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Description

BACKGROUND OF THE INVENTION

[0001] Atherosclerotic cardiovascular disease is com-
mon, and is caused by a narrowing of the arterial lining
due to atherosclerotic plaques. Medical balloons are
used in the body in the treatment of atherosclerotic car-
diovascular disease and include dilatation devices for
compressing plaque and for expanding prosthetic devic-
es such as stents at a desired location in a bodily vessel.
[0002] Percutaneous transluminal coronary angi-
oplasty, or balloon angioplasty, is a non-invasive, non-
surgical means of treating peripheral and coronary arter-
ies. This technique consists of inserting an uninflated bal-
loon catheter into the affected artery. Dilation of the dis-
eased segment of artery is accomplished by inflating the
balloon which pushes the atherosclerotic lesion outward,
thereby enlarging the arterial diameter.
[0003] Another type of medical balloons are those hav-
ing cutting edges, also referred to as atherotomes or
blades, for recanalizing and dilating a diseased vessel,
and facilitating balloon angioplasty procedures.
[0004] In either type of application, it is typically nec-
essary for the balloon to traverse a tortuous anatomy as
it is being delivered to the location in a bodily vessel; it
is desirable for the balloon to assume as low a profile,
i.e. the outer diameter of the distal end portion of the
balloon, as possible. Considerable effort has been put
forth in the development of dilatation balloons with a low
profile by minimizing the dimensions of the core or the
inner tube which extends through the balloon to its distal
end, and by reducing the wall thickness of the balloon
itself.
[0005] One way to achieve a low profile in the deflated
state of the balloon is by folding the balloon to form a
number of wings. In the deflated state, the balloon col-
lapses upon itself forming flaps or wings that must be
folded or wrapped around the balloon catheter to allow
it to be withdrawn from the patient’s vasculature after use.
[0006] Also prior to use, the balloon is typically folded
or wrapped about the balloon catheter to fit within and
pass through the guide catheter lumen. When inflation
fluid is applied to the deflated balloon, the balloon wings
or flaps unwrap and the balloon inflates to a fully expand-
ed condition. Various techniques or balloon construc-
tions have been employed to facilitate the folding of the
balloon about the balloon catheter in a uniform manner
upon evacuation and deflation of the balloon after use.
[0007] One approach has been to construct the balloon
of a cylinder of material, such as polyethylene, that is
uniform about its circumference but can be heat set after
it is wrapped or folded to form curved, overlapping flaps
or wings extending from fold lines in a manner described
further below. Heat setting of the balloon results in a bal-
loon that when, upon application of negative pressure
during deflation, will return fairly closely to its tightly
wrapped heat set configuration.

[0008] Another approach has been taken to fabricate
the balloon itself with fold line structures and flap shapes,
particularly for use with balloons formed of stronger pol-
yesters, for example, polyethylene terepthalate (PET).
[0009] There remains a need, however, for innovative
and improved methods for folding balloons and for im-
proved balloon refold.
[0010] US 6,013,055 discloses a catheter balloon hav-
ing selected folding characteristics. The balloon incorpo-
rates an inflatable membrane having a number of per-
pendicular ribs which have a higher resistance to col-
lapse during deflation. A number of longitudinal ribs are
provided which are preferably equidistantly spaced about
a longitudinal axis and which extend beyond a proximal
and a distal end of the balloon. A number of triangular
indentations is provided, wherein each triangular inden-
tation is preferably equidistantly positioned between ad-
jacent longitudinal ribs. The triangular indentations ex-
tend trough a perpendicular rib to reduce the resistance
of the perpendicular rib to collapse during deflation.
[0011] US 6,491,711 B discloses a balloon with a mold-
ed fully expanded configuration and a folded configura-
tion into which the balloon is heat set.
[0012] The problem of the invention is to provide an
inflatable balloon having good refolding characteristics
after inflation and deflation.
[0013] The problem of the invention is solved by an
expandable balloon according to claim 1. The subject
matter of the dependent claims refers to preferred em-
bodiments.

SUMMARY OF THE INVENTION

[0014] The present invention relates to expandable
balloons for catheters for insertion into parts of the body
as defined in appended claim 1 and particularly to a cath-
eter with a balloon that after expansion, use and evacu-
ation of inflation fluids will fold itself into a predetermined
shape of limited diameter so that it can be easily with-
drawn from the body.
[0015] While the present invention finds utility for bal-
loons used for coronary angioplasty procedures, the
present invention also finds utility for other types of med-
ical balloons including, but not limited to, cutting balloons,
balloons used in the biliary duct, urinary tract, expandable
balloons for medical delivery devices including stents,
etc.
[0016] The balloons suitably have two or more wings,
even more desirably three or more wings, and most de-
sirably four or more wings. The wings may be desirably
disposed uniformly about a reference circle. Each wing
may also have a substantially polygonal geometric
shape.
[0017] In some embodiments, the balloons have a plu-
rality of wings such that they form a star-like structure.
As used herein, the term "star" shall be used to refer to
any structure having a plurality of wings wherein a plu-
rality is 3 or more wings. In some embodiments, the bal-
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loons have four wings forming a four-point star-like struc-
ture.
[0018] The geometric structure of the balloons de-
scribed herein facilitates refolding of the balloon after
evacuation and deflation.
[0019] Other benefits and advantages will become ap-
parent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is an enlarged perspective view of a cutting
catheter balloon in accordance with one embodi-
ment of the invention, shown in a deflated state.
FIG. 2 is a cross-sectional view of a cutting catheter
balloon substantially similar to that in FIG. 1 in a static
state.
FIG. 3 is an expanded cross-sectional view of the
cutting catheter balloon similar to that shown in FIG.
2 deflated from its static state during a balloon folding
process.
FIG. 4 is an enlarged cross-sectional end view of a
catheter balloon with substantially similar geometric
configuration to those shown in FIGS. 1-3 folded
about the catheter shaft.
FIG. 5 is an expanded cross-sectional view of a cut-
ting balloon similar to that shown in FIGS. 3 and 4
in an expanded state.
FIG. 6 is an expanded cross-sectional view of an-
other embodiment of a dilatation balloon according
to the invention in a deflated state.
FIG. 7 is an expanded cross-sectional view of a bal-
loon similar to that shown in FIG. 6 in an expanded
state.
FIG. 8 is an expanded cross-sectional view of a bal-
loon as in FIGS. 6 and 7 in a more highly expanded
state.
FIG. 9 shows the balloons of FIGS. 6-8.
FIG. 10 is an expanded cross-sectional view of a
geometric balloon mold having a four-point star
structure shown with square tubing.
FIG. 11 is an expanded cross-sectional view of an
alternative geometric four-point star balloon mold.

DETAILED DESCRIPTION OF THE INVENTION

[0021] While this invention may be embodied in many
different forms, there are described in detail herein spe-
cific embodiments of the invention. The present disclo-
sure is an exemplification of the principles of the invention
and is not intended to limit the invention to the particular
embodiments illustrated.
[0022] For the purposes of this disclosure, like refer-
ence numerals in the figures shall refer to like features
unless otherwise indicated.
[0023] While the expandable balloons described here-
in may take on many geometric configurations, there will

be described herein, some specific embodiments of the
invention.
[0024] The expandable balloons according to the in-
vention are expandable from a folded condition for inser-
tion into the body to an expanded condition with a diam-
eter in the expanded state being substantially greater
than the folded condition to provide medical treatment
and, after treatment, being revertible into a folded con-
dition of predetermined configuration.
[0025] The balloons according to the invention have a
static state, at least one first expanded state, and at least
one deflated state and at least one second expanded
state. Balloons are typically deflated from their static state
prior to wrapping or folding by applying negative pres-
sure. The balloons according to the invention have sub-
stantially polygonal geometric shapes which facilitate re-
folding of the dilation balloon after evacuation and defla-
tion. As defined herein, a substantially polygonal geo-
metric shape shall refer to those having three or more
sides. In some embodiments described herein, the sub-
stantially polygonal geometric shape is one having five
or more sides.
[0026] The balloons according to the invention also
have a substantially polygonal geometric shape in the at
least one first expanded state and in the at least one
second expanded state.
[0027] The substantially polygonal geometric shape in
the at least one first expanded state may be the same
as or different than the substantially polygonal geometric
shape of the balloon in the at least one second expanded
state. Thus, the balloons according to the invention have
more than one expanded state, and in each expanded
state, exhibit a substantially polygonal geometric shape.
[0028] "Substantially polygonal" shall be used herein
to refer to the structures having three or more sides, of
which the side forming the base of the polygon may have
a slight curvature as defined by the balloon structure.
The base line may also be substantially straight depend-
ing on the balloon structure. The base line shall be de-
fines as that line tangential to the guide wire lumen.
[0029] As used herein, the term "static state" refers to
a medical balloon as it is removed from the mold, prior
to deflation, or expansion.
[0030] The term "fully expanded" shall refer to the max-
imum amount of expansion that the medical balloon will
undergo during use and in the embodiments of the in-
vention will correspond with the at least one second ex-
panded state.
[0031] The term "deflated" may refer to a medical bal-
loon which has been evacuated or deflated from its static
state. Of course, a balloon may also be deflated from a
fully expanded state, but remains in a state of expansion,
if it is between the static state and the fully expanded
state. An intermediate expanded corresponds to the at
least one first expanded state.
[0032] Any suitable inflation pressures may be em-
ployed herein and depend on the type of balloon, as well
as the application for which the balloon is employed. In-
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flation pressures used may be anywhere from about 8 to
about 30 atmospheres, depending on the type of balloon
material employed, the wall thickness, layers employed,
and so forth. Balloons employed in the peripheral ves-
sels, for example, may have rated burst pressures in the
12-14 atmosphere range pressure while balloons used
in the coronary vessels may have rated burst pressures
of about 18-21 atmospheres, for example. Of course
these numbers are intended for illustrative purposes only,
and not as a limit on the scope of the invention. Modifying
the design of a balloon, such as with reinforcement, for
example with braiding, may lead to higher rated burst
pressures.
[0033] Balloons are typically formed by blowing and
stretching of a segment of extruded polymer tubing re-
ferred to as a balloon "preform" or parison. The balloon
preforms according to the invention may be substantially
cylindrical or substantially square, for example. Further-
more, the inner and outer surface of the balloon preforms
may have a different geometric shape.
[0034] Turning now to the figures, FIG. 1, shows an
enlarged perspective view of a cutting balloon 10 dis-
posed at the distal end of a catheter shaft 30 having an
inflation lumen (not shown) extending therethrough.
Catheter assemblies may be equipped with an inflation
lumen running through a shaft upon which the balloon
may be disposed. Fluid can be supplied through the in-
flation lumen to the balloon, and upon application of neg-
ative pressure to the inflation lumen, the balloon deflates.
The balloon is shown in a deflated, but unwrapped or
unfolded state. The balloon of FIG. 1 is shown having a
four-point star structure.
[0035] Balloon 10 according to the invention may have
a plurality of wings such as two, three, four, or more
wings. In the embodiment illustrated in FIG. 1, Balloon
10 is shown having a four-winged structure in a deflated
state. Balloon 10 is shown having a longitudinal axis 16
represented by a dotted line. Each wing 12 may have a
substantially polygonal geometric shape in a cross sec-
tional view perpendicular to the longitudinal axis 16, the
polygonal geometric shape having three or more sides.
Each wing is formed having substantially straight sides
connected by a base line 20 which is substantially straight
or which has a slight curvature as determined by the
shape of the balloon structure. In the embodiment shown
in FIG. 1, each wing 12 is shown having a substantially
triangular shape defined by two substantially straight
lines 22a, 22b and a slightly curved base region 20. The
base line shown in FIG. 1 is substantially shorter than
the sides of each wing. Base region 20 is shown tangen-
tial to guide wire lumen 34 as defined by inner catheter
shaft 32. In Fig. 1, balloon 10 is secured to inner catheter
shaft 32 at the distal end and is secured to outer catheter
shaft 30 at the proximal end.
[0036] The balloons according to the invention may fur-
ther include atherotomes or blades. Located in between
each wing 12 in this embodiment are atherotomes or
blades 14. The term "atherotome" shall hereinafter be

used to refer to any cutting edge on the balloon catheter
device.
[0037] Balloon 10 may be formed from any suitable
polymeric material including polyolefins such as polyeth-
ylene including low, medium and high density polyeth-
ylenes, and copolymers thereof; polyesters and copoly-
mers thereof such as polyethylene terephthalate or poly-
butylene terephthalate; polyamides, i.e. nylon, and co-
polymers thereof such as polyether block amides, i.e.
those sold under the tradename of PEBAX® from Atofina
Chemicals in Philadelphia, PA; polyimides; and so forth.
[0038] Suitable balloon materials are described in
commonly assigned U.S. Patent Nos. 5549552,
5882334, 6171278 and 6146356.
[0039] The balloons may be formed using conventional
balloon forming techniques. Such processes are known
in the art. One balloon forming technique is described in
US 4,490,421 to Levy .
[0040] However, unlike other conventional processes,
the balloon preform may be extruded into a substantially
polygonal geometric shape, and the balloon may be
formed in a mold having a substantially geometric polyg-
onal shape. In one embodiment, the balloon preform is
extruded into a shape which is substantially square and
the tubing is then placed in a mold wherein the mold has
a substantially polygonal shape which has a plurality of
wings, each wing having a substantially polygonal geo-
metric shape. It is important to note that the balloon pre-
form has an inner and outer surface. Each of the inner
surface and the outer surface may have the same geo-
metric configuration, or in some embodiments, the inner
and outer surface may have a different geometric shape.
For example, the inner surface may define a square,
while the outer surface has a circular geometric config-
uration.
[0041] Balloon 10 may be formed of any conventional
dimensions and may be made in various sizes depending
on the application, but balloons are typically from about
20 to about 30 mm in length, and from about 1.5 to about
8.0 mm in diameter.
[0042] Inner catheter shaft 32 may define a guide wire
lumen 34 for accommodating a guide wire used to steer
and manipulate balloon 10 within a patient’s vasculature
system during a medical procedure such as angioplasty.
[0043] FIG. 2 illustrates generally at 10, a cross-sec-
tional view perpendicular to the longitudinal axis of a bal-
loon similar to that shown in FIG. 1, in a static state. As
used herein, the term "static state" shall refer to the bal-
loon state after being removed from the mold and prior
to deflation or inflation. In this embodiment, balloon 10
is shown having a substantially polygonal geometric
shape which is in the shape of a four-point star, the star
having four wings 12, each wing having a substantially
polygonal geometric shape, in particular a substantially
triangular shape. Each side of the triangle, 22a, 22b, is
connected by a base region 20 tangential to guide wire
lumen 34 as defined by inner catheter shaft 32. In this
embodiment, base region 20 has a slight curvature as
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represented by the dotted line 20. Between each of the
wings 12, is shown atherotomes or blades 14.
[0044] FIG. 3 shows the same balloon as FIG. 2, but
after having applied negative pressure, i.e. the balloon
is deflated, such as during a balloon folding operation.
[0045] Any conventional balloon folding apparatuses
and techniques may be employed in wrapping or folding
of the balloons according to the invention.
[0046] FIG. 4 is a cross-sectional depiction of a balloon
10 (not showing the blades) having a substantially similar
configuration to those shown in FIGS. 1-3, with wings 12
folded about the inner catheter shaft 32.
[0047] For balloon folding or wrapping, current tech-
nologies typically employ a number of hard die-like struc-
tures which are moved radially inward toward the center
of a partially expanded balloon. Negative pressure, i.e.
a vacuum, is applied to the balloon during this balloon
folding process. The balloon is typically placed in some
sort of holding fixture, and then maintained in a partially
expanded state until the dies have reached the end of
their stroke. A vacuum is then applied to the balloon to
deflate the balloon and form wings that conform to the
configuration of the dies. The wings may then be wrapped
or rolled around the circumference of the balloon.
[0048] Desirably, in the embodiment in which the bal-
loon has a four-point star like structure, the blades of the
folding apparatus may be circumferentially spaced at 90°
intervals about the balloon.
[0049] Any suitable balloon folding apparatus may be
employed herein. The above is only one exemplification
of a balloon folding method and is not intended to limit
the scope of the present invention. Balloon folding appa-
ratuses and techniques are known in the art. For exam-
ple, balloon folding apparatuses and methods thereof are
discussed in commonly assigned copending U.S. Pub-
lished Application Nos. 2003/0083687A1
and2003/0163157A1.
[0050] Other balloon folding apparatuses and methods
thereof are described in US 5350361, US 6126652, US
2002/0163104A1, US 6033380, to mention only a few.
[0051] The present invention is not limited by the type
of balloon folding apparatus or method used therein.
[0052] Once folded, the present invention typically
does not require heat setting of the balloon, although this
step does not have to be excluded and in some embod-
iments it may be desirable to employ a heat set.
[0053] Balloon protectors or sleeves may be employed
to keep the balloon wrapped or folded prior to inflation
and to help refold the balloon during and after deflation.
If an elastic sleeve is provided, a guide wire may be
passed along the balloon inside the sleeve. An example
of this type of structure is described in US 6071285.
[0054] FIG. 5 illustrates generally at 10, a cross-sec-
tional view of a similar dilatation balloon structure to that
shown in FIG. 1 with the balloon in its fully expanded
state.
[0055] FIG. 6 illustrates generally at 10, another em-
bodiment of a balloon in a static state 40 having a sub-

stantially polygonal geometric structure according to the
invention. In this embodiment, balloon 10 is shown with
a four-wing structure, each wing having a substantially
polygonal geometric shape which has five sides, i.e. a
substantially pentagonal, in which the base is substan-
tially straight, or may have a slight curvature. As can be
each pentagon has four sides 22a, 22b, 22c, 22d wherein
22c, 22d are connected at base region 20. The resultant
balloon thus has a structure wherein each wing 12 has
a pentagonal geometric structure.
[0056] FIG. 7 illustrates a balloon structure, which is
substantially similar to that of FIG. 6 in one expanded
state 50 and FIG. 8 is substantially the same balloon
structure as that shown in FIG. 6 in an even more highly
expanded state 60.
[0057] FIG. 9 illustrates the balloon of FIGS. 6-8 in a
static state 40 as shown in FIG. 6 and in a first expanded
state 50 as shown in FIG. 7 and in a fully expanded state
60 as shown in FIG. 8.
[0058] Any suitable balloon forming techniques may
be employed. Such techniques are known in the art. An
example of one method is described in US 4,490,421.
[0059] The methods typically include the basic steps
of extruding a tubular parison, placing the tubular parison
in a balloon mold, and expanding the tubular parison into
the desired balloon configuration in the balloon mold.
[0060] Desirably, the balloon is formed in a single
molding step in which the configuration shown in FIG. 6,
is the molded configuration.
[0061] Alternatively, the balloons according to the in-
vention may be formed using a method which includes
several molding steps wherein each configuration shown
in FIGS. 6, 7 and 8 may be formed during a single molding
step. For example, using one process, the second ex-
panded configuration shown in FIG. 8 may be molded in
a first mold during a first molding step, the first expanded
configuration shown in FIG. 7 may be formed in a second
mold during a second molding step, and the configuration
of the balloon in its static state, shown in FIG. 6 may be
formed in a third mold during a third molding step. While
it is desirable to mold the most expanded configuration
first, the order of such molding steps may be altered de-
pending on the balloon configuration in each state. The
balloon has a first molded configuration corresponding
to a second expanded state, a second molded configu-
ration corresponding to a first expanded state, and a third
molded configuration corresponding to a static state. The
substantially polygonal geometric shape of the balloon
in the first and second expanded states may be the same
substantially polygonal geometric shape, or they may be
different, and one or both may have a substantially po-
lygonal geometric shape that is different from the sub-
stantially polygonal geometric shape of the third molded
configuration, i.e. that exhibited in the static state. Of
course, in the event that the balloon exhibits the same
substantially polygonal geometric shape in both a first
and second expanded state, only a two molding step
process may be required. Each molding step may be
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followed by a heat set.
[0062] Any of the embodiments described herein may
be molded in this fashion. Such a process is intended for
illustrative purposes only, and not as a limitation on the
scope of the invention. One of ordinary skill in the art
would understand that the steps be altered depending
on the balloon configurations desirable. Such a process
employing more than one molding step is described in
commonly assigned copending U.S. patent application
serial no. 10/271830 (US 2004/0073165).
[0063] Using the method of the present disclosure may
involve extruding the tubular parison into a substantially
polygonal geometric shape, using a mold during balloon
molding which has a substantially polygonal geometric
shape, or both. For example, FIG. 10 illustrates a geo-
metric balloon mold 15a, which may be employed for the
formation of structures similar to that described in FIGS.
5 and 6, with square extruded tubing 17. Extrusion of
such a polygonally shaped tubular parison may be ac-
complished by changing the shape of the extrusion die
being employed. Inner and outer diameters may be ex-
truded to have a different geometry. The balloon is con-
sidered to be in its "static state" when it comes out of the
mold.
[0064] FIG. 11 illustrates an alternative balloon mold
15b, cross-sectional view, which may be employed in the
formation of balloons similar to those shown in FIGS. 1-4.
[0065] Optionally, the balloon may be radially
stretched or oriented when it is in the balloon mold, al-
though this step may be conducted at other stages in the
process as well. Stretching will typically either be con-
ducted prior to balloon molding, i.e. when it is in a preform
state, or during balloon molding. Optionally, the balloon
may be post-mold heat set, although using the present
method does not require heat setting.
[0066] The balloon is typically taken out of the mold in
its static state. The balloon is then pressurized and the
tubing ends are sealed. If atherotomes or blades are add-
ed, it may be accomplished at this point. The blades can
be secured to the balloon using any method known in
the art such as through bonding techniques. The balloon
may then be disposed about the catheter shaft.
[0067] In any of the embodiments above, the balloon
may be deflated from its static state, and the wings folded
or wrapped around the catheter shaft. Typically, the bal-
loon is partially reinflated prior to folding or wrapping.
[0068] In each of the embodiments described above,
the vertices of the substantially polygonal geometric
shape of the balloon may provide a guide along which
the balloon may fold.
[0069] In a typical folding procedure, the balloon may
be placed in a folding apparatus, negative pressure ap-
plied, and the balloon manipulated with impinging mem-
bers or blades from the folding apparatus into its folded
state.
[0070] After folding and wrapping of the balloon, a bal-
loon protector may be added and the resultant assembly
may then be sterilized.

[0071] Using the present method, after folding, no heat
set of the balloon is required, although that is not to say
that, a heat set cannot be used.
[0072] The balloon may be delivered through the vas-
culature of a patient to the site of use and expanded using
inflation fluid. When inflation fluid is applied to the folded
balloon, it causes the flaps to unwrap so that the balloon
can inflate to its full inflated state. After use, the balloon
is then evacuated, deflated, and removed from the vas-
culature. As stated above, the vertices of the substantially
polygonal geometric shape of the balloon provide a guide
along which the balloon refolds upon itself.

Claims

1. An expandable balloon for a medical device having
a static state, a first expanded intermediate state and
a second fully expanded state, and said balloon hav-
ing a longitudinal axis, said balloon having a sub-
stantially polygonal geometric shape in a cross-sec-
tional view perpendicular to said longitudinal axis in
said static state, wherein said balloon has a substan-
tially polygonal geometric shape in said first interme-
diate expanded state and in said second expanded
state, characterized in that a first molded configu-
ration corresponds to said second expanded state,
a second molded configuration corresponds to said
first intermediate expanded state, and a third molded
configuration corresponds to said static state,
wherein said substantially polygonal geometric
shape in said static state is different than said sub-
stantially polygonal geometric shape in said one first
expanded state, and said substantially polygonal ge-
ometric shape of said balloon in the second molded
configuration, the third molded configuration or both,
being different than the substantially polygonal ge-
ometric shape of said balloon in said first molded
configuration.

2. The expandable balloon of claim 1 comprising a plu-
rality of wings in said static state.

3. The expandable balloon of claim 1, said expandable
balloon having a star-like structure in said static
state, said star-like structure having four or more
wings.

4. The expandable balloon of claim 3 wherein each
wing has a substantially polygonal geometric shape,
each wing having three or more sides.

5. The expandable balloon of claim 2 wherein each of
said wings are equally spaced about a reference cir-
cle.

6. The expandable balloon of claim 1 further comprising
atherotomes.
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Patentansprüche

1. Ausdehnbarer Ballon für eine medizinische Vorrich-
tung, der einen statischen Zustand, einen ersten
ausgedehnten Zwischenzustand und einen zweiten
vollständig ausgedehnten Zustand aufweist, und
wobei der Ballon eine Längsachse aufweist, wobei
der Ballon in einer Querschnittansicht senkrecht zur
Längsachse im statischen Zustand eine im Wesent-
lichen polygonale geometrische Form aufweist, wo-
bei der Ballon im ersten ausgedehnten Zwischenzu-
stand und im zweiten ausgedehnten Zustand eine
im Wesentlichen polygonale geometrische Form
aufweist, dadurch gekennzeichnet, dass eine ers-
te geformte Konfiguration dem zweiten ausgedehn-
ten Zustand entspricht, eine zweite geformte Konfi-
guration dem ersten ausgedehnten Zwischenzu-
stand entspricht und eine dritte geformte Konfigura-
tion dem statischen Zustand entspricht, wobei sich
die im Wesentlichen polygonale geometrische Form
im statischen Zustand von der im Wesentlichen po-
lygonale geometrischen Form in dem einen ersten
ausgedehnten Zustand unterscheidet, und wobei
sich die im Wesentlichen polygonale geometrische
Form des Ballons in der zweiten geformten Konfigu-
ration, der dritten geformten Konfiguration oder in
beiden von der im Wesentlichen polygonalen geo-
metrischen Form des Ballons in der ersten geform-
ten Konfiguration unterscheidet.

2. Ausdehnbarer Ballon nach Anspruch 1, der im sta-
tischen Zustand mehrere Flügel aufweist.

3. Ausdehnbarer Ballon nach Anspruch 1, wobei der
ausdehnbare Ballon im statischen Zustand eine
sternförmige Struktur aufweist, wobei die sternför-
mige Struktur vier oder mehr Flügel aufweist.

4. Ausdehnbarer Ballon nach Anspruch 3, wobei jeder
Flügel eine im Wesentlichen polygonale geometri-
sche Form aufweist, wobei jeder Flügel drei oder
mehr Seiten aufweist.

5. Ausdehnbarer Ballon nach Anspruch 2, wobei jeder
der Flügel gleichmäßig um einen Bezugskreis beab-
standet ist.

6. Ausdehnbarer Ballon nach Anspruch 1, der ferner
Atherotome aufweist.

Revendications

1. Ballonnet expansible pour un dispositif médical, pré-
sentant un état statique, un premier état d’expansion
intermédiaire et un deuxième état d’expansion com-
plète, ledit ballonnet ayant un axe longitudinal, ledit
ballonnet ayant une forme géométrique sensible-

ment polygonale en vue en section transversale per-
pendiculaire à l’axe longitudinal dans l’état statique,
ledit ballonnet ayant une forme géométrique sensi-
blement polygonale dans le premier état d’expan-
sion intermédiaire et dans le deuxième état d’expan-
sion, caractérisé en ce qu’une première configura-
tion de moulage correspond au deuxième état d’ex-
pansion, une deuxième configuration de moulage
correspond au premier état d’expansion intermédiai-
re, et une troisième configuration de moulage cor-
respond à l’état statique, la forme géométrique sen-
siblement polygonale dans l’état statique étant dif-
férente de la forme géométrique sensiblement poly-
gonale dans le premier état d’expansion, et la forme
géométrique sensiblement polygonale du ballonnet
dans la deuxième configuration de moulage, la troi-
sième configuration de moulage ou les deux, étant
différente de la forme géométrique sensiblement po-
lygonale du ballonnet dans la première configuration
de moulage.

2. Ballonnet expansible selon la revendication 1, com-
prenant une pluralité d’ailettes dans l’état statique.

3. Ballonnet expansible selon la revendication 1, ledit
ballonnet expansible étant pourvu d’une structure en
étoile dans l’état statique, ladite structure en étoile
comprenant quatre ailettes ou plus.

4. Ballonnet expansible selon la revendication 3, où
chaque ailette a une forme géométrique sensible-
ment polygonale, chaque ailette présentant trois cô-
tés ou plus.

5. Ballonnet expansible selon la revendication 2, où les
ailettes sont régulièrement espacées sur un cercle
de référence.

6. Ballonnet expansible selon la revendication 1, com-
prenant en outre des athérotomes.
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