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CATHETER BALLOON HAVING SELECTED FOLDING
CHARACTERISTICS
Technical Field

This invention relates to the field of medical devices, and more particularly, to the
field of catheters such as balloon catheters having inflatable and collapsible balloons
which are inserted into lumens of the human body, such as the arterial system to perform
a variety of medical procedures. Specifically, the invention is directed to an improved
balloon catheter incorporating a balloon shape which, during inflation, collapses to a low
profile for improved catheter movement in the arterial system after a first inflation.

Background of the Invention

The use of balloon catheters for treatment in the vascular system or other lumens
of the body is well known in the field of medicine. Percutaneous transluminal
angioplasty (PTA) is a procedure used for the treatment of the vascular system which
opens blockages in the artery. One approach which has been used in the prior art for the
treatment of blockages in arteries is a dilatation balloon catheter. The dilatation balloon
catheter has an inflatable balloon member proximate a distal end which is positioned
across a stenosis or blockage. The catheter is inserted into the vascular system and
guided to position the balloon, whereupon a fluid is injected through an inflation lumen
contained within the catheter to inflate the balloon. The inflation of the balloon causes
an outward expansion which opens the stenosis.

It is desirable that the dilatation balloon have a low profile while deflated to
increase the ease with which the dilatation balloon can be passed through arteries having
small lumens and across a stenosis. The low profile is also desirable to minimize the
force required to remove the balloon catheter. Thus, low range sheath withdrawal forces
for balloon catheters has always been a desirable design goal. One approach which has
been used is to fold the balloon flat prior to a treatment such as PTA. This results in two
wings being formed, which may be brought together in order to reduce the overall
diameter of the preinflated balloon. A sleeve may be installed around the balloon in
order to hold the wings together when the balloon is in the preinflated configuration. The
balloon is inflated during treatment. Once the treatment is complete, the balloon must
be deflated. Often times the deflated balloon does not return to a diameter small enough

to fit within a guide catheter. Often times the result of deflating the balloon by pulling
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a vacuum is that the balloon can flatten in a phenomena known as "winging", in which
the flat lateral portions of the deflated balloon extend outward beyond the diameter of the
balloon when in its inflated and preinflated condition. The presence of the wings and
edges can interfere with the ease of withdrawal, both through a guide catheter and
through a body vessel such as an artery. Thus, a low profile upon deflation is desirable
to increase the ease of retraction by decreasing contact with the vessel walls.

Several attempts have been made in the prior art to provide a dilatation balloon
having a reduced profile when in a deflated state. Campbell et al. (U.S. Patent No.
5,458,572) disclose a balloon having an array of longitudinally and circumferentially
arranged ribs. The nibs are either more stiff or less stiff than a wall of the balloon. Upon
evacuation of an inflation fluid from the balloon, either portions of the wall between the
ribs will collapse between the ribs, or the ribs will collapse within the wall.

Campbell et al. (U.S. Patent No. 5,456,666) disclose a balloon formed of a
continuous balloon material which has a generally cylindrical shape and four ribs formed
within a body. The ribs are longitudinally and equidistantly spaced about an axis which
extends from the proximal end to the distal end of the balloon. The ribs are formed of
stressed balloon material. Webs of less stressed balloon material are disposed between
the ribs, whereupon the ribs and the webs form the balloon which is expandable from a
folded condition to an expanded condition having a diameter substantially greater than
the folded condition. After completion of a treatment, the balloon is reverted back to a
folded condition where the webs between the ribs collapse inwardly towards the axis. .

Montano (U.S. Patent No. 4,941,877) discloses a balloon which defines transition
zones at respective ends of the balloon which have flutes which are generally
longitudinally directed at an angle to a balloon axis. The balloon can assume a collapsed
position in which the collapsed transition zones collapse in a preferred cross section,
rather than a flat collapsed configuration.

These prior art approaches attempt to improve the folding characteristics of the
balloon by utilizing either longitudinally directed ribs within the mid region of the
balloon, or by utilizing generally longitudinal fluted regions defined in the transition
zones. The ribs or fluted regions attempt to induce the collapse of the balloon to a
predetermined configuration by creating longitudinally oriented stressed regions in the

balloon material.
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Summary of the Invention

The present invention overcomes the disadvantages of the prior art by providing
a balloon catheter and method of manufacture which incorporates an inflatable balloon
having a number of perpendicular ribs which have a high resistance to collapse during
deflation. A number of longitudinal ribs are provided which are equidistantly spaced
about a longitudinal axis and which extend between a proximal and distal end of the
balloon. A number of triangular indentations are provided, wherein each triangular
indentation is equidistantly positioned between adjacent longitudinal ribs and each
triangular indentation extends along a portion of the balloon between the proximal and
distal ends. Each triangular indentation may extend through a perpendicular rib to reduce
the resistance of the perpendicular rib to collapse during deflation. The number of
triangular indentations enhance the collapse of the balloon from an expanded
configuration to a folded configuration because the triangular indentations along the rib
weaken or lessen the resistance to folding along that rib. In this way, the resistance of
the number of ribs to collapse has been overcome. In the folded configuration, the
balloon has a low profile to minimize the balloon withdrawal force.

In a preferred embodiment, a balloon is provided which is formed of a flexible
material which defines an inflation chamber which is adapted for inflation from a folded
configuration to an expanded configuration, and deflation back to a preferred folded
configuration. The balloon has a generally cylindrical shape about a longitudinal axis
which extends between a proximal and distal end. In a preferred embodiment, the
flexible material may be polyethylene terephthalate or any other suitable material. A
number of longitudinal ribs are provided which are formed in the flexible material of the
inflation chamber and which extend longitudinally between the proximal and distal end.
The number of longitudinal ribs are equidistantly spaced about the longitudinal axis.

A number of perpendicular ribs can also be provided which are formed in the
flexible material of the inflation chamber which intersect the number of longitudinal ribs.
The number of perpendicular ribs are perpendicular to the longitudinal axis. The number
of perpendicular ribs have a high resistance to collapse during deflation of the balloon..

In a preferred embodiment, a number of triangular indentations are provided
which are formed in the flexible material of the inflation chamber, where each triangular

indentation is equidistantly positioned between two adjacent ones of the number of
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longitudinal ribs. Each triangular indentation extends longitudinally a portion of the
length between the proximal and distal end of the balloon. The number of triangular
indentations enhance the collapse of the inflation chamber from the expanded
configuration to the folded configuration once the resistance of the number of
perpendicular ribs to collapse has been overcome. In a preferred embodiment, the total
number of longitudinal ribs is four and the number of triangular indentations is four at
each end of the balloon for a total of eight. In a preferred embodiment, the balloon
comprises a reduced diameter or proximal transition region adjacent the proximal end,
a reduced diameter distal transition region adjacent the distal end, and a body portion
positioned between the proximal transition region and the distal transition region. In a
preferred embodiment, the number of perpendicular ribs comprises a first plurality of the
number of perpendicular ribs positioned in a first plane perpendicular to the longitudinal
axis, where the first portion of the number of perpendicular ribs joins the proximal
transition region to the proximal end body. The number of perpendicular ribs also
comprises a second plurality of the number of perpendicular ribs positioned in a second
plane perpendicular to the longitudinal axis, where the second portion of the number of
perpendicular ribs joins the distal transition region to the distal end body. In a preferred
embodiment, the first plurality of the number of perpendicular ribs is four and the second
plurality of the number of perpendicular ribs is four. Each of the number of triangular
indentations is an inwardly directed fold where the fold is directed towards the
longitudinal axis and has a crease which is generally parallel to the longitudinal axis in
a radial direction to the longitudinal axis.

In a preferred embodiment, a first portion of the number of triangular indentations
is positioned near the proximal end of the balloon, where the crease of each one of the
first portion of the number of triangular indentations extends through a particular one of
the first plurality of the number of perpendicular ribs. A second portion of the number
of triangular indentations is positioned near the distal end of the balloon, where the crease
of each one of the second portion of the number of triangular indentations extends
through a particular one of the second plurality of the number of perpendicular ribs. The
crease of each one of the first portion of the number of triangular indentations extending
through the particular one of the first plurality of the number of perpendicular ribs in

addition to the crease of each one of the second portion of the number of triangular
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indentations extending through the particular one of the second plurality of the number
of perpendicular ribs reduces the resistance of the number of perpendicular ribs to
collapse during deflation and enhances the collapse of the inflation chamber from the
expanded configuration to the folded configuration once the resistance of the number of
perpendicular ribs to collapse has been overcome.

It is understood that within the scope of this invention are several embodiments
which have triangular indentations located at any number of locations on the balloon. In
an alternative embodiment of the present invention, a first portion of the number of
triangular indentations is positioned within the proximal transition region where the
crease of each one of the first portion of the number of triangular indentations extends
from the proximal end of the balloon to a corresponding particular one of the first portion
of the number of perpendicular ribs. The crease of each one of the first portion of the
number of triangular indentations, however, does not extend through the corresponding
particular one of the first plurality of the number of perpendicular ribs. A second portion
of the number of triangular indentations is positioned within the distal transition region
where the crease of each one of the second portion of the number of triangular
indentations extends from the distal end of the balloon to a corresponding particular one
of the second plurality of the number of perpendicular ribs. The crease of each one of the
second portion of the number of triangular indentations, however, does not extend
through the corresponding particular one of the second plurality of the number of
perpendicular ribs. In this alternative embodiment, the crease of each one of the first
portion of the number of triangular indentations, and the crease of each one of the second
portion of the number of triangular indentations, enhance the collapse of the inflation
chamber from the expanded configuration to the folded configuration once the resistance
of the number of perpendicular ribs to collapse has been overcome.

In a second alternative embodiment, each one of the number of triangular
indentations is positioned within the body portion of the balloon and the crease of each
one of the number of triangular indentations extends from a proximal end to a distal end
of the body. The crease of each one of the number of triangular indentations, however,
does not intersect the corresponding particular one of the first plurality of the number of
perpendicular ribs or the corresponding particular one of the second plurality of the

number of perpendicular ribs. The crease of each one of the number of triangular
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indentations enhances the collapse of the inflation chamber from the expanded
configuration to the folded configuration once the resistance of the number of
perpendicular ribs to collapse has been overcome.

In a third alternative embodiment of the present invention, the crease of each one
of the number of triangular indentations extends from a proximal end of the body to a
distal end of the body. The crease of each one of the number of triangular indentations
intersects and extends through a corresponding particular one of the first plurality of the
number of perpendicular ribs and a corresponding particular one of the second plurality
of the number of perpendicular ribs to reduce the resistance of the number of
perpendicular ribs to collapse during deflation. The crease of each one of the number of
triangular indentations enhances the collapse of the inflation chamber from the expanded
configuration to the folded configuration once the resistance of the number of
perpendicular ribs to collapse has been overcome.

In a fourth alternative embodiment, the crease of each one of the number of
triangular indentations extends from the proximal end of the balloon to the distal end of
the balloon. The crease of each one of the number of triangular indentations intersects
the corresponding particular one of the first plurality of the number of perpendicular ribs
and the corresponding particular one of the second plurality of the number of

perpendicular ribs to reduce the resistance of the number of perpendicular ribs to collapse

during deflation. The crease of each one of the number of triangular indentations

enhances the collapse of the inflation chamber from the expanded configuration to the
folded configuration once the resistance of the number of perpendicular ribs to collapse
has been overcome.
Brief Description of the Drawings

Other objects of the present invention and many of the attendant advantages of
the present invention will be readily appreciated as the same becomes better understood
by reference to the following detailed description when considered in connection with the
accompanying drawings, in which like reference numerals designate like parts throughout
the figures thereof and wherein:

Fig. 1 is a perspective view of a balloon adapted to fold to a predetermined
configuration in a preferred embodiment of the present invention;

Fig. 2 is a partial perspective view of an end of the balloon of Fig. 1 illustrating
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the collapse of the inflation chamber during deflation;

Fig. 3 is an end view of an inflated balloon showing the generally cylindrical
shape of the balloon;

Fig. 4 is an end view of a deflated balloon showing a quad-folded configuration;

Fig. 5 is a cross-section view of the balloon of Fig. 2 taken along line 5-5 of Fig.

2;

Fig. 6 is a cross-section view of the balloon of Fig. 2 taken along line 6-6 of Fig.
2

Fig. 7 is a plan view of one half of a mold for forming the balloon of a preferred
embodiment;

Fig. 8 1s a cross-sectional view of the mold of Fig. 7 taken along line 8-8 of Fig.
7

Fig. 9 is a cross-section view of the mold of Fig. 7 taken along line 9-9 of Fig. 7,

Fig. 10 is a perspective view of an end of a balloon showing an alternative
embodiment of the present invention;

Fig. 11 is a plan view of one half of a mold for forming the balloon of an
alternative embodiment;

Fig. 12 is a cross-section view of the mold of Fig. 11 taken along line 12-12 of
Fig. 11;

Fig. 13 is a cross-section view of the mold of Fig. 11 taken along line 13-13 of
Fig. 11;

Fig. 14 is a perspective view of a third alternative embodiment of the present
invention;

Fig. 15 is a perspective view of a fourth alternative embodiment of the present
invention; and

Fig. 16 is a perspective view of a fifth alternative embodiment of the present
invention.

Detailed Description of the Preferred Embodiments

Referring now to the drawings, wherein like reference numerals refer to like
elements throughout the several views, Fig. 1 is a perspective view of a balloon adapted
to fold to a predetermined configuration in a preferred embodiment of the present

invention. Fig. 1 illustrates generally a balloon 10 for a balloon catheter having a
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proximal end 12 and a distal end 14. Distal tip 16 is affixed at distal end 14. Shaft 18
couples to proximal end 12 of balloon 10. Shaft 18 also couples to a hub assembly (not
shown). In the preferred embodiment, shaft 18 includes an inner shaft (not shown)
disposed within outer shaft 18. The inner shaft extends through the length of the balloon
from proximal end 12 through distal tip 16 to provide a guide wire lumen for guiding the
balloon catheter over a guide wire (not shown). The annular space formed between the
inner shaft and the outer shaft 18 forms an inflation lumen in fluid communication with
balloon 10 to inflate and deflate balloon 10.

Balloon 10 is formed of a flexible material 24 which may be polyethylene
terephthalate. The flexible material may also be a polyester ether block copolymer such
as ARNITEL, available from DSM NV, Inc., or in the alternative, SELAR, available
from DuPont. The balloon can be any polymeric material, such as polyamide, polyimide,
polyethylene, liquid crystal polymer, polybutylone, terephthalate, or polyethylene
naphthalate. Coextrusions of these materials are also possible. Flexible material 24
defines an inflation chamber 26 (see, Fig. 3). Balloon 10 is adapted for inflation from a
deflated state 28 to an inflated state 30 (see, Figs. 4 and 3, respectively). The expanded
configuration shown in Fig. 3 has a generally cylindrical shape indicating a fully inflated
balloon, while the balloon of Figure 1 is shown partially inflated to detail its molded
shape.

A longitudinal axis 34 extends between proximal end 12 and distal end 14.
Longitudinal ribs 36 are formed in flexible material 24 of balloon 10 and extend
longitudinally from proximal end 12 and distal end 14. The term ribs is used herein to
define an angle transition or change on the longitudinal surface of the balloon. In Figure
1, this angle change is 90°. Longitudinal ribs 36 are equidistantly spaced about
longitudinal axis 34. Proximal perpendicular ribs 38 and distal perpendicular ribs 40
intersect with longitudinal ribs 36. Perpendicular ribs 38 and perpendicular ribs 40 are
perpendicular to longitudinal axis 34. Perpendicular ribs 38 and perpendicular ribs 40
have a higher resistance to collapse during deflation of balloon 10.

Proximal triangular indentations 42 and distal triangular indentations 44 are
formed in flexible material 24 of balloon 10. Each proximal triangular indentation 42 is
equidistantly positioned between two adjacent ones of proximal longitudinal ribs 36 and

extends longitudinally at least a portion of the length between proximal end 12 and distal
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end 14. Each distal triangular indentation 44 is equidistantly positioned between two
adjacent ones of distal longitudinal ribs 36 and extends longitudinally at least a portion
of the length between proximal end 12 and distal end 14. Triangular indentations 42 and
triangular indentations 44 enhance the collapse of inflation chamber 26 from inflated
state 30 to deflated state 28 once the resistance of perpendicular ribs 38 and perpendicular
ribs 40 to collapse has been overcome as balloon 10 is deflated. It is believed the
triangular indentations are stress concentrations that interrupt the natural resistance
associated with the perpendicular ribs. They create a weak spot or stress concentration
that serves as a hinge for the perpendicular rib to collapse.

Balloon 10, as shown in Fig. 1, has four longitudinal ribs 36, four proximal
perpendicular ribs 38 and four distal perpendicular ribs 40. Balloon 10 further comprises
areduced diameter proximal transition region 46 adjacent proximal end 12, a reduced
diameter distal transition region 48 adjacent distal end 14, and a body 50 positioned
between proximal transition region 46 and distal transition region 48. Perpendicular ribs
38 are positioned in a first plane 52 which is perpendicular to longitudinal axis 34,
wherein perpendicular ribs 38 join proximal transition region 46 to body 50.
Perpendicular ribs 40 are positioned in a second plane 54 which is perpendicular to
longitudinal axis 34, wherein perpendicular ribs 40 join distal transition region 48 to
body 50. Perpendicular ribs 38 comprise four perpendicular ribs which intersect
longitudinal ribs 36. Perpendicular ribs 40 comprise four perpendicular ribs which
intersect longitudinal ribs 36. Triangular indentations 42 and triangular indentations 44
are each inwardly directed folds, wherein each fold is directed towards longitudinal axis
34. Each triangular indentation 42 has a crease 56 and each triangular indentation 44 has
a crease 58. Crease 56 and crease 58 extend longitudinally at an angle radially toward
longitudinal axis 34.

Fig. 2 is a partial perspective view of an end of the balloon of Fig. 1. Fig. 2
shows generally the proximal transition region 46 and a portion of body 50 of Fig. 1 to
illustrate the quad-folding nature of balloon 10 as balloon 10 is deflated from an inflated
state 30 to a deflated state 28. Balloon 10 can exist in a variety of different stages of
inflation. The fully pressurized state of inflation is shown in Fig. 3. Fig. 1 shows balloon
10 in a relaxed or non-pressurized state 60. Fig. 2 shows balloon 10 in a partially

depressurized or partially deflated state 62. Fig. 4 shows balloon 10 in a deflated state
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28 in which balloon 10 is in a quad-folded configuration. Fig. 2 shows triangular
indentations 42 positioned near proximal end 12 of balloon 10, wherein creases 56 of
triangular indentations 42 extend through perpendicular ribs 38. When balloon 10 begins
to be deflated under vacuum and goes from a non-pressurized state 60 to a partially
depresessurized state 62, creases 56 extending through perpendicular ribs 38 are further
extended outside of triangular indentations 42 both into body 50 as creases 64 and into
proximal transition region 46 as creases 66. As balloon 10 is deflated from non-
pressurized state 60 to partially depressurized state 62, triangular indentations 42
extending through perpendicular ribs 38 reduce the resistance of perpendicular ribs 38
to collapse during deflation in order that creases 56 may extend into body 50 (see, creases
64) and into proximal transition region 46 (see, creases 66). This enhances the collapse
of inflation chamber 26 of balloon 10 from the expanded configuration shown as inflated
state 30 to the folded configuration shown as deflated state 28 once the resistance of
perpendicular ribs 38 to collapse has been overcome by deflation.

Fig. 3 is an end view of an inflated balloon showing the generally cylindrical
shape of the balloon. Fig. 3 shows balloon 10 in the expanded configuration or inflated
state 30 in which balloon 10 has a generally cylindrical shape. To achieve the inflated
state, an inflation fluid applied under pressure causes balloon 10 to expand to a level of
pressurization where longitudinal ribs 36 become less pronounced. Fig. 3 illustrates inner
shaft 20 and guide wire lumen 21. In operation, balloon 10 in a deflated state 28 may be
inserted across a tight stenosis wherein subsequent pressurization increases the diameter
of balloon 10 as shown by inflated state 30. Once the inflation fluid is withdrawn under
vacuum, balloon 10 deflates to the quad-folded configuration or deflated state 28 shown
in Fig. 4.

Fig. 4 illustrates that once inflation fluid has been withdrawn under vacuum,
balloon 10 refolds into a quadra-folded configuration to minimize patient trauma during
withdrawal. The patient trauma is minimized by minimizing the profile of balloon 10.

Figs. 5 and 6 illustrate how triangular indentations 42 in combination with longitudinal
ribs 36 and perpendicular ribs 38 achieve this quadra-fold configuration which minimizes
the profile of balloon 10.

Fig. 5 is a cross-sectional view of the balloon of Fig. 2 taken along line 5-5 of

Fig. 2. The plane of 5-5 of Fig. 2 is also first plane 52. Fig. 5 shows creases 56 of
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triangular indentations 42 extending through perpendicular ribs 38 to reduce the
resistance of perpendicular ribs to collapse during deflation resulting in creases 56
extending into body 50 (see, creases 64) and into proximal transition region 46 (see,
creases 66). Perpendicular ribs 38 provide rigidity to allow the transfer of creases 56 into
body 50 and proximal transition region 46 so that once the perpendicular resistance to
collapse has been broken or reduced, creases 56 extending into body 50 and proximal
transition region 46 will enhance and further induce the quad-folding nature of balloon
10.

Fig. 6 is a cross-sectional view of the balloon of Fig. 2 taken along line 6-6 of
Fig. 2. Fig. 6 shows balloon 10 in a partially depressurized state 62, wherein creases 64
have transferred from triangular indentations 42 into body 50. Creases 64 have enhanced
and induced the quad-folding nature of balloon 10 by drawing in towards longitudinal
axis 34 as balloon 10 is deflated to deflated state 28.

Fig. 7 1s a plan view of one-half of a mold for forming the balloon of a preferred
embodiment. Mold casing 70 shown in Fig. 7 has a cavity 72 for receiving the balloon
material. Cavity 72 has corners 78 corresponding to longitudinal ribs 36. It is
understood that the half of the mold casing not shown is symmetrical in construction to
mold casing 70 and thus not described. Cavity 72 also has end 80 and end 82. End 80
corresponds with proximal transition region 46 and end 82 corresponds with distal
transition region 48. Protrusions 84 correspond with triangular indentations 42 and
protrusions 86 correspond with triangular indentations 44. Edges 88 correspond to
perpendicular ribs 38 and edges 90 correspond to perpendicular ribs 40.

Mold casing 70 is coupled to its mating half so that a cavity is formed having four
corners 78 and four side walls 92. Corners 78 form a 90° angle with opposing side walls
92 in body region 94, proximal region 96 and distal region 98. Thus, once balloon 10 is
positioned within cavity 72 and mold casing 70 is coupled to its mating half via mounting
apparatus 100, a polymeric material is injected inside to expand balloon 10 until flexible
material 24 is urged against the interior of cavity 72. Preferably with heat being applied
to the mold to maintain fluidity and shape flexible material 24, corners 78 form
longitudinal ribs 36, edges 88 form perpendicular ribs 38, edges 90 form perpendicular
ribs 40, protrusions 84 form triangular indentations 42 and protrusions 86 form triangular

indentations 44. Mold casing 70 in combination with its mating half form four
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longitudinal ribs 36, four perpendicular ribs 38, four perpendicular ribs 40, four triangular
indentations 42, and four triangular indentations 44, all of which enhance and induce the
quadra-folding nature of balloon 10 into the quadra-folded configuration or deflated state
28.

Fig. 8 is a cross-sectional view of the mold of Fig. 7 taken along line 8-8 of Fig,
7. Mold casing 70 shown in Fig. 8 has a 90° angle between opposing side walls 92.
Protrusions 86 extend above side walls 92 so that edges 88 may form creases 56.

Fig. 9 1s a cross-sectional view of the mold of Fig. 7 taken along line 9-9 of Fig.
7. Fig. 9 shows a view of cavity 72 rotated 45° along longitudinal axis 34 to illustrate the
symmetrical relationship of side walls 92. As shown in Fig. 8, opposing side walls 92
create 90° angles therebetween to form the balloon 10 of Fig. 1.

Fig. 10 is a perspective view of an end of a balloon showing an alternative
embodiment of the present invention. Fig. 10 shows triangular indentations 104
positioned within proximal transition region 106 of balloon 114. Creases 108 of
triangular indentations 104 extend from proximal end 110 to an adjacent corresponding
one of perpendicular ribs 112. Balloon 114 has longitudinal ribs 116 positioned as in
balloon 10 of Fig. 1. Since creases 108 do not intersect perpendicular ribs 112, creases
118 are formed within proximal transition region 106 to join creases 108 to longitudinal
ribs 116 to enhance the quad-folding nature of balloon 114.

The alternative embodiment shown in Fig. 10 has a distal transition region, not
shown, which is shaped similarly to proximal transition region 106 and is thus not
described. Balloon 114 is shown in a non-pressurized state 120. When balloon 114 is
deflated to the quad-folded configuration in deflated state 28 shown in Fig. 4, creases 108
enhance the collapse of inflation chamber 122 of balloon 114 from an expanded
configuration or inflated state 30 to a quad-folded configuration of deflated state 28 by
extending creases 108 through perpendicular ribs 112 once the resistance of
perpendicular ribs 112 to collapse has been overcome during deflation. Creases 108 then
extend to body 124 between longitudinal ribs 116 to induce the refolding of balloon 114
into deflated state 28 as shown in Fig. 4.

Fig. 11 is a plan view of one half of a mold for forming the balloon of the
alternate embodiment. Fig. 11 shows half of a mold casing 130. The half of the mold
casing 130 shown in Fig. 11 is symmetrical with respect to the features of balloon 114
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in Fig. 10 in comparison to the other half of the mold casing which is not shown. Thus,
only mold casing 130 is described herein. Cavity 132 of mold casing 130 has proximal
region 134, body region 136, and distal region 138. In cavity 132, side walls 140 are
opposing at a 90° angle. Corners 142 correspond to longitudinal ridges 116. Proximal
region 134 has edges 144 which correspond to perpendicular ribs 112. Distal region 138
has edges 146. Proximal region 134 has protrusions 148 which correspond to triangular
indentations 104. Distal region 138 has protrusions 150. Mounting apparatus 158 are
used to attach mold casing 130 shown in Fig. 11 to the other half which is not shown.

Fig. 12 is a cross-sectional view of the mold of Fig. 11 taken along line 12-12 of
Fig. 11. Fig. 12 shows protrusions 148 which correspond to triangular indentations 104.

Side walls 140 are shown opposing at a 90° angle. Ridges 160 correspond to creases 108
as shown extending up to channel 152. Fig. 12 also illustrates corners 142 which
correspond to longitudinal ribs 116.

Fig. 13 is a cross-sectional view of the mold of Fig. 11 taken along line 13-13 of
Fig. 11. Fig. 13 shows side walls 140 of body region 136 and proximal region 134 and
distal region 136. Proximal region 134 has edge 144 which corresponds to perpendicular
ribs 112. Distal region 136 has edge 146. Protrusion 148 of proximal region 134
corresponds to triangular indentation 104. Rib 160 corresponds with crease 108 and is
shown extending up to channel 152. Distal region 136 has rib 162. The view shown in
Fig. 13 along line 13-13 of Fig. 12 illustrates that cavity 132 and balloon 114 are
symmetrical with respect to a 45° rotation along longitudinal axis 164.

Fig. 14 is a perspective view of a third alternative embodiment of the present
invention. Fig. 14 shows balloon 170 in a non-pressurized state 60. Balloon 170 has a
body 172, a proximal transition region 174 and a distal transition region 176. Body 172
has triangular indentations 178. Triangular indentations 178 each have a crease 180.
Longitudinal ribs 182 are shown in the third alternative embodiment as defining a
beveled or rounded edge. The rounded edges define a radius at the edge of each fold
when balloon 170 is quad-folded into the deflated state 28 to reduce trauma to the
patient's vascular system by minimizing the balloon profile. In the third alternative
embodiment, triangular indentations 178 are positioned within body 172, and creases 180
of triangular indentations 178 extend from a proximal end 192 of body 172 to a distal end
190 of body 172. Creases 180 of each of the number of triangular indentations 178 do
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not intersect perpendicular ribs 192 or perpendicular ribs 194. Creases 180 of each of the
number of triangular indentations 178 enhance the collapse of balloon 170 from an
expanded configuration or inflated state 30 to a folded configuration or deflated state 28
once the resistance of perpendicular ribs 192 and perpendicular ribs 194 to collapse has
been overcome by extending creases 180 into proximal transition region 174 and distal
transition region 176 to enhance or further induce the quad-folding of balloon 170.

Fig. 15 is a perspective view of a fourth alternative embodiment of the present
invention. Fig. 15 shows a balloon 200 having a body 202, a proximal transition region
204, and a distal transition region 206. Balloon 200 is in a non-pressurized state 60.
Triangular indentations 208 have creases 210 and are positioned in body 202 of balloon
200 between longitudinal ribs 212. Longitudinal ribs 212 reduce patient trauma due to
a radius which is located at the edge of each fold by minimizing the balloon profile when
balloon 200 is in the deflated state 28. Longitudinal ribs 212 extend from proximal end
214 to distal end 216. Proximal end 218 of body 200 has perpendicular ribs 220. Distal
end 222 of body 202 has perpendicular ribs 224. Creases 210 of triangular indentations
208 extend from proximal end 218 of body 202 to distal end 222 of body 202 and
intersect perpendicular ribs 220 and perpendicular ribs 224 to reduce the resistance of
perpendicular ribs 220 and perpendicular ribs 224 to collapse during deflation. Creases
210 of triangular indentations 208 enhance the collapse of balloon 200 from an expanded
configuration or inflated state 30 to the quadra-folded configuration or the deflated state
28 once the resistance of perpendicular ribs 220 and perpendicular ribs 224 to collapse
has been overcome during deflation.

Fig. 16 is a perspective view of a fourth alternate embodiment of the present
invention. Fig. 16 shows balloon 230 which has a body 232, a proximal transition region
234, and a distal transition region 236. Balloon 230 is in a non-pressurized state 60.
Triangular indentations 238 extend from proximal end 240 to distal end 242. Triangular
indentations 238 each have one of creases 244. Perpendicular ribs 246 are located at a
proximal end 248 of body 232. Perpendicular ribs 250 are located at a proximal end 252
of body 232. Longitudinal ribs 254 extend from proximal end 240 to distal end 242 of
balloon 230. Triangular indentations 238 are equidistantly spaced between adjacent
longitudinal ribs 254. Creases 244 of triangular indentations 238 extending from
proximal end 240 to distal end 242 intersect perpendicular ribs 246 and perpendicular ribs
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250 to reduce the resistance of perpendicular ribs 246 and perpendicular ribs 250 to
collapse during deflation. Creases 244 of triangular indentations 238 enhance the
collapse of balloon 230 from an expanded configuration or inflated state 30 to a quad-
folded configuration or deflated state 28 once the resistance of perpendicular ribs 246 and
perpendicular ribs 250 to collapse has been overcome during deflation of balloon 230.

Having thus described the preferred embodiments of the present invention, those
of skill in the art will readily appreciate that yet other embodiments may be made and

used within the scope of the claims hereto attached.
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What is claimed:

1.

A balloon for a catheter, comprising:

a.

an inflatable membrane formed of a flexible material defining an inflation
chamber which is adapted for inflation from a folded configuration to an
expanded configuration and deflation back to a folded configuration, said
balloon having a longitudinal axis extending between a proximal and a
distal end;

a number of longitudinal ribs formed in said flexible material of said
inflation chamber which extend longitudinally between said proximal and
said distal end;

a number of perpendicular ribs formed in said flexible material of said
inflation chamber which extend between said number of longitudinal ribs,
said number of perpendicular ribs being generally perpendicular to said
longitudinal axis, said number of perpendicular ribs having a higher
resistance to collapse during deflation; and

a number of indentations formed in said flexible material of said inflation
chamber, each indentation positioned between two adjacent ones of said
number of longitudinal ribs and extending longitudinally at least a portion
of the length between said proximal end and said distal end, said number
of indentations enhancing said collapse of said inflation chamber from

said expanded configuration to said folded configuration.

The balloon of claim 1 wherein said flexible material is formed of polyethylene

terephthalate.

The balloon of claim 1 wherein said number of longitudinal ribs is eight and said

number of indentations is eight.

The balloon of claim 1 wherein said balloon comprises a reduced diameter

proximal transition region adjacent said proximal end, a reduced diameter distal

transition region adjacent said distal end, and a body positioned between said

proximal transition region and said distal transition region.
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The balloon of claim 4 wherein said number of perpendicular ribs comprises a
first plurality of said number of perpendicular ribs positioned in a first plane
perpendicular to said longitudinal axis, said first plurality of said number of
perpendicular ribs joining said proximal transition region to said body, a second
plurality of said number of perpendicular ribs positioned in a second plane
perpendicular to said longitudinal axis, said second plurality of said number of

perpendicular ribs joining said distal transition region to said body.

The balloon of claim 5 wherein said first plurality of said number of perpendicular

ribs is four and said second plurality of said number of perpendicular ribs is four.

The balloon of claim 5 wherein each one of said number of indentations is an
inwardly directed fold, said fold being directed towards said longitudinal axis and
having a crease which extends generally longitudinally at a radial angle toward

said longitudinal axis.

The balloon of claim 7 wherein a first portion of said number of said indentations
is positioned near said proximal end of said balloon, said crease of each one of
said first plurality of said number of indentations extending through a particular
one of said first portion of said number of perpendicular ribs, a second portion of
said number of said indentations being positioned near said distal end of said
balloon, said crease of each one of said second portion of said number of
indentations extending through a particular one of said second plurality of said
number of perpendicular ribs to reduce said resistance of said number of
perpendicular ribs to collapse during deflation and enhancing said collapse of said

inflation chamber from said expanded configuration to said folded configuration.

The balloon of claim 7 wherein a first portion of said number of said indentations
is positioned within said proximal transition region, said crease of each one of
said first portion of said number of indentations extending from said proximal
end of said balloon to a corresponding particular one of said first plurality of said

number of perpendicular ribs, said crease of each one of said first portion of said
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10.

11.

12.

number of indentations not extending through said corresponding particular one
of said first plurality of said number of perpendicular ribs, a second portion of
said number of said indentations is positioned within said distal transition region,
said crease of each one of said second portion of said number of indentations
extending from said distal end of said balloon to a corresponding particular one
of said second plurality of said number of perpendicular ribs, said crease of each
one of said second portion of said number of indentations not extending through
said corresponding particular one of said second plurality of said number of

perpendicular ribs.

The balloon of claim 7 wherein said crease of each one of said number of
indentations extends from a proximal end of said body to a distal end of said
body, said crease of each one of said number of indentations intersecting a
corresponding particular one of said first plurality of said number of
perpendicular ribs and a corresponding particular one of said second portion of
said number of perpendicular ribs to reduce said resistance of said number of
perpendicular ribs to collapse during deflation, said crease of each one of said
number of indentations enhancing said collapse of said inflation chamber from

said expanded configuration to said folded configuration.

The balloon of claim 7 wherein said number of said indentations is positioned
within said body, said crease of each one of said number of indentations
extending from a proximal end of said body to a distal end of said body, said
crease of each one of said number of indentations not intersecting a
corresponding particular one of said first plurality of said number of
perpendicular ribs or a corresponding particular one of said second plurality of
said number of perpendicular ribs, said crease of each one of said number of
indentations enhancing said collapse of said inflation chamber from said

expanded configuration to said folded configuration.

The balloon of claim 7 wherein said crease of each one of said number of

indentations extends from a proximal end of said balloon to a distal end of said
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13.

14.

15.

16.

balloon, said crease of each one of said number of indentations intersecting and
extending through a corresponding particular one of said first plurality of said
number of perpendicular ribs and a corresponding particular one of said second
plurality of said number of perpendicular ribs to reduce said resistance of said

number of perpendicular ribs to collapse during deflation.

A balloon for a catheter, comprising:

a. an inflatable membrane for attachment to a catheter shaft for introduction
into a human body conduit, said inflatable membrane formed of a flexible
material defining an inflation chamber which is adapted for inflation from
a folded configuration to an expanded configuration and deflation back
to a folded configuration, said balloon having a longitudinal axis
extending between a proximal and a distal end;

b. a number of ribs formed in said flexible material of said inflatable
membrane, said number of ribs being equidistantly spaced and extending
generally along said longitudinal axis; and

C. -a number of folds formed in said flexible material of said inflatable
member, each fold extending longitudinally at least a portion of the length
between said proximal end and said distal end of said balloon, said fold
being inwardly directed towards said longitudinal axis and having a
crease which extends generally longitudinally at a radial angle to said

longitudinal axis.

The balloon of claim 13 wherein said flexible material is polyethylene

terephthalate.
The balloon of claim 13 wherein said number of ribs comprise a number of
longitudinal ribs formed in said flexible material of said inflatable membrane

which extend longitudinally between said proximal and said distal end.

The catheter of claim 15 wherein said number of longitudinal ribs is four.
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17.

18.

19.

20.

21.

The balloon of claim 15 wherein said balloon comprises a reduced diameter
proximal transition region adjacent said proximal end, a reduced diameter distal
transition region adjacent said distal end, and a body portion positioned between

said proximal transition region and said distal transition region.

The balloon of claim 17 wherein said number of ribs further comprise a number
of perpendicular ribs formed in said flexible material of said inflation chamber
which intersect said number of longitudinal ribs, said number of perpendicular
ribs being perpendicular to said longitudinal axis and having a higher resistance

to collapse during deflation.

The balloon catheter of claim 18 wherein said number of perpendicular ribs
comprise a first plurality of said number of perpendicular ribs positioned in a first
plane perpendicular to said longitudinal axis, said first plurality of said number
of perpendicular ribs joining said proximal transition region to said body, a
second plurality of said number of perpendicular ribs positioned in a second plane
perpendicular to said longitudinal axis, said second plurality of said number of

perpendicular ribs joining said distal transition region to said body.

The balloon of claim 19 wherein said first plurality of said number of
perpendicular ribs is four and said second plurality of said number of

perpendicular ribs is four.

The balloon of claim 19 wherein a first portion of said number of folds is
positioned near said proximal end of said balloon, each particular one of said first
portion of said number of folds extending through a particular one of said first
plurality of said number of perpendicular ribs, a second portion of said number
of folds being positioned near said distal end of said balloon, each particular one
of said second portion of said number of folds extending through a particular one
of said second plurality of said number of perpendicular ribs to enhance said
collapse of said inflation chamber from said expanded configuration to said

folded configuration.
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22.

23.

24,

25.

The balloon of claim 19 wherein a first portion of said number of folds is
positioned within said proximal transition region, said first portion of said
number of folds extending from said proximal end of said balloon to a
corresponding particular one of said first plurality of said number of
perpendicular ribs, said first portion of said number of folds not extending
through said corresponding particular one of said first plurality of said number of
perpendicular ribs, a second portion of said number of folds is positioned within
said distal transition region, said second portion of said number of folds
extending from said distal end of said balloon to a corresponding particular one
of said second plurality of said number of perpendicular ribs, said second portion
of said number of folds not extending through said corresponding particular one
of said second plurality of said number of perpendicular ribs to enhance said
collapse of said inflation chamber from said expanded configuration to said

folded configuration.

The balloon of claim 19 wherein said number of folds is positioned within said
body, said number of folds extending from a proximal end of said body to a distal
end of said body, said number of folds intersecting a corresponding particular one
of said first plurality of said number of perpendicular ribs and a corresponding
particular one of said second plurality of said number of perpendicular ribs to
reduce said resistance of said number of perpendicular ribs to collapse during

deflation.

The balloon of claim 19 wherein said number of folds is positioned within said
body, said number of folds extending from a proximal end of said body to a distal
end of said body, said number of folds not intersecting a corresponding particular
one of said first plurality of said number of perpendicular ribs and a
corresponding particular one of said second plurality of said number of

perpendicular ribs.

The balloon of claim 19 wherein said number of folds extends from said proximal

end of said balloon to said distal end of said balloon, said number of folds
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26.

extending through a particular one of said first plurality of said number of
perpendicular ribs and a particular one of said second plurality of said number of
perpendicular ribs to reduce said resistance of said number of perpendicular ribs

to collapse during deflation.

A method for forming a number of indentations in an inflatable balloon for a
balloon catheter, said balloon formed of a flexible material defining an inflation
chamber which is adapted for inflation from a folded configuration to an
expanded configuration and deflation back to a folded configuration, said balloon
having a longitudinal axis extending between a proximal and a distal end, said
balloon having a reduced diameter proximal transition region adjacent said
proximal end, a reduced diameter distal transition region adjacent said distal end,
and a body positioned between said proximal transition region and said distal
transition region, said method comprising the steps of:

a. providing a mold having a proximal and a distal end and a number of
protrusions formed therein;

b. inserting a polymeric material into said mold and expanding said material
until said flexible material is urged against an interior surface of said
mold, said mold being shaped to form a number of longitudinal ribs in
said flexible material which extend longitudinally between said proximal
and said distal end of said balloon, said number of longitudinal ribs being
equidistantly spaced about said longitudinal axis, said mold also being
shaped to form a number of perpendicular ribs in said flexible material
which extend between said number of longitudinal ribs, said number of
perpendicular ribs being perpendicular to said longitudinal axis, said
number of perpendicular ribs having a higher resistance to collapse during
deflation of said balloon, said number of protrusions forming a plurality
of indentations in said flexible material of said inflation chamber, each
indentation equidistantly positioned between two adjacent ones of said
number of longitudinal ribs and extending longitudinally a length between
said proximal end and said distal end, said number of indentations

enhancing said collapse of said balloon.
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27.

The method in accordance claim 26, wherein each one of said number of
indentations comprise an inwardly directed fold, said fold being directed towards
said longitudinal axis of said balloon and having a crease which extends

longitudinally at a radial angle to said longitudinal axis.

23



PCT/US98/22997

WO 99/25417

1/5

SUBSTITUTE SHEET (RULE 26)



PCT/US98/22997

-WO0 99/25417

2/5

6

mN/ \oO
G/

o) 8! vmﬁ\mmx/mmdn

26 B,

8§ 14

LL L LTI T7T7 70707

72277777774

OO0l

00—

\A%Q\ﬁ\\\&h\\&

[ *

/|

om\ »Nm mvm t/
6 ‘S1d
ooy 4 mm/mm/ommrll_ 9 e s 8 08 M O
VA GO W
o | e AR N ) d
5 <
17—~ i @

v {
RMU oo 867 og” 06 8~ _vm m\wm\mm w@m 96 oo’/

O/

, ‘S

s
1
\O

00}

-

SUBSTITUTE SHEET (RULE 26)



PCT/US98/22997

WO 99/25417

375

N\

\MMM\MMM .MNmm\\\\\\\\\\\\\\\\\\\\\\\mMMMMMMM
4

/ }
g 201 05— ! Novt oo/ 0017 b1 Bpl vﬂ\o@\ o)

ogl!
ogl I\\

£1 31
ISy i, 05 ol
oy
8pl—— = Y
2l 8\%\% borer!
1 s,

osl ovl

I b s @)

8sl 96|

57 — 5
Q 4

7 {

S

(
)
Y
A
| [}
o) 05/ /m& 2/ ogt)  owi

og¢ _\\\ N‘ N ..M.Nm

SUBSTITUTE SHEET (RULE 26)



PCT/US98/22997

-WO 99725417

4/5

SUBSTITUTE SHEET (RULE 26)



PCT/US98/22997

WO 99/25417

5/5

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

nte icnal Application No

PCT/US 98/22997

A. CLASSIFICATION OF SUBJECT MATTER

IPC 6  A61M25/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 6 A6IM

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 5 458 572 A (CAMPBELL
17 October 1995

see abstract; claims 1-5,15; figures 1-3

A US 5 041 125 A (MONTANO JR )

see abstract; fiqures 1-7

ET AL.) 1-27

1-27
20 August 1991
see abstract; claims 1-7; figures 1-8
A US 5 456 666 A (CAMPBELL ET AL.) 1-27
10 October 1995
see abstract; figures 1-7
A US 5 318 587 A (DAVEY ) 7 June 1994 1-27

_/....

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the internationat
filing date
“L." document which may throw doubts on priority claim(s) or

which is cited to establish the publication date of another
citation or other special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the intemational filing date but
later than the priority date claimed

“T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the intemational search

23 March 1999

Date of mailing of the international search report

31/03/1999

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,

Fax: (+31-70) 340-3016

Authorized officer

Michels, N

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Int

tional Application No

PCT/US 98/22997

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

EP 0 565 799 A (INTERVENTIONAL
TECHNOLOGIES) 20 October 1993

see abstract; claims 1-3,8,9; figures
1,2A,B

US 4 796 629 A (GRAYZEL ) 10 January 1989

26,27

Fom PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

Int

iional Application No

PCT/US 98/22997

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5458572 A 17-10-1995 EP 0768904 A 23-04-1997
' JP 10506296 T 23-06-1998
WO 9601133 A 18-01-1996
US 5041125 A 20-08-1991 us 4941877 A 17-07-1990
US 5456666 A 10-10-1995 CA 2187082 A 02-11-1995
EP 0758914 A 26-02-1997
JP 9512190 T 09-12-1997
WO 9528985 A 02-11-1995
us 5478319 A 26-12-1995
US 5318587 A 07-06-1994 DE 69011784 D 29-09-1994
EP 0414350 A 27-02-1991
JP 3092173 A 17-04-1991
EP 0565799 A 20-10-1993 us 5209799 A 11-05-1993
AU 2845592 A 21-10-1993
CA 2083352 C 06-12-1994
DE 69213212 D 02-10-1996
DE 69213212 T 30-01-1997
ES 2094886 T 01-02-1997
JP 2604532 B 30-04-1997
JP 5293174 A 09-11-1993
us 5336234 A 09-08-1994
US 4796629 A 10-01-1989 WO 8809682 A 15-12-1988

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

