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Cross-linked polymers in medical devices

Field of the invention
The present invention refers to medical devices comprising cross-linked modified
polyamides especially to stent carrying balloon catheters, for use in angioplasty and

other procedures of vessel repair.

Background of the invention

Angioplasty is an efficient and successful method of opening stenosis in the
vascular system. In a popular form of angioplasty, a balloon catheter is advanced
through the vascular system until the balloon, which is carried at the distal end of a
catheter shaft, and which may carry an expandable stent, is positioned across the
stenosis or damaged vessel. By inflating the balloon pressure is applied to the
obstruction which is moved by pressing it against the inner wall of the vessel,
whereby the vessel is opened for improved flow. Due to the expansion of the
balloon, the stent, which — if used — is situated on the balloon, is also expanded for
aiding in repairing the vessel wall and hindering obstruction. As a last step the stent
is then released by deflating the balloon reducing its circumference until refolding of
the balloon occurs followed by removal of the balloon and catheter from the vessel.

There are various types of balloon catheters. One type is fed over a guide wire (i.e.,
“over-the-wire” catheters) and another type serves as its own guide wire (“fixed —
wire” catheters). There have been developments of variations of these two basic
types: the so-called “rapid exchange® type, “innerless” catheters, and others. The
term “balloon catheter” as defined in this invention is meant to include all the various
types of angioplasty catheters which carry a balloon for performing angioplasty and
any other type of stent carrying balloon catheter. Balloon catheters also have a wide
variety of inner structure, such as different lumen design, of which there are at least
three basic types: triple lumen, dual lumen and co-axial lumen. All these varieties of
internal structure and design variations are included in the definition “balloon

catheter” herein.
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If a balloon catheter is used in percutaneous transluminal angioplasty (PTA) or
percutaneous transluminal coronary angioplasty (PTCA), it is typically advanced
through a guide catheter to a preselected vessel location, such as the aorta, for
example. Using fluoroscopy, the surgeon advances the catheter until the balloon is
located across the stenosis or obstruction. This may involve the use of a guide wire
over which the catheter is moved or alternatively the catheter may act as its own

guide wire.

Polyamides or polyamide elastomers have been used in the polymer industry for a
long time and — due to their enormous range of possible applications — are found in
many branches of industrial products. Recently in the area of medicinal devices
good use has been made of these materials especially in devices/implants like the
balloons on a balloon catheter. The most popular polyamides used include different
sorts of Nylons or Copolymers such as PEBA. Even though these materials have
certainly been used successfully, due to the strains put on the materials and the
necessity to improve their characteristics in the light of growing experience coming
from increasing numbers of treated patients, there clearly is a need for improved
materials allowing for an effective treatment of the patient minimizing risks,

preferably with an economical production process.

With the focus of this invention on balloon material for balloon catheters one of the
main parameters of a balloon is compliance, the change of the balloon diameter
with rising inflation pressure; as used herein three categories are being identified:

> Non-compliant (NC)  with a diameter increase of up to 0.55% per bar;

> Semi-compliant (SC) with a diameter increase of between 0.55 to 0.8 %

per bar;

» Compliant with a diameter increase over 0.8 % per bar

as the balloon is pressurized from an inflation pressure between the nominal

pressure and rated burst pressure.

While a certain level of compliance is needed to allow the compression of the
arterio-sclerotic plaque in a vessel, an amount of pressure expressed on the

stenosis as executed by a more non-compliant balloon is also needed. As also
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semi-compliant and compliant balloons are more prone to failure during PTA or
PTCA and also “dog-boning”, an inflation of the balloon outside the stenotic area of
the vessel resulting sometimes in devastating stress on the healthy part of the

vessel, mostly a more non-compliant parameter is wanted.

Additional attributes wanted in medical balloons are dimensional stability in balloon
material as this allows for a safe use e.g. in PTA or PTCA as the balloon keeps his
form and also — for certain uses a low difference in dimension and compliance
between a first and a second inflation of the balloon, as well as a reduced creeping

behavior during balloon inflation.

Summary of the invention

It is an object of the current invention to provide new medical devices using
polymers showing the attributes wanted in their specific area of use. As the special
focus of this invention is on the search for new materials to be used in medical
balloons for balloon catheters used in PTA (percutaneous transluminal angioplasty)
or PTCA (Percutaneous transluminal coronary angioplasty) a material with suitable
compliance (most preferably being easily adapted by choosing reaction conditions
when producing the polymeric material) needs to be identified, which preferably also
show other wanted attributes like increased dimensional stability, a low difference in
dimension and compliance between a first and a second inflation of the balloon, as

well as reduced creeping behavior during balloon inflation.

The invention thus refers to a medical device comprising a cross-linked modified
polyamide, especially to a balloon attached to a balloon catheter like those used in
PTA/PTCA/angioplastic applications. Medical devices, especially medical balloons
constructed from this cross-linked modified polyamides, especially if cross-linked
after forming the balloon do show reduced creeping behavior during balloon
inflation, and therefore also show an increased dimensional stability. Furthermore
these materials show a linear compliance a low difference between a first and a
second inflation of the balloon, with advantageously also the slope of the

compliance curve is being easily adjustable by changing the cross-linking density



10

15

20

25

30

WO 2009/080323 PCT/EP2008/010949

4

(either by choosing the appropriate amount of cross-linking compounds or by

adapting the energy used for curing/cross-linking).

Detailed Description of the invention

The use of stents, balloons, catheters and other medical devices etc. in minimal
invasive surgery, especially in the cardiovascular field, has in the last years shown a
high growth. As a consequence the need for useful materials fulfilling highly
specialized needs in the field of different medicinal devices has clearly risen in a
technical area, which traditionally is more governed by bulk products. Especially in
the field of vascular balloons there was a clear desire for an elastomer, which is on
one hand flexible enough to be introduced into a vascular environment without
causing damage, while on the other hand being stable and rigid enough, especially
in the moment of actual surgery, inflation in the vessel, to not be extended too much
inside the vessel. Especially a suitable compliance, the change of the balloon
diameter with rising inflation pressure, especially with a flat rise in the compliance

curve (pressure/diameter) is needed.

There are 3 kinds of material used nowadays for medical devices, especially

balloons.

a) Nylon: Nylon, coming in different sorts, especially Nylon-12, are not very
flexible and/or have a relatively high water absorption. Especially the lack of
flexibility is often considered as a drawback in medical devices using Nylon.

b) PEBA: PEBA (e.g. PEBAX®) are often too flexible and/or have a relatively
high water absorption In addition PEBA lacks stability, especially in regards
to the thermo-oxidation and/or sometimes also lack dimensional stability.

¢) Blend of a) and b): The need for a compromise between the higher rigidity of
Nylon and higher flexibility of PEBA has already resulted in blends being
used. A disadvantage of blends is that the phases tend to show phase

separation that leads to unstable morphology.
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None of these materials does show an optimal behavior, especially if used in
medical balloons, e.g. they show differences between first and second inflation, so
that still there is a high need for appropriate material for medical devices, especially

for medical balloons.

The invention thus refers to a medical device comprising a cross-linked modified
polyamide. Thereby it is preferred if the medical device according to the invention is
selected from implanted or implantable medical devices, preferably balloon/bailloon
material, stents, stent grafts, grafts, graft connectors or catheters, most preferably
is a balloon/balloon material. Most desirably the medical device according to the
invention is a balloon attached to a balloon catheter, like a catheter for angioplastic
applications like PTA or PTCA.

These medical devices, especially medical balloons constructed from these cross-
linked modified polyamides - especially if cross-linked after forming the balloon - do
show reduced creeping behavior during balloon inflation, and therefore also show
an increased dimensional stability. Furthermore these materials show a linear
compliance a low difference between a first and a second inflation of the balioon,
with advantageously also the slope of the compliance curve is being easily
adjustable by changing the cross-linking density (either by choosing the appropriate
amount of cross-linking compounds or by adapting the energy used for

curing/cross-linking).

"Modified polyamides” is defined herein as polyamides, e.g. like Nylon, like Nylon
12, having been modified by reaction with a crosslink-reactive compound.

A “crosslink-reactive compound “ is a compound containing at least one reactive
site, allowing cross-linking or reaction with cross-linkers, like e.g. mono- or
bifunctional crosslink reactive compounds or e.g. TAIC. Usually bifunctional
substances will be introduced either at the end of the polymer chain or in its
backbone as described by Hartkopf et al. (Angew. Makromol. Chem. 169 (1989)
193-209) included herein by reference.
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In the context of this invention a “reactive site allowing cross-linking or reaction with
cross-linkers” is defined as a reactive site in a molecule that either by itself or by
reaction with a cross-linker (a cross-linking agent) allows the cross-linking between
two polyamide chains (see below). A highly popular example of such a reactive site
is a C=C double bond being introduced by the modification (see above) into a
polyamide chain. Another example is/are the reactive double bonds in TAIC.

In the context of this invention “functional” is defined as showing functional groups.
Accordingly a “mono- or bifunctional compound” has one or two “functional groups”.
“Functional group” is defined as a chemical substituent bound to a block/segment of
a polymer allowing the coupling (covalent binding) of this block/segment of polymer
to another block (segment) of polymer or to a coupling reagent/linker. Examples of
functional groups include epoxides, OH, COOH, NH,, or others.

"Cross-linked polyamides” is defined as polyamides, e.g. like Nylon (e.g. Nylon 12),
in which the linear chains out of which the polyamides are build, are cross-
connected to each other. Thus, at least one polyamide chain is cross-connected
(chemically bound) to at least one other polyamide chain in at least one position,
allowing also for more bounds between the same polyamide chain and between

more than 2 chains.

According to the two definitions given above "cross-linked modified polyamides” is
defined as “modified polyamides”, e.g. like modified Nylon (e.g. modified Nylon 12),
in which the linear chains out of which the polyamides are build, are cross-
connected to each other. Thus - after modification of the original polyamide - at
least one modified polyamide chain is cross-connected (chemically bound) —
through the sites introduced by modification - to at least one other polyamide chain
in at least one position, allowing also for more bonds between the same polyamide

chains and between more than 2 chains.

"(Medical) balloon or balloon material” in the context of this invention especially
means a balloon like those used in coronary balloon angioplasty and the material
used for these balloons, especially balloon catheters. In this, e.g. a balloon catheter
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is inserted into an artery or other lumen and advanced to e.g. a narrowing in a
coronary artery. The balloon is then inflated to enlarge the lumen.

"Stent" means an elongate implant with a hollow interior and at least two orifices
and usually a circular or elliptical, but also any other, cross section, preferably with a
perforated, lattice-like structure that is implanted into vessels, in particular blood
vessels, to restore and maintain the vessels patent and functional.

"Graft" means an elongate implant with a hollow interior and with at least two
orifices and usually circular or elliptical, but also any other, a cross section and with
at least one closed polymer surface which is homogeneous or, optionally, woven
from various strands. The surface preferably is impermeable to corpuscular
constituents of blood and/or for water, so that the implant serves as a vascular

prosthesis and is usually employed for damaged vessels or in place of vessels.

"Stent graft” means a connection between a stent and a graft. A stent graft
preferably comprises a vascular prosthesis reinforced with a stent (both as defined
above), wherein a polymer layer is homogeneous or, optionally, woven, knitted
plaited etc. from various strands and is either impermeable for corpuscular
constituents of blood and/or for water or can also be permeable. More preferably,
the stent has on at least 20% of its surface a perforated (lattice-like), preferably
metallic, outer layer and at least one closed polymer layer that is located inside or
outside the stent outer layer. The closed polymer layer may be homogeneous or,
optionally, woven from various strands, and is impermeable for corpuscular
constituents of blood and/or for water. Optionally, where the closed polymer layer is
disposed inside the metallic outer layer, a further perforated (lattice-like), preferably

metallic, inner layer may be located inside the polymer layer.

"Graft connector” means an implant that connects at least two hollow organs,
vessels or grafts, consists of the materials defined for grafts or stent grafts and/or
has the structure defined for the latter. Preferably, a graft connector has at least

two, three or four, orifices, arranged, for example, as an asymmetric "T" shape.
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"Catheter" means a tubular instrument intended for introduction into hollow organs.
More preferably, a catheter may be designed for use in guiding other catheters, or
for angiography, ultrasound imaging, or - especially - balloon catheters for dilatation
or stent delivery. This includes also a "Catheter pump" meaning a catheter provided
on its tip with a propeller able to assist the pumping of the myocardium.

In a preferred embodiment of the medical device according to the invention the
(medical) balloon is consisting of the cross-linked modified polyamide.

In a very preferred embodiment of the medical device according to the invention the
cross-linked modified polyamide is obtainable by a process in which at least one
step is executed using reactive extrusion. Reactive extrusion is described in DD 276
290 A1 and Eichhorn et al. (Journal of Applied Polymer Science, Vol. 62, 2053-2060
(1996) both included here by reference.

In a preferred embodiment of the medical device according to the invention the
cross-linked modified polyamide is obtainable by a process in which the polyamide
is
e in a first step modified with either (a) a bifunctional or monfunctional
crosslink-reactive compound comprising at least one reactive site
allowing cross-linking or reaction with cross-linkers or (b) with trially!
isocyanurate (TAIC) or derivatives thereof and
e in a second step is undergoing a cross-linking reaction by treatment

with at least one form of energy.

Desirably the first step is executed using reactive extrusion. Preferably the energy
being used for the second step, cross-linking reaction, is irradiation and/or thermal
energy, preferably is heating, UV-irradiation, electron beam (e-beam) or gamma

irradiation.

In another preferred embodiment of the medical device according to the invention
the bifunctional or monofunctional crosslink-reactive compound is a linear

compound comprising a C=C-doublebond.



10

15

20

25

WO 2009/080323 PCT/EP2008/010949

In a further preferred embodiment of the medical device according to the invention
the cross-linking reaction is executed as vulcanisation reaction using sulphur as
crosslinker and/or radical reaction using UV curing agents optionally in combination
with acrylates or photomer polymers. Desirably the UV curing agents are selected
from benzophenone, or hydroxycyclohexy phenyl ketone, or stilbene derivatives,
and/or the acrylates are selected from trimethylpropane triacylates. Radical
reactions with UV-curing agents like benzophenone, hydroxycyclohexyl-phenyl-
ketone or stilbene derivatives are described by Lobmaier et al. (J.Mol.Recog. 8
(1995) 146-150) included herein by reference.

In a highly preferred embodiment of the invention with the medical device being a
balloon, the process for obtaining the cross-linked modified polyamide is executed
after the balloon was formed in a blow molding process, preferably the second step
(described above), the cross-linking reaction, is executed after the balloon was

formed in a blow molding process.

In a highly preferred embodiment of the medical device according to the invention
the modified polyamide is described by any of formulas la, Ib or Ic

_ . - _ . -
X2 |c! / A\ H X! H—(Ag»”——x? (Ia)
\7
L . y L i A
_ . _ . -
x3 H (A ) ﬂ X! |C!—<A>~H——X3 (Ic)
X
L . y L i 4dZz
with
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X' being a bifunctional crosslink-reactive compound;

X2 being a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
O-B or O-B'’; and

X2 being a bifunctional crosslink-reactive compound,

a monfunctional crosslink-reactive compound, or

H;
or
_ . - —o -
X2 u / A\ N——x L@%H--xz (Ib)
\" .
L . y L A Z
either with

X' being a bifunctional crosslink-reactive compound;
while

X%is  a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
O-B or O-B’; and

X%is  a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
H;

or with

X' being a chemical bond;
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while one of

X2 or X? is a bifunctional crosslink-reactive compound, or

a monfunctional crosslink-reactive compound;
while for the other of X? or X® applies that
X?is  a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
O-B or O-B’; or
X%is  a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
H;
wherein for la, Ic or Ib
A is a divalent, branched or linear, saturated or non-saturated,
optionally substituted hydrocarbon chain, with optionally one

carbon atom being replaced by NH, O or S;

B and B’ independently from one another are selected from H
or C1_4'A|kY|,

X is a natural number between 1 and 24;

y is a natural number 21.

Z is a natural number 21 or O.
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The examples in the following section are merely illustrative and the invention
cannot be considered in any way as being restricted to these applications.

Examples:
Example 1: Cross-linking with TAIC (Triallyl isocyanurate)

In a first step 50 g dried Nylon 12 (with a molecular weight of approx. 26000 g/mol) is
mixed with 2.5 g of TAIC (Triallyl isocyanurate) (MW 259.27) in an extruder and
extruded by way of an reactive extrusion as described in DD 276 290 A1 and Eichhorn
et al. (Journal of Applied Polymer Science, Vol. 62, 2053-2060 (1996).

\

N

/_/ b

Triallyl isocyanurate
This modified Polyamide material is extruded and from the extruded polymeric material
a balloon is formed in a blow molding process. Following that the balloon is cured (the
modified polyamides cross-linked) by electron beam (E-beam).

This process of modifying and cross-linking of Nylon by TAIC or its derivatives is
described in detail in Brocka and Ehrenstein (Kunststoffe 11(2004) 88-94) and Duk
Won Lee, Dianiken (Kunststoffe 6 (2001) 78-80). Both articles are included herein by

reference.

Example 2: Cross-linking with but-2-enedioic acid under vulcanisation
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In a first step 50 g dried Nylon 12 (with a molecular weight of approx. 26000 g/mol) is
mixed with 2.5 g of but-2-enedioic acid in an extruder, with sulphur being added, and

extruded by way of reactive extrusion (see above).

This modified Polyamide material is extruded and from the extruded polymeric material
a balloon is formed in a blow molding process. Following that the balloon is cured (the
modified polyamides cross-linked by vulcanization) by heating, following the reaction

described below in a general form:

----- CH, HyC----- -----CH, CH-----
sx/
H
x=1-8
----- CH; CH-----  -----CH;, CH-----  -----CH, CH-----
s/ S N
| E +S
H x-1
""" CHz HzC""' ""‘CHZ Hzc““' ""'CHZ HzC""'

Example 3: Cross-linking with 1,4-butylene diamine using UV curing reagents
In a first step 50 g dried Nylon 12 (with a molecular weight of approx. 26000 g/mol) is
mixed with 1.25 g of 1,4-butylene diamine in an extruder, with benzophenone (with or
without trimethylpropane triacrylate) being added, and extruded by way of reactive

extrusion.

This modified Polyamide material is extruded and from the extruded polymeric material
a balloon is formed in a blow molding process. Following that the balloon is cured (the

modified polyamides cross-linked by vulcanization) by UV-radiation.
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Radical reactions with UV-curing agents like benzophenone, hydroxycyclohexyl-
phenyl-ketone or stilbene derivatives are described by Lobmaier et al. (J.Mol.Recog. 8
(1995) 146-150) included herein by reference.

Example 4: Cross-linking with 4-Amino-but-2-enoic acid using UV curing
reagents

In a first step 50 g dried Nylon 12 (with a molecular weight of approx. 26000 g/mol) is
mixed with 5 g of 4-Amino-but-2-enoic acid in an extruder, with hydroxycyclohexyl-
phenyl-ketone (with or without trimethylpropane triacrylate) being added, and extruded

by way of reactive extrusion.

This modified Polyamide material is extruded and from the extruded polymeric material
a balloon is formed in a blow molding process. Following that the balloon is cured (the

modified polyamides cross-linked by vulcanization) by UV-radiation.
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Medical device comprising a cross-linked modified polyamide.

Medical device according to claim 1, wherein the medical device is
selected from implanted or implantable medical devices, preferably
balloon/balloon material, stents, stent grafts, grafts, graft connectors or
catheters, most preferably is a balloon/balloon material.

Medical device according to claim 1, wherein the medical device is a

balloon attached to a balloon catheter.

Medical device according to claim 3, wherein the balloon is consisting of

the cross-linked modified polyamide.

Medical device according to any of claims 1 to 4, wherein the cross-
linked modified polyamide is obtainable by a process in which at least

one step is executed using reactive extrusion.

Medical device according to any of claims 1 to 5, wherein the cross-

linked modified polyamide is obtainable by a process in which the

polyamide is

¢ in a first step modified with either (a) a bifunctional or monfunctional
crosslink-reactive compound comprising at least one reactive group
allowing reaction with crosslinkers or (b) with triallyl isocyanurate
(TAIC) or derivatives thereof and

e in a second step is undergoing a cross-linking reaction by treatment

with at least one form of energy.

Medical device according to claim 5, wherein the first step is executed

using reactive extrusion.
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Medical device according to any of claims 5 or 6, wherein the energy
being used for the cross-linking reaction is irradiation and/or thermal
energy, preferably is heating, UV irradiation, electronic beam (e-beam) or

gamma irradiation.

Medical device according to any of claims 6 to 8, wherein the bifunctional
or monofunctional crosslink-reactive compound is a linear compound

comprising a C=C-doublebond.

Medical device according to claim 9, wherein the cross-linking reaction is
executed as vulcanisation reaction using sulphur as crosslinker and/or
radical reaction using UV curing agents optionally in combination with

acrylates or photomer polymers.

Medical device according to claim 10, wherein the UV curing agents are
selected from benzophenone, or hydroxycyclohexy phenyl ketone, or
stilbbene derivatives, and/or the acrylates are selected from

trimethylpropane triacylates.

Medical device according to any of claims 2 to 11, wherein the medical
device is a balloon and wherein the process for obtaining the cross-
linked modified polyamide is executed after the balloon was formed in a
blow molding process, preferably wherein the medical device is a balloon
and wherein the second step, the cross-linking reaction, according to
claim 6 is executed after the balloon was formed in a blow molding

process.

Medical device according to any of claims 1 to 12, wherein the modified

polyamide is described by any of formulas la, or Ic or Ib
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x1 H (A\u X2 (Ia)

X
N
O=—=0
/L\
>
S~N—
ZT

i o) o)
X34—N (A)x!‘! X |C!—<A>-“———X3 (Ic)

with

X' being a bifunctional crosslink-reactive compound;

X2 being a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
10 O-B or O-B’; and

X? being a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
H;
15

or

i o) ] o)
X2——-“4<A )xkl' X! ﬂ—(Ag»n——ﬂ (Ib)

either with

20

X' being a bifunctional crosslink-reactive compound;

while
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X%is  a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
O-B or O-B’; and

X%is  a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
H;

or with
X' being a chemical bond:;
while one of

X% or X? is a bifunctional crosslink-reactive compound, or

a monfunctional crosslink-reactive compound,;
while for the other of X?or X® applies that

X%is  a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
O-B or O-B’; or

X%is  a bifunctional crosslink-reactive compound,
a monfunctional crosslink-reactive compound, or
H;

wherein for la, Ic or Ib
A is a divalent, branched or linear, saturated or non-saturated,

optionally substituted hydrocarbon chain, with optionally one
carbon atom being replaced by NH, O or S;
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B and B’ independently from one another are selected from H
or Cq4-Alkyl;

x is a natural number between 1 and 24;

y is a natural number 21.

Z is a natural number 21 or 0.
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