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ABSTRACT

A medical balloon assembly (10) includes a balloon (20) fitted to a balloon
catheter (12). The balloon (20) includes a balloon wall (which is a co-extrusion)
with ribs or strengthening elements (40) formed of the same polymer material, of a
material of the same polymer type or of compatible polymer materials. The ribs in
one embodiment extend into the thickness or depth of the balloon wall and in other
embodiments may be flattened so as to present a substantially smooth outer
surface to the balloon (20). The ribs (40) or strengthening elements may be made
of or include radiopaque material.
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MEDICAL BALLOON

Technical Field

The present invention relates to a medical balloon, which in some
embodiments may be a scoring or cutting balloon for use for instance in
angioplasty or other vessel dilatation procedures. In other embodiments the
balloon may have increased resistance to tearing and able to be used at high

pressures.

Background Art

Traditionally, vessel dilatation was effected by open surgery procedures but
advances in medical technology have enabled such procedures to be carried out
endoluminally, principally by means of expandable medical devices of which
angioplasty balloons have proven most effective. Some angioplasty balloons have
scoring or cutting elements attached to the outside of the main body portion of the
balloon, the cutting elements for instance being in the form of sharp metal blades.
Another example provides scoring or cutting elements which are integrally formed
with the balloon. The scoring or cutting elements are provided to break up plaque
within the vessel and thus recanalise the latter. The balloon acts to keep the
blades or elements pressed against the vessel wall during the scoring or cutting
process and also acts to dilate the vessel as the process is carried out.

A problem with balloons formed with separate scoring or cutting blades
fixed to the balloon is that the manufacturing process is more complex, time
consuming and costly. Moreover, the eventual structure generally requires a
fixation element to fix the blade to the balloon, which is typically in the form of a
base support and adhesives or other bonding agents. The resultant structure can
be relatively bulky, leading to limitations in the ability to fold and wrap the balloon
to small diameters for delivery purposes. This can result in the balloon being
unsuitable for smaller vessels or for the treatment of highly restricted vessels.

Moreover, the balloon structure can be relatively rigid, leading to loss of flexibility
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of the balloon when deflated and as a result reduced trackability through tortuous
vasculature.

A cutting or scoring balloon formed with integral cutting or scoring elements
can resolve many of the shortcomings of balloons formed with separate scoring or
cutting elements. However, in some instances the cutting or scoring elements
and/or the overall structure of the balloon can be less rigid when deployed, leading
to a reduction in cutting or scoring efficiency.

There is also a risk during angioplasty procedures that the balloon may
tear, primarily as a result of the existence or generation of sharp edges of plaque
and/or the pressure to which the balloon is inflated to during the process. While a
tear which propagates in a longitudinal direction of the balloon tends not to be
critical, as the balloon can be removed easily form the patient in one piece and
thus replaced, tears which propagate circumferentially can be problematic,
particularly if this leads to portions of the balloon snagging within the vessel or
breaking off.

Furthermore, scoring or cutting balloons tend to be difficult to detect during
imaging as a result of their inherent imaging transparency.

At least some of the problems identified above can be exhibited in balloons
used for other than angioplasty procedures.

Some examples of cutting or scoring balloons can be found in
US-2003/0163148, US-2012/0130407, US-2009/0234283, US-2011/01607586,
US-2004/0230178 and US-2003/0153870.

Disclosure of the Invention

The present invention seeks to provide an improved medical balloon,
particularly an improved cutting or scoring balloon and an improved high pressure
balloon.

According to an aspect of the present invention, there is provided a medical
balloon including a balloon body member made of a first polymer material having
at least one first physical characteristic; the body member having a balloon wall
with a wall thickness and inner and outer wall surfaces, the body member being
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disposed between first and second balloon ends; and at least one scoring or
cutting element extending along the body member between the first and second
balloon ends and having a base extending into the balloon wall, the at least one
scoring or cutting element being made of a second polymer material having at
least one second physical characteristic different from the at least one first
physical characteristic of the first polymer material.

This structure of balloon, that is with cutting or scoring elements made of
polymer material and in which the cutting or scoring elements extend into the
thickness of the balloon wall, provides cutting or scoring elements which are more
effective than prior art unitary scoring balloon structures, primarily due to the fact
that the cutting or scoring elements can have a greater thickness for a given
deployed diameter than is the case with prior art structures. Moreover, extending
the scoring or cutting elements into the depth of the balloon wall provides a
material discontinuity in the balloon wall, an in particular one which is able to
interrupt a circumferential path within the balloon wall through the first material.
This has the effect of halting the circumferential propagation of any tears in the
balloon. Furthermore, the balloon can also be formed in a unitary manner rather
than in separate stages.

In an embodiment, the base of the at least one scoring or cutting element
extends into the balloon wall by at least 50 percent of the thickness of the balloon
wall. More preferably, the base of the at least one scoring or cutting element
extends into the balloon wall for substantially the entire thickness of the balloon
wall. In an embodiment, the base of the at least one scoring or cutting element
extends to the inner wall surface of the balloon wall.

It is preferred that the second polymer material has a greater rigidity than a
rigidity of the first polymer material.

The second polymer material may have a greater rupture strength than a
rupture strength of the first polymer material.

Advantageously, the first and second polymer materials are of the same

polymer type.
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Advantageously, the first and second polymer materials are co-extruded.
The co-extrusion of materials of the same polymer type is able to provide a unitary
balloon without any weakened transition point between the two materials.

In one embodiment, the first and second polymer materials may include the same
polymer, optionally with one of the first and second polymer materials including
one of more of: an additive, a structural modification and a blend, modifying its
characteristics relative to the other of the first and second polymer materials.

In one embodiment, the first material is or includes a polyamide such as
Nylon 12 and the second material is or includes a different polyamide, but
preferably of the same polymer type, such as Nylon 6 or Nylon 66.

In the preferred embodiment, the second material is or includes an
amorphous polymer material, preferably an amorphous polyamide material,
preferably an amorphous Nylon material such as amorphous Nylon 12.
Amorphous polymer materials, especially amorphous Nylon materials, can provide
very rigid elements which can easily be shaped. In addition, they can easily be co-
extruded with a first material of the same polymer type to provide a unitary balloon.

In the preferred embodiment, the second material is or includes an
amorphous polymer material, such as amorphous Nylon 12, and the first material
is or includes a non-amorphous polymer material preferably including the same
polymer as the second material, for example Nylon 12.

Preferably, the second polymer material is or includes radiopaque or
echogenic material. For this purpose, the second polymer material may include
between 50 and 90% by weight of radiopaque or echogenic material, for instance
substantially 65% or 80% by weight of radiopaque or echogenic material.

The second polymer material may include a mix or blend of radiopaque or
echogenic material and polymeric material. In an example, the second polymer
material includes at least one of: tungsten, gold, platinum, palladium, barium or
bismuth.

It is preferred that the medical balloon includes a plurality of said scoring or
cutting elements, which may be spaced from one another circumferentially around

the balloon body member.
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The at least one scoring or cutting element may extend generally linearly
between the first and second ends; although it is not excluded that the element or
elements could extend at least partially circumferentially around the body portion,
for instance helically.

Advantageously, the at least one scoring or cutting element extends along
the first and second ends of the balloon and is flattened at the first and second
ends. Having such elements extend to the very ends of the balloon can ensure
that they provide strength to the balloon along its entire length, in particular
resistance against circumferential tear propagation. Flattening the elements at the
ends of the balloon increases the flexibility of the balloon, particularly when
deflated, and thus improves trackability of the balloon through the patient’s
vasculature during deployment.

In practice, the balloon ends will include conical end portions terminating in
necks which attach to a balloon catheter.

According to another aspect of the present invention, there is provided a
medical balloon including a balloon body member made of a first polymer material;
the body member being disposed between first and second balloon ends and
having a balloon wall with a wall thickness and inner and outer wall surfaces, the
outer wall surface being generally rounded in a circumferential direction of the
body member; and at least one elongate element extending between the first and
second ends of the balloon body member, the at least one elongate element being
made of a second polymer material having a greater rupture strength compared to
a rupture strength of the first polymer material, and wherein the at least one
elongate element has a flattened outer surface.

Preferably, the at least one elongate element has an outer surface which is
substantially smooth with the outer wall surface of the balloon body member. Most
preferably, the at least one elongate element has an outer surface substantially
flush with the outer wall surface of the balloon body member.

The preferred embodiment of this aspect provides a balloon which effects
no scoring or cutting function but which has increased resistance against tear
propagation and which can therefore be operated at higher pressures.
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The at least one elongate element may have a base extending into the
balloon wall, which may extend into the balloon wall by at least 50 percent of the
thickness of the balloon wall; for substantially the entire thickness of the balloon
wall; or to the inner wall surface of the balloon wall.

According to another aspect of the present invention, there is provided a
medical balloon including a balloon body member made of a first polymer material
and being substantially radiolucent; the body member having a balloon wall with a
wall thickness and inner and outer wall surfaces, the body member being disposed
between first and second balloon ends; and at least one scoring or cutting element
extending along the body member between the first and second balloon ends, the
at least one scoring or cutting element being made of a second polymer material
being or including a radiopaque or echogenic material.

The provision of radiopaque scoring or cutting elements of this nature
assists in the visualisation of the balloon and hence of its state and performance.
This can be achieved without compromising the performance of the balloon.

Other features of the apparatus disclosed herein will become apparent from

the following specific description of preferred embodiments.

Brief Description of the Drawings

Embodiments of the present invention are described below, by way of
example only, with reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of an embodiment of medical balloon;

Figure 2 is a transverse cross-sectional view of an embodiment of raw
tubing for forming the balloon of Figure 1;

Figures 3 and 4 are sketches of transverse sections of two different
manufactured raw tubing according to the teachings herein;

Figure 5 is a transverse cross-sectional view of another embodiment of raw
tubing for forming the balloon of Figure 1;

Figure 6 is sketches of a transverse section of a manufactured raw tubing
according to Figure 4;
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Figure 7 is a transverse cross-sectional view of another embodiment of raw
tubing for forming a medical balloon as taught herein;

Figures 8A to 8D are sketches of different embodiments of raw tubing and
blown balloons according to the teachings herein.

Description of the Preferred Embodiments

There are described below various embodiments of medical balloon which
can be used in a variety of medical procedures. A number of the embodiments
are to a balloon which is provided with a plurality of scoring or cutting elements
extending along the outer surface of the balloon and which can be used for
removing debris and in particular plaque from within a vessel, as well as for vessel
dilatation. Other embodiments are directed to a balloon having straightening
elements or strips extending along the length of the balloon and which do not
perform any scoring or cutting action. The strengthening elements are designed to
allow an increase in the rate of inflating pressure of a balloon by reducing or
eliminating the risk of circumferential tear propagation. The concepts taught
herein can be used for a variety of medical balloons.

The person skilled in the art will appreciate that the drawings are not to
scale and often depict various parts of the balloon in significantly enlarged form.
Moreover, the proportions of the various elements of the balloon are not as they
would be in practice. The schematic form of the drawings is intended to show
clearly the different parts of the structure. A person skilled in the art will
immediately appreciate, from common general knowledge, the typical dimensions
and relative proportions of the various elements of the balloon, and also that these
will also vary in dependence upon the specific medical application.

Referring now to Figure 1, this shows in schematic form and in side
elevation an embodiment of medical balloon 10 shown in cross-section. The
balloon 10 is carried on a balloon catheter 12 of conventional form, which
terminates at a distal end 14. The balloon catheter 12 includes one or more

apertures 16 in its wall, communicating with the catheter lumen, for providing
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inflation fluid into the balloon 20, as well as for exhausting fluid from the balloon 20
in order to deflate this for removal purposes.

In the example shown in Figure 1 the balloon 20 has a generally
conventional form with, in this embodiment, a body element 22 of substantially
cylindrical shape and which is of elongate form, that is has a length greater than its
diameter. A person skilled in the art will appreciate that medical balloons may
have a variety of different shapes and they may sometimes be wider than they are
longer.

The balloon 20 also includes end portions 24, 26, which are typically conical
as shown in Figure 1. Beyond the end cones 24, 26, the balloon 20 has neck
portions 28, 30 which are fixed to the balloon catheter 12 in fluid tight manner, so
that the balloon 20 has at least one chamber 32 which is sealed, save for the fluid
connection through the aperture 16 of the balloon catheter 12.

The example of balloon 10 shown in Figure 1 is a scoring or cutting balloon
and in this regard is provided with a plurality of elongated scoring or cutting
elements 40, which preferably extend for the whole length of the balloon 20 and
most preferably also along the length of the end cones 24, 26 and of the necks 28,
30. Having scoring elements 40 of this nature can provide longitudinal strength to
the balloon 20 and, as explained below, can provide increased tear resistance,
specifically by providing a mechanism for inhibiting or substantially reducing the
risk of circumferential tear propagation.

The scoring elements 40 may extend longitudinally along the balloon 20,
that is in a direction parallel to the longitudinal axis of the balloon 20, which could
be equated with the longitudinal axis of the balloon catheter 12 as viewed in Figure
1. Itis not excluded, however, that the scoring elements 40 could extend at an
angle to this and may, for example, run helically along and around the balloon 20.
The actual disposition of the scoring or cutting elements 40 on the balloon, as well
as the number of scoring elements 40 provided on the balloon, will typically vary
dependent on the medical procedure and the vessel size in which the balloon is to
be used. This will be within the understanding and knowledge of the person of
average skill in the art.
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In Figure 1, the scoring or cutting elements 40 as shown as having a
substantially uniform height along the body portion 22 of the balloon 20, although
they may have a varying height in some embodiments, for example to have
discontinuities or teeth along the lengths of the scoring elements 40, useful in the
breaking up of plaque within a vessel. The portions 42, 44 of the scoring elements
which extend along the end cones 24, 26 of the balloon 20 preferably have heights
substantially less than their height along the main body portion 22 of the balloon
20. In embodiments where the scoring elements 40 extend all the way into the
neck portions 28, 30 also, the scoring elements preferably have a reduced height
at the necks also and in practice preferably as little as possible. It is likewise
preferred that the portions of the scoring elements 40 extending along the end
cones is also minimised. Given that the end cones 24, 26 and the necks 28, 30 of
the scoring elements 40 will generally provide no substantial scoring or cutting
function, is not necessary for them to protrude from the balloon wall at all or by any
significant amount and it is also not necessary for them to have pointed ends or
edges. ltis preferred, in fact, that the portions of the scoring elements 40 which
extend along the ends cones 24, 26 (that is the portions 42, 44) and along the
necks 28, 30 be as thin as possible as this enhances the flexibility of the balloon
20, particularly when the balloon is in a deflated and folded condition, which it
would be during endoluminal delivery of the balloon to the treatment site in the
patient.

As will be apparent from the description and drawings which follow, in
embodiments having scoring or cutting elements 40, these preferably have an
outermost point or apex for use in scraping or cutting plaque from within a vessel
wall. It is not excluded, though, that the scoring elements could have a rounded
extremity. In all the preferred embodiments, the scoring elements will extend by
an operative height beyond the outer surface of the balloon wall so as to present a
discontinuity in the outer surface of the balloon. As explained below, the scoring
elements 40 are also preferably made of a more rigid material than that of the
balloon wall.

Although Figure 1 shows only two scoring elements 40, it is to be
understood that there will typically be provided more than two scoring elements on
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the balloon 20, for example four, six or more, or any number therebetween. The
actual number can be selected by the person skilled in the art, typically in
dependence upon the condition and type of vessel to be treated. It is also feasible
that in some embodiments, in addition to scoring elements extending longitudinally
along the balloon 20, there may be provided scoring elements which extend at an
angle thereto. For the reasons indicated below, though, it is preferred that the
scoring elements 40 extend along the length of the balloon and substantially
parallel to the longitudinal axis of the balloon 20.

It will be appreciated that the scoring elements 40 will be spaced
circumferentially around the balloon 20, and in particular the body portion of the
balloon 20. They are preferably equally spaced around the balloon 20.

In the preferred embodiments described with reference to Figures 2-8
below, the balloon wall is depicted as being a single layer of material. This is,
however, not essential as the balloon wall could be formed of a plurality of layers
of balloon wall material. These layers may have different characteristics and have
different functions.

Figures 2 to 7 show various embodiments of raw balloon tubing. The
balloon raw tubing is a precursor to the medical balloon and is typically inflated in
a mold at high temperature to form the medical balloon. The mold will have
internal walls with a shape equivalent to the desired final shape of the balloon.
Thus, the mold may have a shape equivalent to the balloon shape shown in the
example of Figure 1, or any other balloon shape desired to be formed.

Figures 2 to 4 show an embodiment of raw balloon 50 with ribs 60 which
will form the scoring elements or strengthening elements of the balloon. More
specifically, referring first to Figure 2, this shows in transverse cross-section an
embodiment of raw balloon form 50 which has a tubing portion 52 which will form
the balloon wall once the raw tubing is inflated in a suitable mold. The tubing
portion 52 has an inner surface 54, which forms the inner surface of the balloon,
and an outer surface 56 which will form the outer surface of the balloon. The raw
tubing has a wall thickness d, which will reduce as the raw tube 50 is inflated in the
mold, as the skilled person will be fully aware. The tubing portion 52 could be
made of a single layer of material, as in the example shown, or could be made of a
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plurality of layers of the same material or materials having different constituents
and characteristics.

The raw tubing 50 also includes, in this example, four ribs 60, which extend
lineally along the tubing and are equally spaced circumferentially around the
tubing portion 52, so as to be equidistant from one another. Each rib 60 includes
an apex or pointed extremity 62, which may be uniform along the entire length of
the ribs 60, but which in other embodiments may be non-uniform so as to give the
ribs 60 a non-smooth, for instance a castellated or toothed, form. The ribs 60
each have a base 64 which extends into the thickness of the tubing portion 52, as
will be apparent in particular from Figure 2. As a result of this disposition of the
ribs 60, the outer surface 56 of the tubing portion 52 is discontinuous around the
circumference of the tubing portion 52. In other words, the outer surface of the
balloon raw tubing 50 comprises portions of tubing 52 and the ribs 60.

The base 64 of each rib 60 preferably extends a significant amount into the
thickness d of the tubing portion 52, preferably at least 50% or more of this
thickness. It is preferred also that the base 64 of each rib 60 is curved in the
circumferential direction, as depicted in Figure 2, with a radius of curvature which
approaches the radius curvature of the tubing portion 52 at which the bases 64 are
located. Specifically, in the example shown in Figure 2, the radii of the bases 64
are equivalent to the radius of the tubing portion at the depth of the bases 64. In
other embodiments described below, where the ribs 60 extend all the way to the
inner wall 54, the radii of curvature of the bases 64 will be the same or
substantially the same as the radius curvature of the inner surface 54 of the tubing
portion 52. This assists in ensuring smooth expansion of the balloon raw tubing
50 during the formation of the eventual balloon. It is, however, not essential that
the ribs 60 have the shape shown in Figure 2, in particular their bases 64 may
have different shapes.

Referring now to Figures 3 and 4, these show two examples of
manufactured raw tubing in accordance with the teachings herein. The raw tubing
shown in Figures 3 and 4 are transverse cross-sectional views of an actual
extruded tubing. Referring first to Figure 3, the balloon raw tubing 70 is provided
with a tubing portion 72 having an inner wall surface 74 and an outer wall surface
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76. The raw tubing 70 also includes, as with the example of Figure 2, four ribs 80
which extend longitudinally along the raw tubing and are equidistantly spaced from
one another in the circumferential direction. The ribs 80 include apices 82 at their
extremities and also extend into the depth of the tubing portion 72. In the example
of Figure 3, it can be seen that during extrusion the tubing portion 72 will flow into
the zone or depth 90 of each rib 80. In the example of Figure 3, the ribs 80 are
such that once the raw tubing is inflated to form the balloon, the ribs, which will
form the scoring or cutting elements, will extend into the thickness or depth of the
balloon wall, formed by the tubing portion 76. This will occur as the ribs will tend
to spread during inflation much less than the tubing portion 76 and they will thus
thin less.

The bases 84 of the ribs 80 are, in this example, pointed compared to the
bases 64 of the example of Figure 2.

With reference now to Figure 4, the example of balloon raw tubing 100,
being similar to the raw tubing 70 of Figure 3 and 50 of Figure 2, includes a tubing
portion 102 having inner and outer wall surfaces 104, 106 and ribs 110 which
extend a substantial way into the thickness or depth d of the tubing portion 102
and in this embodiment very close to the inner wall surface 104 of the tubing
portion 102. Again, as with the example of Figure 3, the ribs 110 have apices 112
and bases 114 which are pointed. The ribs 112, which will form the scoring or
cutting elements of the balloon, will extend a substantial way into the depth of the
balloon wall.

Referring now to Figures 5 and 6, these show another example of balloon
raw tubing 120, 140 having similar characteristics to those already described. In
the example of Figure 5, the raw tubing 120 includes a tubing portion 122 having
an inner wall surface 124 and an outer wall surface 126 with a thickness or depth
d. Spaced equidistantly in a circumferential direction are four ribs 130, which
extend longitudinally along the tubing portion 122. Each rib has an apex or point
132 and a base 134 which in this embodiment extends to the inner wall surface
124 of the tubing portion 52. Thus, the ribs 130 extend through the whole
thickness or depth d of the tubing portion 122.
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The example of balloon raw tubing 140 shown in Figure 6 has equivalent
characteristics to the balloon raw tubing 120 of the example in Figure 5 and is a
cross-sectional view of a raw tubing. The raw tubing 140 includes a tubing portion
142 having an inner wall surface 144, an outer wall surface 146 and a thickness or
depth d. The ribs 150 are similar to the ribs of the previously described
embodiments and comprise apices 152 extending along their length and have
bases 154 which extend to the inner wall surface 144 and in other words for the
whole of the thickness or depth d of the tubing portion 142. Figure 6 also shows
that part of the tubing portion 150 will, during the extrusion process, extend into
the zone of the ribs 150 and in particular at the junction 160 with the ribs 150. The
tubing portion 52 may therefore be somewhat thicker at this junction 160, as with
the embodiments of Figures 3 and 4.

Figure 6 also shows zones 170, by the junction 160 between the tubing
portion 142 and the ribs 150, in which the materials or constituents of the tubing
portion 142 and the ribs 150 will to at least a certain extent mix together during the
extrusion process. This can be useful in providing a gradual transition in changes
in material of the balloon raw tubing 140, which can enhance the strength of the
raw tubing and eventual balloon. This occurs particularly when the ribs extend into
the depth of the tubing portion, which enables an amalgamation or mixing of the
materials of these elements of the balloon raw tubing during the extrusion process.

Figure 7 shows an another embodiment of balloon raw tubing 180, which is
similarly provided with a tubing portion 182 having an inner wall surface 184 and
an outer wall surface 186, with a wall depth or thickness d. The raw tubing 180
also includes, in this example, four ribs 190 extending in the longitudinal direction
of the tubing portion 182 and which are provided with apices 190 at their
extremities, which are pointed as in all of the previous embodiments, and bases
194 which in this embodiment extend to the position of the outer wall surface 186
of the tubing portion 182. In other words, the ribs 190 do not extend, in this
example, into the wall of the tubing portion 182. This embodiment is used
particularly for the production of a medical balloon having radiopaque properties
and/or a medical balloon having strengthening elements.
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As explained above, even though the embodiments of Figures 2 to 7 show
four ribs spaced equidistantly in the circumferential direction of the tubing portion,
a different number of ribs may be provided in other embodiments (whether fewer
or more). The ribs need not extend precisely parallel to the longitudinal axis of the
tubing portion but may, as previously explained, have different configurations, for
example helical or any of the other configurations described herein.

The ribs of the embodiments of raw tubing described in connection with
Figures 2 to 7 and similarly in all of the embodiments described herein are
preferably made of materials having different characteristics to the material or
materials of which the tubing portions are made. In one embodiment, for instance,
the ribs are made of a material which has a greater rigidity than the rigidity of the
material or materials forming the tubing portion. In another embodiment, the
material of the ribs has a greater rupture or tear strength than the rupture or tear
strength of the material or materials forming the tubing portion. In yet another
embodiment, the ribs may be formed of or include radiopaque and/or echogenic
material, whereas the tubing portion is formed of a material which is substantially
radio transparent. The ribs may have any one of or any combination of these
characteristics and in the preferred embodiment are made of material with greater
rupture strength, which is radiopaque and which optionally also has greater
rigidity.

It is preferred that the ribs and tubing portions are made from or include
polymer materials and in particular polymer materials which are compatible with
one another. In particular, the ribs and tubing portions are preferably made of
polymer materials which are able to blend and mix with one another without any
noticeable interface or transition point once formed, particularly by extrusion. For
this purpose, the ribs and tubing portions may be made of the same polymer type
or even of the same polymer. Preferably the ribs are made of an amorphous
polymer material, preferably an amorphous polyamide material, and the tubing
portions are made of a polymer material of the same type or even including the
same polymer but which is not amorphous.
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In one embodiment one or the other or both of the materials of the ribs and
tubing portions is provided with an additive, a structural modification and/or a
blend which modifies its characteristics relative to the other material. For instance,
the material forming the ribs may have an additive which increases the rigidity,
rupture strength, radiopacity and/or echogenicity of the material forming the ribs in
comparison with the material or materials of which the tubing portion is made. In
other embodiments, the ribs may be formed of a material which is structurally
modified compared to that of the tubing portions, for example by a greater degree
of cross-linking or other modification which will be apparent to the person skilled in
the art.

In one embodiment, the tubing portion is made of non-amorphous Nylon 12,
and the ribs are made from amorphous Nylon 12. One example of amorphous
Nylon 12 is Grilamid TR55.

Amorphous polymers, in particular amorphous Nylon 12 have been found to
be particularly rigid and easily shaped; they are more rigid that their non-
amorphous counterparts and can easily be shaped by a mould into the desired rib
configuration.

In another embodiment, the tubing portion is made of a polyamide such as
Nylon 12 and the ribs are made of a different or different form of polyamide such
as Nylon 66 or Nylon 6. Nylon 66 and Nylon 6 have a greater rupture strength and
are more rigid than Nylon 12. Being of the same polymer type the tubing portions
and ribs will co-extrude as a unitary material without any weakened transition point
between two materials. It is also preferred, as described above, that the ribs are
formed of a mixture or blend with a radiopaque and/or echogenic material.

In all of the embodiments described and contemplated herein, the
radiopaque and/or echogenic material or additive may be one or more of:
tungsten, gold, platinum, palladium, barium or bismuth. Barium and bismuth are
radiopaque; whereas tungsten, gold, platinum and palladium are both radiopaque
and echogenic. Echogenic materials include PVC and fluoropolymers. These
materials thus can provide good radiopacity, and/or echogenicity, and are
biocompatible. Tungsten is the most preferred material as this has very good
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performance even when used in small amounts. Materials which are solely
echogenic can be seen by fluoroscopy techniques.

It is preferred that the ribs include between 50 and 90% by weight of
radiopaque/echogenic material, more preferably, between 60 and 80% by weight
of radiopaque and/or echogenic material. A layer with 80% of tungsten has been
found to be particularly effective.

In terms of concentration by volume, the radiopaque/echogenic material
may comprise substantially 11.4% to substantially 20.6%, more preferably
substantially 13.7% to substantially 18.3%, most preferably 14.8% to 18.3% by
volume.

It will be apparent that the ribs will preferably be formed form a mix or blend
of radiopaque/echogenic material and polymeric material.

It is also envisaged that the tubing portion may be made of a blend of
polymers, as can the ribs. It is preferred that the polymeric materials of the first
and second materials are the same or of the same type and co-extruded. This
ensures a strong and unitary coupling of the elements to one another, and in
some instances at least a seamless interface between the elements. In another
embodiment, the polymeric materials of the tubing portion and the ribs are
different.

Although some embodiments use Nylon as the core constituent of the
balloon and ribs or scoring/cutting elements, the polymeric material of the ribs and
tubing portions may include one or more of polyamide, polyether block amide
(Pebax), PET, polyethylene and polyurethane.

The ribs may have any of the characteristics mentioned herein.

The raw tubing disclosed herein and exemplified by the embodiments of
Figures 2 to 7 are used to form a medical balloon, as described, by placing the raw
tubing in a suitable mold and then inflating this while heating so that the tubing
expands to form a balloon shape of a type similar to the medical balloon of Figure
1. In so doing, the tubing portions of the raw tubing will expand and stretch, with
the thickness or depth thereof reducing and eventually being the thickness of the
balloon wall. The ribs may also be stretched but typically to a far lesser extent
than the tubing portion, typically as a result of the greater rigidity or strength of the
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material forming the ribs. The base of the ribs will typically remain within the same
relative position in the balloon wall as with the raw tubing and thus, in the preferred
embodiments, be at least partially embedded within the depth of the formed
balloon wall. The ribs can be made to retain their pointed extremities by providing
suitable grooves within the mold surface to receive the ribs and ensure that they
are not flattened during the blowing and heating process. As explained above, it is
preferred that the ribs are flattened at the end cones of the balloon and also the
necks of the balloon, the latter typically being formed of non-inflated raw tubing.
Flattening can be produced within the mold, for instance by ensuring that the mold
surfaces which form the conical end cones of the balloon and the ends of the mold
which withhold the neck portions of the balloon, have smooth internal surfaces
which will act to flatten the ribs during the balloon blowing process. In other
embodiments the ribs could be reduced in height/depth subsequently to blowing
the balloon, for instance by cutting, abrading or etching these. An example
includes laser cutting. As described above, reducing the height of the ribs at the
conical portions of the balloon and at its necks will increase the flexibility of the
balloon, particularly when the balloon is deflated. and will hence increase the
trackability of the balloon for endoluminal delivery purposes.

In some embodiments, as described below, the ribs may be flattened along
the entirety of the length of the balloon.

Other embodiments of raw tubing and blown balloon are shown in Figure 8.
These are just two embodiments from the large variety of embodiments
contemplated herein, as will be apparent from the disclosure as a whole.

Figures 8A and 8B show an embodiment having similar characteristics to
the example of Figure 7, in which a raw tubing 200 has a tubing portion 202 having
an inner wall surface 204 and an outer wall surface 206. Attached to the outer
wall surface 206 and formed preferably by co-extrusion are a plurality of ribs 210
which extend longitudinally along the raw tubing and preferably parallel to the
longitudinal axis of the raw tubing. The ribs 210 (of which there may be four, fewer
or more) are preferably made of a material which has a greater rupture strength
and/or is radiopaque or echogenic. As will be apparent from a comparison of
Figures 8A and 8B, when the raw tubing 200 is blown, that is inflated while being
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heated in a mold, the ribs 210 will flatten (and the tubing portion 202 will stretch
circumferentially and reduce in thickness to a thickness A d, in known manner).
The ribs 210 preferably provide a flattened outer surface which is most preferably
substantially smooth with the outer wall surface 206 of the balloon 202 and most
preferably substantially flush with the outer wall surface. The reader will
appreciate that Figure 8B shows the ribs 210 with a height which is exaggerated
compared to the preferred embodiments described and this is solely for the sake
of clarity of what is depicted in the drawings.

Figures 8C and 8D show another embodiment in which the raw tubing 222,
formed of a tubing portion 222 which forms the balloon wall, has inner and outer
surfaces 224, 226 and a plurality of ribs 230 which include a base extending all the
way to the inner wall surface 224. After blowing in a mold and forming the balloon,
the ribs 230 are flattened in the same way as the ribs 210 of the examples of
Figures 8A and 8B and as described herein.

The various embodiments of raw tubing and balloon disclosed herein
provide a medical balloon with various advantages over the art. For instance,
where the balloon is provided with cutting and scoring elements which extend into
the thickness of the balloon wall, these can provide resistance to or prevention of
circumferential propagation of any tears to the balloon during its use. Specifically,
should the balloon tear during use, for example as the result of plaque in a vessel
wall or the application of too much pressure to the balloon, any such tear would
tend to propagate along the balloon wall. Such a tear could propagate along the
length of the balloon where there is no scoring or cutting element or other
strengthening element arranged cross-wise around the balloon but this would still
ensure the balloon fragments remain attached to the balloon catheter 12. On the
other hand, any tears which propagate circumferentially around the balloon would
eventually come up against the cutting or scoring element and be unable to
propagate beyond this. The cutting or scoring element will therefore stop
circumferential propagation of the tear.

Moreover, having cutting or scoring elements extending into the thickness
of the balloon wall provides greater support to the cutting or scoring elements and

in particular enables these to apply more cutting or scoring pressure to plaque
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within the vessel wall. Cutting or scoring elements which extend all the way to the
inner wall surface of the balloon wall are considered to be particularly effective.

Increased resistance to circumferential tear propagation can also be
achieved with the provision of flattened strengthening elements extending along
the length of the balloon, whether or not such elements act as cutting or scoring
elements for an angioplasty procedure. In such embodiments, as described
herein, the flattening strengthening elements could be disposed on the outside of
the balloon wall and equally could extend into the depth of the balloon wall, either
for the entirety of the thickness of the balloon wall or to be embedded only partially
within its thickness.

The provision of radiopaque material in the cutting/scoring or strengthening
elements enables the balloon to be seen during the medical procedure by
standard imaging techniques. It is particularly advantageous to have the
radiopaque elements formed within a polymer material which is the same as or the
same type, or compatible in terms of blending, as the material from which the
balloon wall is made, which enables the raw tubing to be produced in a single
coextrusion. This is a simpler process and can provide a balloon having better
structural integrity than a balloon made in separate stages with components which
are separately attached to one another.

In embodiments which have the ribs or scoring/cutting elements extending
to the inner wall surface of the balloon, that is which separate the balloon wall
circumferentially through its complete thickness, there may be provided a thin
internal layer to the structure, which is provided specifically to assist in the raw
tube blowing process. The thin internal layer does not provide any significant
structural change to the formed balloon. Such a layer may be made of the same
material as the balloon wall but could equally be made of a different material such
as: Pebax, Nylon 12, PET or similar material.

All optional and preferred features and modifications of the described
embodiments and dependent claims are usable in all aspects of the invention
taught herein. Furthermore, the individual features of the dependent claims, as
well as all optional and preferred features and modifications of the described
embodiments are combinable and interchangeable with one another.
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CLAIMS

1. A medical balloon including a balloon body member made of a first polymer
material having at least one first physical characteristic;

the body member having a balloon wall with a wall thickness and inner and
outer wall surfaces, the body member being disposed between first and second
balloon ends; and

at least one scoring or cutting element extending along the body member
between the first and second balloon ends and having a base extending into the
balloon wall, the at least one scoring or cutting element being made of a second
polymer material having at least one second physical characteristic different from
the at least one first physical characteristic of the first polymer material.

2. A medical balloon according to claim 1, wherein the first and second
polymer materials are of the same polymer type.

3. A medical balloon according to claim 2, wherein the first and second
polymer materials include the same polymer.

4. A medical balloon according to claim 3, wherein one of the first and second
polymer materials includes one of more of: an additive, a structural modification
and a blend, modifying its characteristics relative to the other of the first and
second polymer materials.

5. A medical balloon according to any preceding claim wherein the balloon
body member and the at least one scoring or cutting element are coextruded.

6. A medical balloon according to any preceding claim, wherein the base of
the at least one scoring or cutting element extends into the balloon wall by at least
50 percent of the thickness of the balloon wall.
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7. A medical balloon according to any preceding claim, wherein the base of
the at least one scoring or cutting element extends into the balloon wall for
substantially the entire thickness of the balloon wall.

8. A medical balloon according to any preceding claim, wherein the base of
the at least one scoring or cutting element extends to the inner wall surface of the
balloon wall.

9. A medical balloon according to any preceding claim, wherein the second
polymer material has a greater rigidity than a rigidity of the first polymer material.

10. A medical balloon according to any preceding claim, wherein the second
polymer material has a greater rupture strength than a rupture strength of the first

polymer material.

11. A medical balloon according to any preceding claim, wherein the second

material is amorphous.

12. A medical balloon according to any preceding claim, wherein the first and
second materials include Nylon, preferably Nylon 12.

13. A medical balloon according to any preceding claim, wherein the second

polymer material is or includes radiopaque or echogenic material.

14. A medical balloon according to claim 13, wherein the second polymer
material includes between 50 and 90% by weight of radiopaque or echogenic

material.

15. A medical balloon according to claim 13, wherein the second polymer
material includes between 60 and 80% by weight of radiopaque or echogenic

malterial.
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16. A medical balloon according to claim 13, wherein the second polymer
material includes substantially 65% or 80% by weight of radiopaque or echogenic

material.

17. A medical balloon according to any one of claims 13 to 16, wherein the
second polymer material includes a mix or blend of radiopaque or echogenic

material and polymeric material.

18. A medical balloon according to any preceding claim, wherein the second
polymer material includes at least one of: tungsten, gold, platinum, palladium,

barium or bismuth.

19. A medical balloon according to any preceding claim, including a plurality of

said scoring or cutting elements.

20. A medical balloon according to claim 19, wherein the scoring or cutting
elements are spaced from one another circumferentially around the balloon body

member.

21. A medical balloon according to any preceding claim, wherein the at least
one scoring or cutting element extends generally linearly between the first and
second ends.

22. A medical balloon according to any preceding claim, wherein the at least
one scoring or cutting element extends along the first and second ends of the
balloon and is flattened at the first and second ends.

23. A medical balloon including a balloon body member made of a first polymer
material; the body member being disposed between first and second balloon ends
and having a balloon wall with a wall thickness and inner and outer wall surfaces,

the outer wall surface being generally rounded in a circumferential direction of the
body member; and
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at least one elongate element extending between the first and second ends
of the balloon body member, the at least one elongate element being made of a
second polymer material having a greater rupture strength compared to a rupture
strength of the first polymer material, and wherein the at least one elongate

element has a flattened outer surface.

24. A medical balloon according to claim 23, wherein the at least one elongate
element has an outer surface substantially smooth with the outer wall surface of

the balloon body member.

25. A medical balloon according to claim 23 or 24, wherein the at least one
elongate element has an outer surface substantially flush with the outer wall

surface of the balloon body member.

26. A medical balloon according to any one of claims 23 to 25, wherein the at
least one elongate element has a base extending into the balloon wall.

27. A medical balloon according to claim 26, wherein the base of the at least
one elongate element extends into the balloon wall:

by at least 50 percent of the thickness of the balloon wall;

for substantially the entire thickness of the balloon wall; or

to the inner wall surface of the balloon wall.

28. A medical balloon according to any one of claims 23 to 27, wherein the
second polymer material has a greater rigidity than a rigidity of the first polymer

material.

29. A medical balloon according to any one of claims 23 to 28, wherein the first

and second polymer materials are of the same polymer type.

30. A medical balloon according to claim 29, wherein the first and second
polymer materials include the same polymer.
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31. A medical balloon according to claim 30 wherein one of the first and second
polymer materials includes one of more of: an additive, a structural modification
and a blend, modifying its characteristics relative to the other of the first and
second polymer materials.

32. A medical balloon according to any one of claims 23 to 31, wherein the

second material is amorphous.

33. A medical balloon according to any of claims 23 to 32, which the first and
second materials include Nylon, preferably Nylon 12.

34. A medical balloon according to any of claims 23 to 33 wherein the at least one

elongate element and the balloon body member are co-extruded.

35. A medical balloon according to any one of claims 23 to 34, wherein the

second polymer material is or includes radiopaque or echogenic material.

36. A medical balloon according to any one of claims 23 to 35, including a
plurality of said elongate elements, said elements being spaced from one another
circumferentially around the balloon body member.

37. A medical balloon including a balloon body member made of a first polymer
material and being substantially radiolucent;

the body member having a balloon wall with a wall thickness and inner and
outer wall surfaces, the body member being disposed between first and second
balloon ends; and

at least one scoring or cutting element extending along the body member
between the first and second balloon ends, the at least one scoring or cutting
element being made of a second polymer material being or including a radiopaque

or echogenic material.
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38. A medical balloon according to claim 37, wherein the second polymer
material includes at least one of: tungsten, gold, platinum, palladium, barium or

bismuth.

39. A medical balloon according to claim 37 or 38, wherein the second polymer
material includes between 50 and 90% by weight of radiopaque or echogenic

material.
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