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MULTILAYER MEDICAL BALLOON

FIELD OF THE INVENTION
The present invention relates to the field of expandable medical balloons,
particularly those balloons employed for dilatation and for the delivery of medical

devices.

BACKGROUND OF THE INVENTION

Expandable medical balloons are employed 1n a variety of medical
procedures including plain old balloon angioplasty (POBA) as well as for delivery of
medical devices to the treatment site such as stent delivery.

Medical applications wherein a balloon 1s employed intraluminally such
as for POBA and stent delivery can be demanding applications due to the extremely
small vessels, and the tortuous and long distances the catheter may travel to the
trcatment site. For such applications, 1t 1s typically desirable that the balloon be thin
walled, while maintaining high strength as most commonly measured by hoop strength
or pressure at burst, be relatively inelastic, and have predictable inflation properties.

Inclasticity 1s desirable to allow for easy control of the diameter, but
some elasticity 18 desirable to enable the surgeon to vary the balloon's diameter as
required to treat mmdividual lesions. Suitably, small variations 1n pressure should not
cause wide variation in balloon diameter.

It can be difficult to achieve an excellent balance of properties with a
single polymer material. Therefore, a variety of polymer blends and multiple layer

polymer balloons have been developed over the years.

PCT/US2009/052547
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There remains a need 1n the art, however, for an expandable medical
balloon having an excellent balance of physical properties.

Without limiting the scope of the invention a brief summary of some of
the claimed embodiments of the invention 1s set forth below. Additional details of the
summarized embodiments of the invention and/or additional embodiments of the

invention may be found 1n the Detailed Description of the Invention below.

SUMMARY OF THE INVENTION

In one aspect, the present invention relates to an expandable medical
balloon having at least two layers, an inner layer formed from a softer, elastic material,
and an outer layer formed from a harder, less elastic material.

In one aspect, the present invention relates to an expandable medical
balloon having an inner layer formed of a polymer material having a Shore D hardness
of about 25 to about 70 and an outer layer formed of a polymer material having a
Rockwell hardness of about 60 to about 115, the expandable medical balloon having a
burst strength of greater than 45,000 ps1, more suitably greater than 47,500 ps1 and most
suitably greater than 50,000 psi.

In one embodiment, the present invention relates to an expandable
medical balloon including an iner layer formed of a poly(ether-block-amide)
copolymer and an outer layer formed of a polyamide, the expandable medical balloon
having a burst strength of greater than 45,000 ps1, more suitably greater than 47,500 psi
and most suitably greater than 50,000 psi.

In another aspect, the present invention relates to a method of making an
expandable medical balloon, the method including forming a tubular parison, the tubular

parison including an mner layer formed of a poly(ether-block-amide) copolymer and an
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outer layer formed from a polyamide, stretching said tubular parison at a stretch ratio of
less than 4.0, radially expanding said tubular parison in a balloon mold and heat setting
said balloon at a temperature of less than 150° C.

A synergistic increase 1n hoop strength has been exhibited with the dual
layer balloons according to the invention.

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

Detailed Description and Claims to follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a table including a comparison of Rockwell hardness scale,
Shore A hardness scale and Shore D hardness scale.

FIG. 2 1s a longitudinal cross-section of a balloon having a dual-layer
coating according to the mnvention

FIG. 3 1s a radial cross-section taken at section 3-3 1n FIG. 2.

FIG. 4 1s a longitudinal cross-section of a catheter assembly equipped
with a balloon according to the invention.

FIG. 5 1s a side view of an expandable medical balloon with a stent

disposed thereon.

DETAILED DESCRIPTION OF THE INVENTION

While this invention may be embodied in many different forms, there are
described 1n detail herein specific embodiments of the invention. This description 1s an
exemplification of the principles of the invention and 18 not intended to limit the

invention to the particular embodiments illustrated.
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The present invention feIates to an expandable medical balloon having at
least two layers, an inner softer, more elastic layer, and an outer harder, less elastic
layer. Suitably, the softer, more elastic inner layer is formed from a matertal which also
has a lower tensile set (see ASTM D412). This lower tensile set material forming thé

inner layer provides for improved refoldability making withdrawal casier after a

procedure 1s complete.

Suitably, the shore D hardness of the inner layer is less than about 75D,
more suitably less than about 70D, with a range of about 25D to about 75D, more
suitably about 25D to about 70D. In some embodiments, the range is about 50D to

about 75D, more suitably 50D to about 70D.

Suitably, the outer layer 1s harder than the inner layer. The outer layer
may have a Rockwell hardness between about 60 and about 115, more suitably about 70
to about 1135, and most suitably about 80 to about 115, although this range may vary.
The Shore D hardness (ASTM D2240) of the outer layer is suitably greater than about
70D, more suitably greater than about 75D, and most suitably greater than about 80D. A
comparison of Shore A, Shore D and Rockwell hardness is shown in FIG. [. As can be
seen from the scale, nylon has a Shore D harness of 80 or greater and a Rockwell

hardness of greater than about 95. These numbers are approximated from the scale.

In one embodiment, the inner layer is a poly(ether-block-amide) and the
outer layer is nylon. In a preferred embodiment, the outer layer is nylon 12, formed
from laurolactam. Nylon 12 is available from Degussa-Hiils AG, North America under
the tradename of Vestamid® L2101F. Degussa’s national headquarters are located in
Diisseldort, Germany. Nylon 12 is available from a variety of polymer manufacturers.
Poly(ether-block-amide copolymers are available from Arkema, North America under

the tradename of Pebax®. Arkema’s headquarters are located in Philadelphia, PA.
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Specific grades of Pebax® useful herein include, but are not limited to, 6333 and 7033,

with 7033 being preferred.

In a preferred embodiment, the balloon is formed with only the inner and

outer layer as described herein. The inner layer provides at least 10%, and in some

embodiments at least 20% of the burst strength of the balloon. Optionally, a lubricious

coating may be disposed on the outer layer. The lubricious coating does not provide

structural integrity to the balloon.

Shore D hardness values of PEBAX® 6333, 7033 and 7233 are

reproduced below in table 1. The standard used for these measurements was [SO 868,

which is equivalent to ASTM standard D2240.
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Other materials such as polyurethane ¢lastomers, for example

Tecothane® polyurethanes available from Noveon, Inc. in Cleveland, OH, find utility
for use as the inner, softer layer. A specific example is Tecothane® TT-1074A.

The resultant balloons suitably have a burst pressure of greater than about
400 psi, more suitably greater than about 450 psi, or a calculated burst strength of
greater than 45,000 pst, more suitably greater than 47,500 psi and most suitably greater
than 50,000 psi. Burst strength is sometimes referred to in the art as hoop strength or
radial tensile strength.

The balloon may be tormed using any suitable method known in the art.
In some embodiments, the method suitably includes forming a tubular parison,
stretching the tubular parison, placing the balloon parison in a balloon mold, and
torming a balloon by radially expanding the tubular parison into the balloon mold. The
balloon is then heat set. Balloon forming with stretching and radial expansion is
disclosed in U.S. Patent Nos. 5,913,861, 5,643,279 and 5,948,345, and in commonly
assigned U.S. Patent Nos. 6,946,092 and 7,1010,597.

The tubular parison may be formed using coextrusion techniques. The

tubular parison may have two layers including a soft inner layer and a harder outer {ayer,

or may have alternating soft and hard layers. For example, layers I, 3 and 5 (with |

being the innermost layer of the balloon) are formed from the flexible, softer layer,
while layers 2, 4 and 6 are formed of the harder, higher strength polymer material.

Alternatively, the softer, more flexible inner layer can be coated either on
the balloon parison, or on the balloon itself after it has been formed from the balloon

parison. Coating can be accomplished out of a solvent or solvent blend. The coating

can be injected into the tubular parison or balloon, for example.
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In some embodiments, 1t may be desirable for the waist portion of the
balloon to be formed of only a single layer. The waist can be masked with an inserted
tube, or cleaned after application of the coating.

Suitably, the tubular parison 1s axially (longitudinally) stretched using a
stretching ratio of less than 4.0X where X 1s the starting length of the tubular parison. In
one specific embodiment, the method includes stretching the balloon parison at a ratio of
3.50X wherein X 1s the starting length of the tubular parison.

At a stretch ratio of significantly more than this, for example, at a stretch
ratio of 4.25, a decrease 1n balloon burst pressure of more than 20% was observed, and
the corresponding decrease 1n calculated burst strength was greater than 10%.

The balloon can then be formed from the tubular parison using any
suitable technique including molding. Using molding techniques, the tubular parison
can be placed into a mold and radially expanded. Molding pressures may range between
about 500 ps1 and about 600 psi.

Suitably, the balloon 1s heat set at a temperature of about 150° C or less.
In some embodiments, the heat set temperature 1s about 125° C or less. In a specific
embodiment, the balloon 1s heat set at 120° C. It has been found that using a
temperature for heat setting that 1s significantly higher than this, negatively impacts the
ultimate burst strength of the balloon. For example, at a heat set temperature of 140° C,
the burst pressure was found to decrease by more than 15% over the same balloon
formed at 120 °C, and the corresponding decrease 1n burst strength was more than 10%.

The resultant balloons, for example, those used for cardiovascular
procedures, suitably have a wall thickness of between about 10 microns and about 30

microns, and even more suitably about 10 microns to about 20 microns.
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Turning now to the figures, FIG. 2 1s a longitudinal cross-sectional

representation of a balloon 10 according to the invention. Balloon 10 is shown with dual
layers having an inner layer 12 and an outer layer 14 in accordance with the invention.
FI1G. 3 1s a radial cross-section taken at section 3-3 in FIG. 2.

5 The balloon can turther include a lubricious coating (not shown). The
lubricious coating may be applied to the balloon waists 16, 18, balloon cones, 17, 19 and
balloon body 21, or any portion thereof. Suitably, lubricious coatings are applied at a

thickness of about 0.1 microns to about 5.0 microns, more suitably about 0.5 microns to

about 2.0 microns.

{0 Any suitable lubricious material may be employed in the lubricious
coating. Such lubricious coatings are known in the art. Examples of materials that can
be used in the lubrictous coatings include both thermoplastic and thermoset materials.
The lubricious polymers can be either hydrophobic or hydrophilic. Hydrophilic
materials are often preferred because they are typically more biocompatible. Lubricious

15  coatings are disclosed in commonly assigned U.S. Patent No. 5,509,899.

Interpenetrating polymer networks can also be employed. These

materials are described, for example, in commonly assigned U.S. Patent No. 5,693,034,

Coatings for the controlled delivery of therapeutic agents may also be

optionally added.

20 FI1G. 4 1s a longitudinal cross-section of a catheter assembly 20 equipped

with a balloon 10 according to the invention. Catheter assembly 20 1s a dual-lumen

catheter having an inner shaft 22 and an outer shaft 24. Inner shaft 22 has an inner
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surface 23 defining a guide wire lumen 26. Guide wire 28 18 shown disposed within
lumen 26.

Proximal waist 16 of balloon 10 1s disposed about the distal end of outer
shaft 24 and distal waist 18 of balloon 10 1s disposed about the distal end of inner shaft
22.

The assembly may further incorporate a stent 30 disposed about balloon
10 as shown 1n FIG. 5. In the case of stent delivery application, 1t may be desirable to
have a lubricious coating applied to only the waist portions 16, 18, cone portions 17, 19,
or a combination of the waist and cone portions.

The balloons described herein may be employed 1n any of a variety of
medical procedures including, but not limited to, angioplasty (PTCA) procedures, for
delivery of medical devices such as stents (SDS), genito-urimary procedures, biliary
procedures, neurological procedures, peripheral vascular procedures, renal procedures,
ctc.

The following non-limiting examples further illustrate some aspects of

the present invention.

EXAMPLES

Example 1

Vestamid L2101F and Pebax 7033 were coextruded axially into the
tubing of ID 0.0196 by OD 0.0348 mches. The outer layer was Vestamid L2101F with
70% of cross section area (material ratio) and the mner layer was Pebax 7033 with 30%
of cross section area (material ratio). The tube was stretched at the speed of S0 mm/sec
at 45°C temperature with the inside pressure of 400 psi at a stretch ratio of 3.50. The

stretched tube was inserted into a 0.1260 inch balloon mold (inner diameter or ID or

PCT/US2009/052547
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balloon mold), and a balloon was formed at 95°C and heat set right after formation at
120°C for 1 minute. The balloon forming pressure was 500 psi.

The average balloon burst at 465 ps1 (31.6 atm) (burst pressure) with the
average double wall thickness of 0.00114 inches. The average distention of the balloon
was 5.8% at 6/16 atm range. The average balloon diameter was 3.3024 mm.

Burst strength 1s calculated using the following formula:

Strength = P x D/2t
where P = internal pressure when the balloon bursts (kg/cm®) (psi); D is the exterior
diameter (mm) of the balloon when a pressure of 6.2 kg/cm” (88 psi) is applied; and t is
the wall thickness of the portion of the balloon with the larger exterior diameter.

The calculated burst strength was 53,033 psi.

Hoop ratio can also be calculated using the following formula:

ID (BM)/(OD —ID) x (In (OD/ID) = Hoop Ratio
ID (BM) 1s the mnner diameter of the balloon mold and OD and ID are the outer diameter
and the inner diameter of the tubular parison respectively.

For example 1, the hoop ratio 18 4.758.

Comparative Example A

For comparison, the same material ratio was used as described in the
above example but with opposite material arrangement, 1.¢., the softer material outside.
In this example, Vestamid L2101F 1s inner layer (70% 1n material ratio) and Pebax 7033
was outer layer (30% 1 the ratio). The same dimension tubing was extruded and the
same size balloon was formed per balloon forming process described in the above

example.

10
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The tube was axially stretched at the speed of 50 mm/sec at 45°C
temperature with the inside pressure of 400 ps1 at a stretch ratio of 3.50. The stretch
ratio 18 based on the starting length of the tube, X. In other words, the stretch ratio 1s
3.50X. The stretched tube was nserted mto a 0.1260 mches balloon mold, and a balloon
was formed at 95°C and heated set right after formed at 120°C for 1 minute. The
balloon forming pressure was 500 psi.

The balloon burst at 386 psi1 (26.3 atm, 1n average) (burst pressure) with
the average double wall thickness of 0.00108 inches. The distention of the balloon was
6.7% at 6/16 atm range. The average balloon diameter was 3.360 mm.

The calculated burst strength was 47,280 psi.

Comparative Example B

The same 1nner and outer layers were employed as in Example 1 but a
different tubing stretch ratio was employed.

The tube was axially stretched at the speed of 50 mm/sec at 45°C
temperature with the mside pressure of 400 psi at stretch ratio ot 4.25. The stretched

tube was nserted into a 0.1260 inches balloon mold, and a balloon was formed at 95°C

and heat set right after formed at 120°C for 1 minute. The balloon forming pressure was
600 psi.

The average balloon burst at 366 ps1 (24.9 atm) with the average double
wall thickness 0of 0.00103 inches. The average distention of the balloon was 6.0% at
6/16 atm range. The average balloon diameter was 3.3505 mm.

The calculated burst strength was 46,872 psi.

Comparative Example C

The same 1nner and outer layers were employed as in Example 1 but a

different heat set temperature was employed.

11
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The tube was stretched at the speed of 50 mm/sec at 45°C temperature
with the 1nside pressure of 400 psi at stretch ratio of 3.50 (the same stretch ratio as in

example 1). The stretched tube was inserted 1nto a 0.1260 mches balloon mold, and a
balloon was formed at 95°C and heat set right after formed at 140°C for 1 minute. The

balloon forming pressure was 500 psi.

The average balloon burst at 391 ps1 (26.6 atm) (burst pressure) with the
average double wall thickness of 0.00113 inches. The average distention of the balloon
was 6.8% at 6/16 atm range. The average balloon diameter was 3.362 mm.

The calculated burst strength was 45,802 psi.

Increasing the heat set temperature to 140° C, was therefore found to
have a negative impact on the burst pressure wherein a decrease of greater than 15% was
seen over example 1. The corresponding drop 1n calculated burst strength was found to
be greater than 10% over example 1.

The above disclosure 1s intended to be 1llustrative and not exhaustive.
This description will suggest many variations and alternatives to one of ordinary skill in
this art. The various elements shown 1n the individual figures and described above may

be combined or moditied for combination as desired.

12
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An expandable medical balloon comprising:
an 1nner layer formed of a poly(ether-block-amidc) copolymer; and
an outer layer formed of a polyamide;

the expandable medical balloon having a calculated burst strength of greater than 45,000

psl.

2. The expandable medical balloon of claim 1, wherein said calculated burst

strength 1s greater than 47,500 psi.

3. The expandable medical balloon of claim 1, wherein said calculated burst

strength 1s greater than 50,000 psi.

4. The expandable medical balloon of claim 1, wherein said polyamide is formed

from laurolactam.

S. The expandable medical balloon of claim 1, wherein said inner layer has a Shore

D hardness of about 25D to about 70D.

0. The expandable medical balloon of claim 1, wherein said outer layer has a

Rockwell hardness of about 60 to about 115.

7. The cxpandable medical balloon of claim 1, further comprising a lubricious

coating on at least a portion of the outer layer.

8. The expandable medical balloon of claim 1, wherein said balloon has a wall

thickness of about 10 microns to about 30 microns.

13



CA 02735840 2016-11-28

9. The expandable medical balloon of claim 8, furthcr comprising a lubricious

coating on at least a portion of the outer layer, said lubricious coating having a thickness

of about 0.1 microns to about 2 microns.

10.  The cxpandable medical balloon of claim 9, said lubricious coating having a

5 thickness of about 0.5 to about 1 micron.

11. The expandablc medical balloon of claim 1, wherein said 1nner layer provides at

least about 10% of the calculated burst strength of the resultant balloon.

12. The expandable medical balloon of claim 1, wherein said balloon comprises
waist portions, cone portions and a body portion, said conc portions and said body

10 portions comprise said inncr and outer layer.

13. A method of making an expandable medical balloon, the method comprising:
forming a tubular parison, the tubular parison comprising an inner layer formed
of a poly(ether-block-amide) copolymer and an outer layer formed from a polyamide;

longitudinally stretching said tubular parison at a stretch ratio of less than 4.0;

15 and
radially expanding said tubular parison in a balloon mold.
14. The method of claim 13, wherein said polyamide is formed from laurolactam.
15. The mcthod of claim 13, further comprising heat sctting said balloon at a

temperaturc ot less than about 150° C.

20 16.  The method of claim 15, wherein said heat set temperature was about 120° C.

17. The mcthod of claim 13, wherein said stretch ratio is about 3.5 or less.

14
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18. The method of claim 13, further comprising the step of applying a lubricious

coating to at least a portion of said outer layer.

19. The method of claim 18, wherein said lubricious coating is applied by a method
selected from the group consisting of dipping, spraying, brushing, sponge coating, and

pad printing.

20). The method of claim 13, wherein said balloon mold is at a pressure of about 500

psi to about 600 psi.

21. The method of claim 13, wherein a radial cross-section of said tubular parison
comprises a matcrial ratio of about 70% to about 30% based on the outer layer to the

inner layer.

22.  An expandable medical balloon comprising:
an 1nner layer formed of a polymer material having a Shore D hardness of about

25 to about 70: and

an outer layer formed of a polymer material having a Rockwell hardness of about

60 to about 115:

the expandable medical balloon having a calculated burst strength of greater than

45,000 psi.

23. The expandable medical balloon of claim 22, wherein the calculated burst

strength 1s greater than 47,500 psi.

24.  The expandable mcdical balloon of claim 22, wherein the calculated burst

strength is greater than 50,000 psi.
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25.  The expandable medical balloon of claim 22, wherein said inner layer is formed

of a polymer material having a Shore D hardness of about 50 to about 70.

26.  The cxpandable medical balloon of claim 22, wherein said inner layer provides at

least about 10% of the calculated burst strength of the resultant balloon.

27.  An expandable medical balloon comprising:
an 1nner layer formed of a poly(ether-block-amide) copolymer; and
an outer layer formed of a polyamide;
the expandable medical balloon having a diameter of about 3.3 mm and a calculated

burst strength of greater than 45,000 psi.

28. The expandable medical balloon of claim 27, whercin said calculated burst

strength 1s greater than 47,500 psi.

29.  The expandable medical balloon of claim 27, wherein said calculated burst

strength 1s greater than 50,000 psi.

30.  The expandable medical balloon of claim 27, wherein said polyamide is formed

from laurolactam.

31. The expandable medical balloon of claim 27, wherein said inner layer has a

Shorec D hardncss of about 25D to about 70D.

32. The expandable medical balloon of claim 27, wherein said outer layer has a

Rockwell hardness of about 60 to about 115.

33.  The expandable medical balloon of claim 27, further comprising a lubricious

coating on at least a portion of the outer layer.
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34. The expandable medical balloon of claim 27, wherein said wall thickness of said

balloon is about 10 microns to about 30 microns.

35. The expandable medical balloon of claim 34, further comprising a lubricious
coating on at least a portion of the outer layer, said lubricious coating having a thickness

of about 0.1 microns to about 2 microns.

36.  The expandable medical balloon of claim 35, said lubricious coating having a

thickness of about 0.5 to about 1 micron.

37. The expandable mcdical balloon of claim 27, whercin said inner layer provides at

least about 10% of the calculated burst strength of the resultant balloon.

38. The expandable medical balloon of claim 27, wherein said balloon comprises
waist portions, cone portions and a body portion, said cone portions and said body

portions comprise satd inner and outer layecr.

39.  An expandablec medical balloon comprising:

an 1nner layer formed of a poly(ether-block-amide) copolymer; and

an outer layer formed of a polyamide;

the 1nner layer 1s about 30% of the material arca in cross-scction and the outer
layer 1s about 70% of the material arca in cross-section of the balloon and the balloon

having a calculated burst strength of greater than 45,000 psi.
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