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TITLE
Balloon Catheter and Method of Making Same

CROSS-REFERENCE TO RELATED APPLICATIONS
Not Applicable

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
Not Applicable

BACKGROUND OF THE INVENTION

Balloons mounted on the distal ends of catheters are widely used in
medical treatment. The balloon may be used to widen a vessel into which the catheter is
inserted, force open a blocked vessel and/or deliver a medical device to a body location
among other uses. The requirements for strength and size of the balloons vary widely
depending on the balloon's intended use and the vessel size into which the catheter is
inserted.

Applications such as balloon angioplasty require extremely thin walled
high strength relatively inelastic balloons of predictable inflation properties. Thin walls
are necessary because the balloon's wall and waist thicknesses limit the minimum
diameter of the distal end of the catheter and therefore determine the limits on vessel
size treatable by the method and the ease of passage of the catheter through the vascular
system.

It is highly desirable for the balloon to be expandable more than once to a
reproducible expanded position from an initial folded position. It is also desirable that
on deflation the deflated balloon return to its initial configuration. Finally, it is desirable
for the balloon and catheter to be easily maneuvered through the body lumen. These
properties are determined in large measure by the cone section of the balloon as well as
the flexibility of the catheter, and more particularly the catheter distal end region or tip.

There are a number of different approaches in the prior art to designing a
balloon catheter having differing physical and mechanical properties in different

sections of the catheter and/or balloon.
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One such approach involves forming a balloon by stretching and blowing
of the balloon from a segment of extruded polymer tubing. Balloons produced by
stretching and blowing a tubular preform or "parison" typically have much thicker waist
and cone walls than the wall thickness of their body portions. The thicker cone walls
contribute to the overall thickness of the catheter, making tracking, crossing and re-
crossing of lesions more difficult. Further, thick cones interfere with refolding of the
balloon on deflation so that the deflated balloon can only be further inserted or
withdrawn with difficulty, occasionally even damaging the blood vessel.

While there have been several solutions proposed for reducing the cone
or waist thickness of catheter balloons in US 4,906,241, US 4,963,313, US 5,304,340,
US 5,087,394, EP 318,919, EP 485,903, the procedures involved in these references are
quite cumbersome.

Another approach involves the removal of material from the balloon
cone, waist or other portion of the catheter balloon such as by chemically etching the
balloon, laser ablating the balloon, etc. Such methods are described in U.S. 5,733,301
and U.S. App. No. 09/781,388, filed February 13, 2001, to Tomaschko et al. While
methods of removing material are useful for a variety of reasons, they may not be
particularly useful for encouraging balloon rewrapping and refolding, as well as catheter
flexibility and trackability.

It is thus, a goal of the present invention to provide a balloon and/or a
catheter device, and methods for producing same, that provide for various patterns and
techniques for removing material from one or more regions of the catheter, including
but not limited to the balloon cone, or other portion of the balloon, the catheter tip,
and/or other regions of the catheter in order to encourage improved balloon refolding
and rewrapping.

All US patents and applications and all other published documents
mentioned anywhere in this application are incorporated herein by reference in their
entirety.

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.
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A brief abstract of the technical disclosure in the specification is
provided as well only for the purposes of complying with 37 C.F.R. 1.72. The abstract

is not intended to be used for interpreting the scope of the claims.

BRIEF SUMMARY OF THE INVENTION

The present invention is embodied in a variety of forms. In at least one
embodiment for example, the invention is directed to a balloon catheter having one or
more cones and/or other regions of the balloon and/or catheter that define a pattern of
one or more indentations such as groves, notches, slits, etc., which extend to one or
more predetermined depths into the thickness of the balloon wall. In at least one
embodiment the depth of any given portion of the indentation pattern is not more than
about half of the total thickness of the balloon wall.

In some embodiments, the pattern comprises one or more spiral, helical,
or other shapes which extend about at least a portion of the balloon and/or catheter.

In some embodiments, at least a portion of the cone region of the balloon
defines one or more indentations that extend into the wall of the balloon.

In some embodiments, at least a portion of the distal end region of the
catheter defines one or more indentations that extend into the wall of the catheter shaft.

In some embodiments, at least a portion of the balloon wall is provided
with one or more thinned out surfaces. In at least one embodiment, the external surface
of at least one balloon cone is provided with a pattern of substantially flat surfaces, each
surface intersects an adjacent surface along a hinge or fold line.

In some embodiments, at least a portion of the catheter shaft is provided
with one or more thinned out surfaces.

In some embodiments, a balloon is provided with one or more
indentations and/or substantially thinned out surfaces by laser ablating, chemically or
mechanically etching or otherwise selectively removing material from one or more
portions of the balloon.

In some embodiments, the distal end region of the catheter is provided
with one or more indentations and/or substantially thinned out surfaces by laser ablating,
chemically or mechanically etching or otherwise selectively removing material from one

or more portions of the catheter.
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In at least one embodiment a balloon catheter or portion thereof could be
molded or otherwise formed with one or more indentations or substantially flattened or
thinned surfaces therein.

These and other embodiments which characterize the invention are
pointed out with particularity in the claims annexed hereto and forming a part hereof.
However, for a better understanding of the invention, its advantages and objectives
obtained by its use, reference should be made to the drawings which form a further part
hereof and the accompanying descriptive matter, in which there is illustrated and

described embodiments of the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

A detailed description of the invention is hereafter described with
specific reference being made to the drawings.

FIG. 1 is a perspective view of an embodiment of the invention wherein a
balloon is show prior to selective removal of material from the cone portions.

FIG. 2 is a partial cross-sectional side view of the embodiment shown in
FIG. 1 wherein portions of material to be removed from the balloon cone are illustrated.

FIG. 3 is a perspective view of the embodiment shown in FIG. 1 after
material has been removed from the balloon cones.

FIG. 4 is a cross-sectional view of an embodiment of the invention.

FIG. 5 is a cross-sectional side view of the embodiment shown in FIG. 4.

FIG. 6 is a perspective view of the embodiment shown in FIGs. 4 and 5.

FIG. 7 is a cross-sectional view of an embodiment of the invention.

FIG. 8 is a cross-sectional side view of the embodiment shown in FIG. 7.

FIG. 9 is a perspective view of the embodiment shown in FIGs. 7 and 8.

FIG. 10 is a close-up view of a portion of a balloon cone as processed in
accordance with an embodiment of the invention.

FIG. 11 is a cross-sectional side view of an embodiment of the invention
shown in the expanded state.

FIG. 12 is a cross-sectional view of the embodiment shown in FIG. 11.

FIG. 13 is an cross-sectional view of the embodiment of the invention

shown in FIGs. 12 and 13 wherein the balloon is shown in the unexpanded state.
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FIG. 14 is a perspective view of an embodiment of the invention shown
in the expanded state.

FIG. 15 is a cross-sectional view of the embodiment shown in FIG. 14.

FIG. 16 is a cross-sectional view of the embodiment shown in FIGs. 14
and 15 wherein the balloon is shown in the unexpanded state.

FIG. 17 is a cross-sectional side view of a vessel wherein an embodiment

of the invention comprising a catheter equipped with a balloon is shown.

DETAILED DESCRIPTION OF THE INVENTION

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

For the purposes of this disclosure, like reference numerals in the figures
shall refer to like features unless otherwise indicated.

As indicated above, the present invention comprises a variety of
embodiments. For example, in the embodiment shown in FIG. 1, the invention is
directed to a medical balloon, indicated generally at 10, having improved rewrapping '
and refolding characteristics. To provide the balloon 10 with such improved
characteristics, one or more portions, such as are indicated by reference numeral 20, of
the wall 12, of one or both cones regions 22, are removed, to a predetermined depth, by
laser or heat ablation, chemical or physical etching or drilling, or by any other method
desired. ’

As is best shown in FIG. 2, the wall 12 has a predetermined thickness 14
which may be constant or varied along the length of the balloon 10. To maintain the
integrity and functionality of the balloon 10 the portions 20 of the balloon material 16
which are to be removed from the wall 12 have a depth or height 18 which extends only
partially through the thickness 14 of the wall 12.

For example, in some embodiments the thickness 14 of the wall 12 is
between about 0.00025 inches to about 0.005 inches. In such an example, the desired
depth 18 of the portion to be removed 20 may be about 0.00015 inches to about 0.004

inches.
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As is shown in FIG. 3, once the material is removed from the wall 12 by
any method desired, the wall 12 will define one or more grooves, notches or
indentations 36 which extend into the thickness 14 of the wall 12 to the depth 18
previously determined.

It must be noted that as an alternative, it is possible to form the wall 12 of
the balloon 10 with the indentations 36 provided therein such as through the use of a
mold or other device. Such a forming process may negate the need to ablate, etch or
other wise remove material 16 as described.

In some embodiments such as are shown in FIG. 3, the wall 12 defines a
plurality of individual indentations 36 that are scattered about at least a portion of the
balloon 10, such as one or both of the cone regions 22, in a random or predetermined
pattern 30. The individual indentations 36 may have the same or different depths as
desired.

In some embodiments the portions of the catheter adjacent to the balloon,
may also or alternatively be provided with one or more indentations such as are
described herein.

In some embodiments, such as in the examples shown in FIGs. 4-9 a
catheter, indicated generally at 100, comprises a tubular member or shaft 13 that defines
one or more elongated indentations that form a continuous groove 36 through a portion
of the shaft 13. The pattern that the grove 36 follows about the shaft exterior 25 may be
any form. For example, in the embodiment shown in FIGs. 4-6 a single continuous
groove 36 defines a spiral pattern 30 about at least a portion of the exterior 25 of shaft
13 adjacent to the balloon cone 22 of the balloon 10. In the embodiment shown in FIGs.
7-9 the groove 36 defines a crossing helix pattern 30. Other patterns may also be
employed and are within the scope of this invention.

In the embodiments shown in FIGs. 4-9 the distal end region 15 of the
catheter 100 is provided with one or more indentations or grooves 36. However it must
be noted that any portion of the catheter 100 or balloon 10 may be provided with one or
more indentations or grooves 36.

The pattern of the groove 36 applied to the catheter shaft 13 may be
applied to any portion of the catheter 100 including but not limited to the balloon 10.
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As is shown in the various embodiments, the depth 18 of the
indentation(s) may be constant or varied as desired. For example in the embodiment
shown in FIG. 3, the indentations may have the same or different depths relative to one
another and/or relative to the thickness 14 of the balloon wall 12 or catheter shaft 13. In
the embodiments shown in FIGs. 4 and 7 the depth 18 of the groove 36 relative to the
thickness 14 of the shaft 13 along the length of the groove 36 may be constant or varied.

As best depicted in FIG. §, in the various embodiments shown, an
indentation 36 will often be defined as a substantially U-shaped structure, V-shaped
structure, or other shaped structure. A bottom surface 32 of the indentation is defined
by the outside surface 24 of the balloon 10 and/or shaft 13. Sides 34 of an indentation
36 are defined by the surrounding portion 26 of the wall 12 and/or shaft 13 . The
indentations 36 define a space of about 0.1 mm to about 0.75 mm between sides 34.

In embodiments where multiple indentations 36 are spaced apart, or
where portions of a single elongated indentation or groove 36 are spaced apart on the
surface of the cone 22, the indentations or fespective portions thereof are spaced 0.25
mm or more apart. In some embodiments, indentations, or portions thereof are spaced
0.5 mm or more apart.

In the various embodiments discussed thus far, one or more indentations
36 may be provided with a bottom surface 32 which is parallel to the interior surface 33
of the cone 22, such as is depicted in some of the groves shown in FIG. 10. However, if
desired the bottom 32 of one or more indentations 36 may be non-parallel to the interior
surface 33 of the cone 22 or angled in any manner desired. Similarly, the sides 34 of the
indentations may or may not be parallel. The indentation or a portion thereof may be
provided with any configuration desired including substantially converging sides,
substantially diverging sides, substantially parallel sides etc. Where the catheter shaft 13
is provided with indentation, the bottom surface one or more indentation may be parallel
or offset relative to the interior and/or exterior surface of the shaft.

Indenting or forming one or more indentations into the cones of a balloon
or catheter shaft is but one mechanism for providing a balloon catheter with improved
flexibility and for providing the balloon itself with improved folding and rewrap
characteristics. Alternatively, in some embodiments, an example of which is shown in

FIGs. 11-13, one or both of the cones 22 are provided with a plurality of distinct sides or
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substantially thinned out regions 23. Sides 23 may be formed by extruding the material
of the balloon 10 through a form, molding the balloon in a mold having such the desired
configuration of sides, cutting or etching a round member such as by mechanical
grinding, chemical etching, laser ablation or other techniques.

The thickness of the balloon wall 12 where sides 23 are provided may be
uniform or non-uniform as desired. In the embodiment shown in FIG. 12, for example,
the substantially circular cross-sectional shape of the interior surface 33 of the balloon
10, helps to ensure that a middle portion 37 of each side 23 shape of the balloon has a
reduced thickness relative to the adjacent portions of the side 23.

A balloon 10 may be provided with three or more sides 23. To this end,
a balloon 10 may be provided with any of a wide variety of cross-sectional shapes when
in the expanded state, such as for example: substantially triangular, substantially
pentagonal, substantially hexagonal, substantially octagonal or any other shape or
combination of shapes. For example, as is show in FIG. 12, a balloon 10 having eight
sides 23 may be provided with a substantially octagonal shape when the balloon is in the
expanded state.

Regardless of the number and shapes of sides 23 provided to a balloon
10, adjacent sides intersect at a first hinge point 35 about which adjacent sides 23 may
fold inward when the balloon is in the unexpanded state, such as is shown in FIG. 13. In
some embodiments, the sides 23 are equipped with a second hinge point 39 which
allows the sides 23 to fold inward upon themselves during the balloon folding or re-
wrapping stage. In the embodiment shown in FIGs. 12 and 13, the second hinge point
39 corresponds to the portion of the sides 23 wherein the thickness of the wall 12 is
narrowest, such as middle portion 37.

As hinge points 35 and 39, provide points about which adjacent areas of
the cone 22 are able to fold, so to do the indentations 36 such as are shown in the
embodiments depicted in FIGs. 1-10. The manner in which a balloon having
indentations 36 may fold is depicted in FIGs. 14-16.

In the embodiment show in FIGs. 14 and 15 a cone 22 of an expanded
balloon 10 is shown having a plurality of indentations 36 in the wall 12 of the balloon.
The indentations 36 are provided in a spiral like pattern. When the balloon 10 is placed

in the unexpanded state as is shown in FIG. 16, the indentations 36 provide the balloon



10

15

20

25

30

WO 2004/098696 PCT/US2004/004660

9

10 with a plurality of hinge points 35 about which adjacent portions of the balloon can
twist and fold inward toward the central axis 50 of the balloon 10.

As indicated above, other patterns of indentations may be provided to the
cones of a balloon in order to provide the balloon with a variety of potential fold
configurations.

As may be seen in FIG. 17, a balloon 10, such as those having the
features described above, may be incorporated into a catheter 100. The spaces 36
defined by the balloon wall 12 and/or the catheter shaft 13 provide the catheter 100 with
improved flexibility as portions 26 of the balloon wall 12 and shaft 13 are able to utilize
the spaces 36 to bend and flex around the various bends and curves of the vessel 102
where the balloon 10 may be positioned.

The above disclosure is intended to be illustrative and not exhaustive.
This description will suggest many variations and alternatives to one of ordinary skill in
this art. All these alternatives and variations are intended to be included within the |
scope of the claims where the term "comprising" means "including, but not limited to".
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 claims.

Further, the particular features presented in the dependent claims can be
combined with each other in other manners within the scope of the invention such that
the invention should be recognized as also specifically directed to other embodiments
having any other possible combination of the features of the dependent claims. For
instance, for purposes of claim publication, any dependent claim which follows should
be taken as alternatively written in a multiple dependent form from all prior claims
which possess all antecedents referenced in such dependent claim if such multiple
dependent format is an accepted format within the jurisdiction (e.g. each claim
depending directly from claim 1 should be alternatively taken as depending from all
previous claims). In jurisdictions where multiple dependent claim formats are restricted,
the following dependent claims should each be also taken as alternatively written in
each singly dependent claim format which creates a dependency from a prior
antecedent-possessing claim other than the specific claim listed in such dependent claim

below.
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This completes the description of the preferred and alternate
embodiments of the invention. Those skilled in the art may recognize other equivalents
to the specific embodiment described herein which equivalents are intended to be

encompassed by the claims attached hereto.
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CLAIMS:

1. A medical balloon expandable between an expanded state and an unexpanded
state, the balloon being defined by a wall, the wall having a thickness, an exterior
surface and an interior surface, the balloon comprising a proximal cone portion, a distal
cone portion, and a body portion therebetween, wherein the wall of at least one of the
distal cone portion and proximal cone portion defines at least one hinge point about
which portions of the wall adjacent thereto fold inward when the balloon is in the
unexpanded state.

2. The medical balloon of claim 1 wherein the at least one hinge point is defined by
at least one indentation, the at least one indentation having at least one side surface
defined by the portions of the wall adjacent thereto and a bottom surface defined by the
exterior surface of the balloon.

3. The medical balloon of claim 2 wherein the at least one indentation has a depth
less than the thickness of the wall.

4. The medical balloon of claim 2 wherein the at least one indentation has a depth
less than half the thickness of the wall.

5. The medical balloon of claim 2 wherein the depth of the at least one indentation
is about 0.00015 inches to about 0.004 inches.

6. The medical balloon of claim 1 wherein the thickness of the wall is about
0.00025 inches to about 0.005 inches.

7. The medical balloon of claim 2 wherein the at least one indentation is at least
one circumferential groove extending about the wall in a substantially spiral-like pattern
having a plurality of loops.

8. The medical balloon of claim 7 wherein each loop is separated by a distance of
at least about 0.25 mm.

9. The medical balloon of claim 7 wherein each loop is separated by a distance of
at least about 0.5 mm.

10.  The medical balloon of claim 7 wherein the at least one circumferential grove
defines at least two grooves, the at least two groves each defining opposing helical
patterns.

11.  The medical balloon of claim 2 wherein the at least one indentation defines a

plurality of indentations.
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12.  The medical balloon of claim 11 wherein adjacent indentations are separated by
a distance of at least about 0.25 mm.

13.  The medical balloon of claim 11 wherein adjacent indentations are separated by
a distance of at least about 0.5 mm.

14.  The medical balloon of claim 2 wherein the at least one indentation is formed by
at least one technique selected from the group consisting of: laser ablation, mechanical
grinding, drilling, chemical etching and any combination thereof.

15.  The medical balloon of claim 1 wherein the wall of at least one of the distal cone
portion and proximal cone portion defines a plurality of hinge points, the exterior
surface of each portion of the wall adjacent thereto respectively define a substantially
thinned out area, each of the substantially thinned out areas having at least one folding
point, wherein in the unexpanded state portions of each substantially thinned out areas
adjacent to the folding point fold inward when the balloon is in the unexpanded state.
16.  The medical balloon of claim 15 wherein the exterior surface of the at least one
distal cone portion and proximal cone portion has at least three substantially thinned out
areas.

17.  The medical balloon of claim 15 wherein the substantially thinned out areas of
the exterior surface of the wall provide the at least one of the distal cone portion and
proximal cone portion with a cross-sectional profile selected from at least one member
of the group consisting of substantially triangular, substantially pentagonal, substantially
hexagonal, substantially octagonal and any combination thereof.

18.  The medical balloon of claim 15 wherein the substantially thinned out areas are
formed by at least one technique selected from the group consisting of: laser ablation,
mechanical grinding, drilling, chemical etching and any combination thereof.

19. A method of manufacturing a medical balloon having an expanded state and an
unexpanded state, the balloon being defined by a wall, the wall having a thickness, an
exterior surface and an interior surface, the balloon having a proximal cone portion, a
distal cone portion, and a body portion therebetween, the method comprising the step of
providing the wall of at least one of the distal cone portion and proximal cone portion
with at least one hinge point about which portions of the wall adjacent thereto are able

to fold inward when the balloon is in the unexpanded state.
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20.  The method of claim 19 wherein the at least one hinge point is provided by
selectively removing at least a portion of the at least one distal cone portion and
proximal cone portion.

21. A catheter comprising:

a catheter shaft, a medical being disposed about a portion of the catheter
shaft, the medical balloon expandable between an expanded state and an unexpanded
state, the medical balloon being defined by a wall, the wall having a thickness, an
exterior surface and an interior surface, the medical balloon comprising a proximal cone
portion, a distal cone portion, and a body portion therebetween, wherein the wall of at
least one of the distal cone portion and proximal cone portion defines at least one hinge
point about which portions of the wall adjacent thereto fold inward when the balloon is
in the unexpanded state.

22. A balloon catheter comprising:

a catheter shaft;

a medical balloon expandable between an expanded state and an
unexpanded state, the medical balloon being engaged to the catheter shaft, at least one
of the medical balloon and the catheter shaft defining at least one indentation, the at
least one indentation having:

at least one side surface defined by a portion of at least one of the
medical balloon and catheter shaft, and

a bottom surface defined by an exterior surface of at least one of
the medical balloon and the catheter shaft.
23.  The balloon catheter of claim 22 wherein the at least one indentation is a
plurality of indentations.
24.  The balloon catheter of claim 22 wherein the at least one indentation is a groove.
25. The balloon catheter of claim 22 wherein the at least one indentation is defined

by a distal end region of the catheter shaft.
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