding a tubular parison or
balloon preform, placing the tubular panison in a balloon mold, and expanding the
tubular panison into the desired balloon configuration in the balloon mold. The main
processing steps may include other steps therein such as stretching and radial orientation
of the balloon matenal, for example, as well as annealing and heat setting, if desired.
The tubular parison may be stretched prior to molding, for example, in a separate step.
The stretching step may also be combined with the radial expansion step while the
tubular parison is in the balloon mold. An example of a balloon forming process is
disclosed in US Patent No. 4,490,421 which 1s incorporated by reference herein in its
entirety. Other suitable methods are known in the art.

FIGS. 5-8 1llustrate one embodiment of a method of making an
expandable multilayer balloon. In a first step, a tubular multilayer balloon preform 135,
as shown as a partial longitudinal cross-section in FIG. 5, may be formed as is known in
the art such as by coextrusion. Balloon preform 15 has an inner layer 18 and an outer
layer 20. The mnner layer 18 has an inner surface 17 and an outer surface 19. The
balloon preform 15 may then be placed in a balloon mold and radially expanded as 1s
known in the art to form a balloon 100 as shown in FIG. 6. As balloon 100 is removed
from the mold, it 1s considered to be in its static state. After this step, the outer layer 20
1s continuous with the inner layer 18. In order to provide the cavity 22 in the outer layer
20 as shown as an expanded partial longitudinal cross-section of balloon body 16,
material may be removed from the balloon 100 using any suitable technique such as by
laser ablation, grinding, chemical etching, etc. wherein the cavity 22 in the outer layer is
an opening extending therethrough with the outer surface 19 of the inner layer 18 of the
balloon 100 exposed. As noted above, cavity 22 may also be of a partial thickness.
Laser ablation methods are known and disclosed. in, for example, commonly assigned
US Patent No. 5826588 which is incorporated by reference herein in its entirety.

A second forming processing may be employed to create the final balloon
10 shown as a partial longitudinal cross-section in FIG. 8 by placing balloon 100 in a
mold and radially expanding to form the final balloon 10 as shown in FIG. 8. The
balloon 10 is removed from the mold in 1its static state, 1.e. prior to expansion or

deflation. The cavity (not shown) allows the inner layer 18 to expand outwardly into a
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bulge 24. This can be advantageously elﬁployed to expand a side-branch of a bifurcated
stent as explained above.

However, the second forming process may not be necessary as protrusion
of the inner layer may occur when the balloon 1s pressurized.

In an alternative process as shown in FIGS. 9-11, the multilayer tubular
parison 15 is formed using any suitable technique as described above such as by
coextrusion. A partial longitudinal cross-section of multilayer tubular parison 15 having
an inner layer 18 and an outer layer 20 i1s shown in FIG. 9. The inner layer 18 has an
inner surface 17 and an outer surface 19. The tubular parison may first be formed using
any method known in the art such as coextrusion of the layered parison, or tube-in-tube
methods wherein tubes are first formed, and then inserted one in another. Using such
methods, material may then be removed from the tubular parison 15 leaving a cavity 22
in the outer layer 20 which 1s of a partial thickness, or which extends all the way through
the outer layer and forming an opening through which the outer surface of the inner
layer 1s exposed. Removal of material may be accomplished using any suitable
technique such as by laser ablation, chemical etching, grinding, etc. as 1s known in the
art.

Another suitable method which can be employed is intermittent layer
coextrusion (ILC) wherein the opening(s) 1s provided 1n the outer layer 20 during
coextrusion .

Tubular parison 15 may then be placed into a balloon mold, and radially
expanded resulting in balloon 10 as shown in FIG. 11.

After any of the molding steps, a heat set step may be employed if
desired.

Once formed, the balloon may be folded and wrapped about its
longitudinal axis as is known 1in the art.

It should be noted herein that the geometry of the protrusion can be
changed by changing the geometry within the balloon mold.

Furthermore, if so desired, the process above can be modified so as to
provide two or more cavities in the outer layer and two or more protrusions into the
cavities from the 1nner layer.

Alternatively, the layers may be formed using other methods known 1n

the art. For example, the tubular partson may be formed of a single layer, and
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subsequent layers may be applied using other techniques such as by chemical treatment,
polymerization of an outer layer on the first, ion bombardment, etc.

A single layer balloon may also be formed followed by chemical
treatment, polymerization of an outer layer, ion bombardment, etc.

Any suitable balloon material may be employed for the inner layer and
the outer layer. Suitably, the outer layer 1s formed from a matenal which is different
than that of the inner layer. Suitably, the at least one 1nner layer 1s made from a matenal
which has a different compliance than that of the outer layer, 1.e. 1s either more
compliant or less compliant than the outer layer.

Suitably, the material for the outer layer is selected so as to be of the
compliance desired for deployment of a stent in a main branch vessel. Examples of
suitable balloon materials for the outer layer, for example, include, but are not limited to,
polyolefins such as polyethylene, polyesters such as polyethylene terephthalate (PET)
and polybutylene terephthalate (PBT), and polyamides (nylons), for example, are
commonly employed for deployment of a stent 1n a main branch vessel.

Materials which may form compliant or semi-compliant balloon layers
are those which are relatively soft or flexible polymeric matenals. Examples of these
materials include, but are not limited to, polyethylene (high density, low density,
intermediate density, linear low density), various copolymers and blends of
polyethylene, 1onomers, polyesters, polyurethanes, polycarbonates, polyamides,
polyvinyl chlornide, acrylonitrile-butadiene-styrene copolymers, polyether-polyester
copolymers, polyether-polyamide copolymers, block copolymers having styrene
endblocks and midblocks of isoprene, butadiene, ethylene/propylene, isobutylene and
ethylene/butylene, PTFE (TEFLON®), polyester-ester elastomers, polyether-ester
elastomers such as HYTREL® and ARNITEL®, polyether-ether ketone (PEEK),
polyether-block amides (PEBAX®) and mixtures thereof.

It has bee suggested that intermediate compliance balloons may be made
polymers such as polyethylene ionomer, polyvinyl chlonde, polyethylene or ethylene-
vinyl acetate, nylon, polyether-block amides, and styrenic block éopolyrners, for
example, as well as mixtures thereof |

Matertals which may form relatively non-compliant balloon layers may
be formed from relatively rigid or stiff polymeric materials. These materials include

thermoplastic polymers and thermoset polymeric matenals. Some examples of such

matenals include, but are not limited to, the polyalkylene terephthalates such as

9
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polyethylene terephthalate (PET) and polybutylene terephthalate (PBT), polyimides,
thermoplastic polyimides, polyamides, polyesters, polycarbonates, polyphenylene
sulfides, polypropylene, rigid polyurethanes as well as mixtures thereof.

As can be seen, some classes of matenals, such as polyethylene or
polyamides, for example, have members which fall into one or more of the comphance
categories, depending on their chemical composition, chemical structure and processing
parameters to which they are subjected, for example.

For a discussion of compliance, see, for example, commonly assigned
U.S. Patent Nos. 6171278, 6146356, 59051941, 5830182, 5556383 and 5447497, each of
which is incorporated by reference herein in its entirety.

Non-limiting examples of balloon materials may be found in commonly
assigned U.S. Patent Nos. 5500181, 5403340 and 5348538, each of which 1s
incorporated by reference herein in its entirety.

Of course, either layer may include reinforcement materials. Examples
include fiber or filament forms such as polyester, polyamide or carbon fiber, and further
may be sphere and particulate forms such as glass. Examples of reinforcing materials
include, but are not limited to, glass, carbon, ceramic, fluoropolymer, graphite, hquid
crystal polymers, polyester, polyamide, stainless steel, titanium and other metals such as
nitinol, or radiopaque materials (such as Bismuth or Tungsten) and the like.
Reinforcement matenials are disclosed in commonly assigned U.S. Patent No. 6024722,
the entire content of which is incorporated by reference herein.

Nanocomposite or microcomposite materials may be employed herein.
“Nanocomposite” or “microcomposite’ are terms art often used to refer to compositions
that include a polymeric matenal and relatively small amounts (generally less than about
10% by weight) of nanometer-sized (average size smaller than 1 micrometer) mineral
clay or nanosized ceramic particles dispersed therein, for example. Sometimes
nanocomposites are referred to as "nanoclay"” or "nanoceramic". For example,
nanocomposites are disclosed in commonly assigned copending WO 03/049795 A2, the
entire content of which is incorporated by reference herein. See also WO 930004118,
commonly assigned U.S. Patent Application No. 20050149177, and U.S. Pat. Nos.
5,385,776, and 6,251,980, each of which is incorporated by reference herein in its

entirety.
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These materials can be added for the purpose of restricting or controlling
compliance. Radiopaque materials may be added to provide a visual aid for positioning
of the balloon and/or stent at the treatment site in a body lumen, for example.

The above lists are intended for illustrative purposes only, and not as a
limitation on the scope of the present invention.

The expandable balloon members according to the invention find utility
in the treatment of vascular disease, particularly for the treatment of disease at vessel
bifurcations. Procedures wherein such balloons may be employed include, for example,
plain old balloon angioplasty (POBA) and percutaneous transluminal coronary
angioplasty (PTCA), as well as delivery of implantable medical devices such as stent
delivery.

The multilayer expandable balloon members as disclosed herein allow for
delivery of stents at vessel bifurcations using a single balloon member. The use of a
single balloon member is advantageous for a variety of reasons including easier, more
efficient assembly, easier balloon folding/wrapping and crimping of the stents onto the
balloon and reduced withdrawal force post-stent deployment.

The multilayer expandable balloon members can be employed in
combination with any catheter assembly used for vascular treatment and in combination
with any stent delivery device employed 1n such treatments. |

The following non-limiting example 1s further illustrative of the present

invention.
EXAMPLES

Example 1

A tubular panison having an inner layer of PEBAX® 6333, poly(ether-
block-amide), available from Arkema Inc. in Philadelphia, PA, and an outer layer of
Melinar Laser+® polyethylene terephthalate (PET), available from Advansa in
Hoofddorp, The Netherlands, was coextruded. The inner diameter of the coextruded
tubular parison was 0.023”’ and the outer diameter of 0.046”°. The inner layer and outer
layer were extruded at equal mass flow rates. The extruder was employed with several
heating zones ranging from about 350° F (about 177° C) to about 515° F (about 268° C).

A balloon was formed by placing the tubular parison in a conventional balloon mold

form such as disclosed 1n commonly assigned U.S. Patent No. 5,714,110 to Wang (see
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FIG. 4), the entire content of which is incorporated by reference, and radially expanding
the tubular parison into the mold form at a temperature of 95° C and 350 psi (about 2.40
megapascal). The balloon dimensions were 3.0 mm x 24.0 mm. After radial expansion
in the balloon mold, the thickness of the outer layer 1s slightly less than the thickness of
the inner layer.

Once the balloon was formed, a substantially circular section having a
diameter of about 1.5 mm was cut into the outer layer of the balloon with a UV laser,
forming an opening extending all the way through the outer layer, exposing the outer
surface of the inner layer.

Upon 1nflation to a pressure of about 10 atm, the main branch portion of
the balloon was expanded. After inflation to 15 atm, the inner layer expanded through
the opening to form a protrusion, i.e. the size branch portion of the balloon.

It should be noted that inflation pressures may vary depending on the
maternals selected, processing parameters, and balloon wall thickness.

Other factors which may attect side branch deployment include the shape
and dimensions of the cavity and the thickness of the outer layer 1n the cavity region.

The above disclosure is intended to be 1llustrative and not exhaustive.
This description will suggest many vanations and alternatives to one of ordinary skill in
this art. All these alternatives and vaniations are intended to be included within the
scope of the attached claims. Those familiar with the art may recognize other
equivalents to the specific embodiments described herein which equivalents are also
intended to be encompassed by the cl.airns attached hereto.

This PCT application claims priority from U.S. Application No.
11/519,420, filed on September 12, 2006, the entire contents of which is hereby

incorporated by reference.
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CLAIMS:
1. An expandable medical balloon useful for treatment of a bifurcated vessel, the

balloon comprising at least one continuous inner layer, tl(1e inner layer having an inner
surface and an outer surface, and at least one outer layer, the outer layer comprising a
cavity which extends at least partially through the outer layer.

2. The expandable medical balloon of claim 1 wherein said cavity is an opening
which extends through the outer layer exposing the outer surface of the inner layer.

3. The expandable medical balloon of claim 1 having at least one expanded state,
the at least one inner layer protruding through the cavity in the at least one outer layer
when the balloon is 1n said at least one expanded state.

4. The expandable medical balloon of claim 1 wherein the at least one outer layer 1s
formed of a matenal having wherein said outer layer 1s of a first compliance, and the.
inner layer 1s formed of a material wherein said inner layer of a second compliance, the
second compliance is less than the first compliance.

5. The expandable medical balloon of claim 1 wherein the at least one outer layer is
formed of a matenal wherein said outer layer is of a first compliance, and the inner layer
1s formed of a material wherein the inner layer 1s of a second compliance, the second
compliance 1s greater than the first compliance.

6. The expandable medical balloon of claim 1 wherein the at least one outer layer is
formed from at least one material selected from the group consisting of homopolymers,
copolymers and terpolymers of ethylene, polyamides, polyalkylene terephthalates,
polyimides, polyesters, copolyesters, polycarbonates, polyphenylene sulfides,
polypropylene, polyurethanes and mixtures thereof.

7. The expandable medical balloon of claim 1 wherein said inner layer is selected
from the group coﬂsisting of homopolymers, copolymers and terpolymers of ethylene,
polyesters, copolyesters, polyurethanes, polycarbonates, polyamides, polyvinyl chlonde,
acrylonitrile-butadiene-styrene copolymers, polyether-polyester copolymers, polyether-
polyamide copolymers, block copolymers having styrene endblocks and midblocks of
isoprene, butadiene, ethylene/propylene, isobutylene and ethylene/butylene,
fluoropolymers, polyester-ester elastomers, polyether-ester elastomers, polyether-ether
ketone, polyether-block amides and mixtures thereof.

8. The expandable medical balloon of claim 1 having more than one cavity in said

at least one outer layer and wherein the inner layer protrudes into each cavity.
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0. The expandable medical balloon of claim 1 in combination with a bifurcated
stent, the bifurcated stent having a main branch and a side-branch and having an
expanded state, and wherein the side-branch of the stent corresponds to the cavity
through which the inner layer protrudes, and in the expanded state, the inner layer of the

expandable medical balloon protrudes into the side-branch opening of the stent.

10. The expandable medical balloon of claim 8 in combination with a stent delivery
catheter.
11. The expandable medical balloon of claim 1 wherein said balloon comprises at

least a portion of a stent delivery catheter.
12. A method of making a multilayer expandable balloon for treatment at a vessel
bifurcation, the balloon having at least one 1nner layer and at least one outer layer, the
method comprising the steps of:

forming a tubular parison comprising said at least one inner layer of a first
polymer material, the inner layer having an inner surface and an outer surface and said at
least one outer layer of a second polymer matenal;

placing said tubular parison in a balloon mold form; and

radially expanding said tubular parison in said balloon mold form to form a
multilayer expandable balloon wherein a protrusion of said inner layer 1s formed 1n said
cavity of said at least one outer layer;

wherein the outer layer has at least one cavity extending at least partially
therethrough.
13. The method of claim 12 wherein the cavity in the outer layer 1s an opening
through which the outer layer of the inner layer 1s exposed.
14, The method of claim 12 wherein said forming step comprises coextruding said at
least one inner layer and said at least one outer layer.
15. The method of claim 12 further comprising the step of removing matenal from
said outer layer to form said cavity wherein said removing step comprises laser ablation,
chemical etching or grinding.
16. The method of claim 12 wherein said forming step comprises the ste;()s of

forming a first tubular parison;

forming a second tubular parison; and

disposing said second tubular parison over said first tubular parison;
wherein the first tubular parison forms said at least one inner layer and said second

tubular parison forms said at least one outer layer.
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17. The method of claim 12 wherein said forming step comprises intermittent layer
coextrusion.
18. The method of claim 12 wherein said first polymer matenal i1s different than said
second polymer material.
19. The method of claim 12 wherein said at least one outer layer is of a first
compliance and said at least one inner layer is of a compliance which is less than that of
the outer layer.
20. The method of claim 12 wherein said at‘least one outer layer is of a first
compliance and said at least one inner layer is of a second compliance which is less than
that of the outer layer.
21. The method of claim 12 further comprnising a stretching step either subsequent to
coextrusion of said tubular parison or combined with radial radial expansion of said
tubular parison.
22. The method of claim 12 further comprising heat setting of said expandable
medical balloon subsequent to radial expansion.
23. The method of claim 12 further comprising the step of crimping a bifurcated
stent onto said balloon, said bifurcated stent having a main branch and a side branch,
said side branch corresponding to said cavity of said outer layer.
24. A method of making a multilayer expandable balloon for treatment at a vessel
bifurcation, the balloon having at least one inner layer of a first polymer material and at
least one outer layer of a second polymer material, the method comprising the steps of:
forming a tubular comprising said at least one inner layer formed of a first
polymer material and said at least one outer layer formed of a second polymer matérial;
radially expanding said tubular parison in said balloon 1n a first mold form to
form a multilayer expandable balloon having at least one inner layer and at least one
outer layer;
removing material from said at least one outer layer to form cavity which extends
at least partially through the outer layer;
radially expanding said multilayer expandable balloon in a second mold form
wherein said a protrusion ot said inner layer is formed in said cavity of said at least one
outer layer. |
25. The method of claim 24 wherein said cavity is an opening extending through the

outer layer and exposing the outer surface of the inner layer.
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