"WO 2005/ 037337 PCT/ 1B2003/ 004584 DESCRI PTI ON " CATHETER BALLOONS" The
present invent ion relates to a balloon for nedical devices, in particular
for a bal]oon positioned 5 at the distal end of a catheter for use in

angi opl ast’ ? ﬁ‘éﬂﬁrye of catheters in angioplasty is wi delS/7HRAGHISSA
catheter equipped at its distal end with a balloon is noved forward,
followng a guide wire, until the opening of the narrowed artery is
reached. Once the 10 balloon is positioned at the narrowing of the artery,
it is repeatedly inflated and deflated. Inflating the balloon and

subsequently deflating it inside the pdd@iyprteguces the anount of narrow ng
of the arterial duct and restores an adequate blood flow in the cardiac

area 15 affected by the stenosi Se %ﬁf@%{léﬁﬁ gi cal and nechani cal
#erl al of IC

characteristics of the plastics ma he balloon is
constituted deteririne its conpliance, that is, the_adaptability of_the

bal | oon to the a&ﬁ]grypgﬁg?léﬁ] Py SHd PPs F%l?g?ﬁnctéotogsg?ae]tlﬂé%g,for
fundanmental characteri,stics for opt i,mJT operation of _the ball,ogn. The
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may vary depending on the type of use and the size of the vessel into which
the 25 cathatethpsdiptedt ead Pheaagrdrheirs ©9Fevee by apgioplasty.

The use of catheters in angioplasty is widely
known. A catheter equipped at its distal end with a
balloon is movea forward, following a guide wire, until
the opening of the narrowed artery is reached. Once the

10 balloon is positioned at- the narrowing of the artery, it
is repeatediy inflated and deflated. Inflating the
balloon and subsequently deflating it inside the artery
reduces the amount of narrowing of the arterial duct and
restores an adequate blood flow in the cardiac area

15 affected by the stenosis.

The chemical/physical and mechanical
characteristics of the plastics material of which the
balloon is constituted determine its compliance, that is
the adaptability of the balloon to the artery system,

20  and its resistance to stretching, fundamental
characteristics for optimum operation of the balloon.
The requirements of compliance and strength and the
dimensions of the balloon may vary depending on the type
of use and the size of the wvessel into which the

25 catheter is inserted. The advantages offered by the



WO 2005/ 037337 PCT/JB2003/004584 2 various polyners are matched to the
speci fic nmechanical applications of the balloons. The probl em addressed by
t he i nveynd baross3t hat of nmaking avail abl e a cat het er lradtiBeszhausgng

i nproved 5 conpliance characteristics conpared with state of the art

bal | oons. "The subject of the invention is therefore the use of a
constituent material for catheter balloons for use in angioplasty, and a
bal | oon manufactured with it, as 10 dutlined in the appended cl ai ms. O her
characteristics and advantages of the balloon which_is the_subject of the
i nvent i on VANLOUfe RYMRT2apER MAdmhere Yol HeR FReaefar 8eCHedEG3 i on of
the invention and fromfigure 1 which follows it and which 15 shows the
graph i ndiesealiisptinns «fithke shakhoems of bal | oons prepared from pol yner
material according to the invention. Balloons for use in nedical devices
according to tTe i prehléenn agide etk doyf r bhebliosterdopsl yier shaict o 20

pol yest er-am de bl ocks. Said pol yester-am de polyners are conmonly

i denti fi echdkirde aaefiabndEA |datiastidiculbaillddie polwintey nmdprfdwdd sui tabl e
for obtaining a balloon as in the present invention is constituted by
nmononess fAMPINthitOC kSt dtAIdHI@S compared with state of the

art balloons.

The subject of the invention is therefore the use
of a constituent material for catheter balloons for use
in angioplasty, and a balloon manufactured with it, as-

10 outlined in the appended claims.

Other characteristics and advantages of the balloon
which is the subject of the invention will become
clearer from the following detailed description of the
invention and from figure 1 which follows it and which

15 shows the graph indicating the tensile strength of
balloons prepared from polymer material according to the
invention.

Balloons for use in medical devices according to
the invention are formed from block copolymers with

20 polyester-amide blocks. Said polyester-amide polymers
are commonly identified by the acronym PEA.

In particular, the polymer material suitable for
obtaining a balloon as in the present invention is

constituted by monomers forming blocks of polyamide

25 which has been modified with dimer diols and/or with



. 25 which has been nodified with dinmer diols and/or with WO 2005/ 037337

PCT/ 1 B2003/ 004584 3 corresponding OHterm nating pol yesters contai ni ng
dimer diols. Principally, the nost conmon conventional |actanms, the

©am no- caMRYa5i0873d¢i ds and di am nes, may be used to 5 PETABIKMFIPSEyam de
segnent. However, the polyam de segnent is preferably selected fromPA 6, PA
6/6, PA 6/9, PA 6/10, PA 6/12, PA 6/36, PA 11, PA 12, PA 12/12. Moreover,
it is preferable to use copol yam des or, rmultipolyan des obtained from

C2- C36 di carboxylic acids 10 and C2-Cl§ di am nes and al so from| actam 6,

I o ' I | Lcarh L i id.
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C6- Cl12 | act or from 15 nononmers of C6-Cl2 ami no-carboxylic acids. The
pol yam de é%ﬂ%ﬁ%ent may al so be obtained from pol ycondensati on of the
corresponding salts of the diamnes and of the carboxylic acids described
above. The di nerPatRFEPaLEy: t BRELMQISE TRV yEQRERLEHPRRL 2BCBAMSmer are
al i phatic diner diols having a nolecular weight of between 400 and 2000,
pref er abl y Heg wveBhna00arhpyy1000acTies @ngi ibramiing s, diay obe avged by
conventional industrial nethods, including for exanple the reduction

5 form the polyamide segment. However, the polyamide

segment is preferably selected from PA 6, PA 6/6, PA
6/9, PA 6/10, PA 6/12, PA 6/36, PA 11, PA 12, PA 12/12.
Moreover, it is preferable to wuse copolyamides or
multipolyamides obtained £from C;-Ci;s dicarboxylic acids
10 and C,-Cy;, diamines and also from lactam 6, lactam 12,
isophthalic, terephthalic and naphthalene dicarboxylic
acid.
More preferably, the polyamide segments are
obtained from monomers of Cs-C12 lactams or from
15 monomers of C¢-C;; amino-carboxylic acids. The polyamide
component may also be obtained from polycondensation of
the corresponding salts of the diamines and of the
carboxylic acids described above.
The dimer diols used to obtain the polyester-amide
20 polymer are aliphatic dimer diols having a molecular
weight of between 400 and 2000, preferably between 400
and 1000. These dimer diols are obtained by conventional
industrial methods, including for example the reduction
of both the carboxylic groups of a hydrated dimer fatty

25 acid into alcohol groups or by means of the dimerization



of both the carboxylic groups of a hydrated dinmer fatty 25 acid into al cohol
groups or by neans
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i nvention

of the dinerization WO 2005/ 037337 PCT/ 1B2003/ 00- 1584 4
ohols. The diols obtained- with thesecrhgsiasebagi es al ways
i able quantity of trimer triols and nonofuncti onal

are C36 and/or C44 diner diols with a diol diner content

east 90% a nonodi ol content @&f |less than 1o and a triol content of
| ess than 50, and : \ !
KOH g. Stiofl wrpatyrafed ableohrdsdi e diddpd swiobiaidnegt dvitler thiegle cont ent
of nore than 94% and a nonofunctional alcohol and trinmer triol content of

| ess t han ted#toltgs e@H-dloragmahavg di deyteliyestariabmsquantiny oife

pol yam de pol yner are obtai ned from condensati on of the above dinmer diols
wi th ali phatirerandéfobsomahdc Glokdfuddt bsal boxikbhodel dsas Pr gferably the
hydr at ed C36 di ner
%Wtsqf BEEWRSIL P8 b HETE KPHeGerabl §f engbhy et woen 50 and

g. The pol yam de-pol yester polyner used to formthe 20 balloons

a“net
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have a hydroxi de -nunber of between 195 and 225 ng

fatty acid is used. The preferred diol polyesters have a

nﬂ%%eﬁggﬁ F&S4epagﬁgru NG 2 JeLpod with one

fwo steps. f case, the nononers formng

diol dimer content of at least 90%, a monodiol content

of less than 1% and a triol content of less than 5%, and

have a hydroxide - number of between 155 and 225 mg

KOH/g. Still more preferable are dimer diols with a

dimer diol content of more than 94% and a monofunctional

alcohol and trimer triol content of less than 0.5%.

The

OH-terminating diol polyesters comnstituting the

polyamide polymer are obtained from condensation of the
above dimer diols with aliphatic and/or aromatic Cy-Ca4
dicarboxylic acids. Preferably the hydrated Ci;s dimer
fatty acid is used. The preferred diol polyesters have a
hydroxide number of between 28 and 90 mg KOH/g,
preferably between 50 and 80 mg KOH/g.

The polyamide-polyester polymer used to form the
balloons according to the present invention may be
prepared using a method with one step or a method with
two steps. In the first case, the monomers forming the
polyamide blocks are placed in the same reaction reactor
with the diol components described above and are

condensed, firstly at normal pressure and then at



pol yam de bl ocks are placed in the sanme reaction reactor wth the diol
conponents descri bed above and are 25 condensed, firstly at normal pressure
and then at 5 reduced pressure, to give the resulting high nol ecul ar

wei ght pol yester-am de polynmer. The nethod of synthesizing the

pol yester-am de pol yner conprises two steps: in a first step, the pol yamde
segnent is forned 5 fromthe pol yam de nononers descri bed above and in a
second step the pol yam de segnent thus5obtained is conbined with the diol
conponents in esterification reaction conditions normally known by a person
skilled i mnaheeat tprdédsdhe, generaglvee hehecalesfidtimba hdfglt heopetykater - am de
pol yners thus obtained may be represented as follows (formula (1)) :

H- ( O PF- O0GrdRAHE00 Rbo 13rXs (e Gihide OH pblvhieeh PAThepr esgstisod he pgl yanm de

bl ock while PF 15 represents the diol block containing diner diols and/or
OHt er m natd A1l Ol 7 iRQ) Y%éerﬁl%&ﬂ%ﬁdwnﬁﬁiyﬁéfm%pﬂs%@d 2o The diof

conponent content within the pol'yester- am de copol yner i's 5-500 by weight.
Pref erably, di 20. t c r.afis i gﬁgi | 1 hi i nt erval
10 to 30% bsyéé\gsl 'gh_, %t?#ggrrgrgg% r’eg:glr%a yll%g[ll%enssef antdvﬁ%ot/oggltﬁg\aei ght of
the tot gl ff.:OrrorrrnuI %Hao%olyamide monomers described above and in a

second step the polyamide segment thus obtained is
combined with the diol components in esterification
reaction conditions normally known by a person skilled
in the art.

10 The general chemical formula of the polyester-amide
polymers thus obtained may be represented as follows
(formula (I)):

H- (O-PF-00C-PA-C0O0-PF-00C-PA-CO), -OH
in which PA represents the polyamide block while PF

15 represents the diol block containing dimer diols and/or
OH-terminating diol polyesters and n is a number between
5 and 20.

The diol component content within the polyester-
amide copolymer is 5-50% by weight. Preferably, the diol

20 component concentration is kept within the interval 10
to 30% by weight, still more preferably between 10 and
20% by weight of the total formulation.

The polymers just described above used in the
invention to obtain balloons for medical devices are

25 sold, for example, under the brand name Grilamid® by the



The polyners just described above used in the invention to obtain balloons
for medical devices are 25 sold, for exanple, under the brand nane

G i | am o Yooby313be WO 2005/ 037337 PCT/ 1B2003/ 004584 6 pcanpamy/oEss+ Chemni e
AG Switzerland. Particularly suitable exanples of commercially avail able
polymers are Gilamd FE7303 and Gilamd(r) FE7372. In particular, the
polymer Gilamd(r) FE7303 is formed from pol yam de 5 segnents deriving from
the lauryl lactamwith a nolecular wei ght equal to 197 gr/nol and from

pol yester segnents deriving fromdinmer djol conmponents commercially

avai | abl eCOnBaRYt he Elsaf@eid®e PAGol (r§witossrland. pri Brasier)azgiyy
respectively with nol ecul ar weights 10 equal to 550 gr/nmol and 1980 gr/nol,
sol d by theitebpengxauplelserd Nomerrmslilsa,a e balgbe polymetSAarghe | auryl

| act am conponent i@s present in a ratio by weight of 80.2%of the total

wei ght of Grhaafmidal HFRrIod atindn @filahedBomERETEY, Wi | patbécuahirgs by

wei ght of the diol 15 segnents in the final formulation of the copolyner are

respectivehy IRoDMpef Rineh(id® 2683 @ndid. Meshedr it pblyadlfé. I n
particular, Pripol(r) 2033 is a diol dinmer deriving froma diner C36 fatty

al coh WebBran¥Rl el Avinel 0bloff 390 a1ghp)] Conpeien ofi#@reat han 94. 5%
and a 20 hydroxide value equal to 200-215 ng KOH/ g. Priplast(r) 3197 is a
di ol alipm@&%%uﬁgky%ﬁﬁiﬁt equal to 197 gr/mol and from polyester
segments deriving from dimer diol components
commercially available under the brand name Pripol? 2033
and Priplast® 3197 respectively with molecular weights
10 equal to 550 gr/mol and 1980 gr/mol, sold by the company
Unichema North Amerxrica, Chicago, Il1l., USA. The lauryl
lactam component is present in a ratio by weight of
80.2% of the total weight of the final formulation of
the copolymer, while the ratios by weight of the diol
15 segments in the final formulation of the copolymer are
respectively 12.0% of Pripol® 2033 and 3.7% of Priplast®
3197. In particular, Pripol® 2033 is a diol dimer
deriving from a dimer C;¢ fatty alcohol with a molecular
weight of 550; a diol component of more than 94.5% and a
20 hydroxide wvalue equal to 200-215 mg KOH/g.
Priplast® 3197 dis a diol aliphatic polyester
constituted by a C3s dimer acid component obtained from
dimerization of an unsaturated C;; fatty acid and a diol

component obtained from hydrogenization of a Cgy

25 dimeric acid. This specific diol polyester has a



-constituted by a C36 diner acid conponent obtained from dinerization of an
unsaturated C3.e fatty acid and a diol conponent obtained from

hydr ogeni zati on of a C36 25 dinmeric acid. This specific diol polyester
WD 2005/ 089387 BEF7 1 B2003/ 004584 7 nol ecul ar wei ght of P¢BdB
val ue of between

formula (1)

bl ocks deri

has a

FOHSHY dr oxi de
52 and 60 ng KOH g. The pol yam de pol yner of the general

is characterized by high flexibility and viscosity, high 5
tensile strength and good resistance te hydrolysis. In particular, the PF

ving fromthe diol conponents are responsible for the
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on extruded tubes, from which the balloons are subsequently

particular, the PF Dblocks deriving from the diol
components are responsible for the flexibility and
softness of the copolymer, while the PA polyamide blocks
give the copolymer hardness, rigidity and crystallinity.
In particular, considering the properties of the
copolymer material described above, the insight
underlying the present invention is that of utilising
these characteristics since they are highly advantageous
in the particular application of said polyester-amide
copolymers in the use of medical devices, and still more
in the particular use of balloons used in angioplasty.
Table 1 below shows the data obtained from a
flexibility test carried out on extruded tubes, from
which the balloons are subsequently obtained, of
polyester-amide material according to the invention.
This test confirms the characteristic of high
flexibility of the material described above. In
particular, the bounce flexibility of tubes for balloons
of Grilamid® FE7303 was measured. The test was carried

out according to the particulars given by the



This test confirms the characteristic of high flexibility of the materi al

describ v n particular, the bounce flexibility of tubes for
SR PElp R

bal | oons FE7303 was neasured. The test was

according to the particulars given by the WO 2005/ 037337 PCT/ |1 B2003/ 004584
8 International Standards Organisation and described in standard | SO 14630:
1997. A tube for a balloon with an ouiside dianmeter of 0.9 nmis placed in
position by securing it to a support fixture, so as to have a useful 5

length of f,la-4m ; The p%ﬂ?@érc@s p@%%ﬁli%gﬁtg% KO AesbPipgggange. is

pl aced just touching the surtace of sal oon. The probe 1s noved

downvar ds Lp-gaitachsquitiddie 1ube agdolfie foree nEeessary aoblain a

certain downwar d novemnen t he” probe i's meastur ed. ate’ of “downwar d
novenent of fhe.probe is 20 1N, Table 1 belo ives the.l oad values (in
Newt ons) BB{:E?'ﬂgd éa)t]ta S%ed'%f Br?egbv%\l a8 #8r ?\fﬁ?ﬁ,r %98ﬁéﬁ11°6’f Yhe probe
(froml1l to 8 nm. Table 1 15 Cross-piece novenent Sanple 1 mMmm 2 nmm 3 nm 4

M 5 mm 6 ARFYLMRY8LEMLO130 SYBPeTTs fI3331Te . 25 a5 (P dme A wsetuly 0. 09

0.19 0.25 0.25 0.26 0.23 0.21 0.16 .
length of 0.15 mm. The point of a probe, comnected to a

force gauge, is placed just touching the surface of said
tube-balloon. The probe is moved downwards in contact
with the tube and the force mnecessary to obtain a
certain downward movement of the probe is measured. The
10 rate of downward movement of the probe is 20 mm/min.
Table 1 below gives the 1load wvalues (in Newtons)
obtained at predefined values for downward movement of

the probe (from 1 to 8 mm).

Table 1
15
Cross-piece movement
Sample |1 mm 2mm {3 mm |4 mm {S5mm {6 mm |7 mm |8 mm
1 0.08 0.15 0.24 0.25 0.25 0.23 0.21 0.15
2 0.09 0.19 [0.25 0.25 0.26 0.23 0.21 0.16
= 3 0.09 0.18 0.26 0.26 0.26 0.24 0.2 0.15
:j(; 4 0.08 0.2 0.26 0.28 0.27 0.24 0.22 0.17
S 5 0.07 0.17 0.25 0.26 0.25 0.24 0.23 0.17
Mean 0.08 0.18 0.25 0.26 0.26 0.24 0.21 0.16

The table shows a maximum applied load point equal



3 0.09 0.19

0.22 0.17 O

0.26 0.26

0.26 0.26 0.26 0.24 0.2 0.15 z 4 0.08 0.2 0.26 0.28 0.2
0

7 0.17 0.25 0.26 0.25 0.24 0.23 0.17 WMean 0.08 O.

6

50
0.24 0.21 0.16 The table shows a maxi num appl i o]
WD 2005/ o??%%"/‘"g’é:‘rﬂszoow 00-58- 9 to 0.26 N correspondi h§9’e%29’§915r S
equal to 4-5 mm This value indicates the point of maximum flexibility of

the nateri al

. This result is particularly significant as it clearly

7 0.24

18 0.25
nt equal
e travel

shows

the excellent properties 5 of flexibiligy of the material of the invention,
expressed in terns of the elastic elongation of the material. Mreover, a

tube of pol yesterzanmydecretapbaliial the a 9gnepal thakell aqua) has a-pardness
on the Shore D scale 10 of nore than 60, a tensile nodulus of between 400

and 800 MPa

nf T eRdlile | oad,at fidigdiwef befueen,3p,@and 35

. - . 1
el ongation at failure of approximately 300% In artlcular,lgge preferably

tensile nDdJﬁ%%ngﬁﬁﬁggﬁggﬁﬁgif@ﬁggﬂﬁﬁg-ﬁi%?§a9€%%2?|§@? %EE%§8?%?}g?e of

used Gil am
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s1g icant as it clearly shows the excellent proper

of flexibility of the material of the invention,
expressed in terms of the elastic elongation of the
material.

Moreover, a tube of polyester—émide material of the
general formula (I) has a hardness on the Shore D scale
of more thén 60, a tensile modulus of between 400 and
800 MPa, a temnsile load at failure of between 35 and 55
MPa and elongation at failure of approximately 300%. In
particular, the preferably used Grilamid’ FE7303 has a
hardness of 66 on the Shore D scale, a tensile modulus
of elasticity of 500 MPa, a tensile load at failure of
40 MPa and elongation at failure of 300%.

The distinctive characteristic of excellent
flexibility of the polyester-amide material mentioned
above is therefore of particular interest £for the
application of the material described in balloons for
angioplasty. In fact, together with the other
characteristics desgcribed above of hardness and tensile
behaviour, the balloons obtained are characterized by a

combination of properties of strength, compliance and

softness which characterizes the balloons of the present



flexibility of the polyester-am de nmaterial nmentioned above is therefore of

parti cul 26&;0§5£§t for the 20 application of the mterﬂ(ﬁﬂ/lﬁﬁﬁﬁmﬁ?d I n

bal | oons for ~ angi oplasty. In fact, together with the other characteristics
descri bed above of hardness and tensile behaviour, the balloons obtained
are characterized by a conbination of properties of strength, conpliance
and 25 softness which characterizes thg balloons of the present WO

2005/ 037337 PCT/ 1 B2003/004584 10 invention. The ball oons obtained with the
pol ymer nmatgsdridiordescribed in the invention certainly have an excel |l ent
characteristic of high flexibility and elasticity. 5 Indeed, since the

flexibility of @ dmighidoeapptrhited@bihthy ©e t RROIBISS | dlati@iasume its
original shape after a deformation has tenporarily altered the initial

shape, it 4 ﬁﬁﬁﬁgia I t 13 luﬁRQS Lt uted hi ghly
flexible ﬁ%%%%la mﬁ%ﬁ éﬁ%?ﬁ§£§%ﬁa}$ﬁsF%%E%%hggﬁec ani%%lggtrégéggacaused by
the repeated action .of inflLatiqgn,and.defl.ation required-in. an..angioplasty
intervemﬁéﬁﬁrQé£§Eﬁ??&ﬁeo?gr E&%?f(ﬁé%ﬁ%?%&%%%te P9 tﬁ%?%ﬁﬁ?lﬁ¥ﬂloon of
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| nerease iar]bj'flhiety of the material to resume its original shape
after a deformation has temporarily altered the initial
shape, it 1is immediately apparent that a balloon
constituted from highly flexible material will easily

10 withstand the mechanical stresses caused by the repeated
action of inflation and deflation required in an
angioplasty intervention.

It has moreover been found unexpectedly that the
balloon of polyester-amide material which is the subject

15 of the invention has an excellent characteristic of
compliance, understood as the percentage increase in the
diameter of the balloon as pressure is increased, in
addition to an excellent characteristic of adaptability
to the arteries and of resistance to stretching.

20 This combination of the characteristics of good
flexibility on the one hand and excellent compliance and
strength on the other characterizes the balloons of the
present invention and is moreover a combination of

properties fundamental to a balloon inserted into the

25 arterial system of a patient during angioplasty



di aneter of the balloon as pressure is increased, in addition to an
excel l ent characteristic of adaptability to the arteries and of resistance

to stretﬁ@bngoy%ﬁx;his combi nati on of the characteristiE},%T(S?I{Bngmﬁ84

flexibility ‘on e one hand and excel |l ent conpliance an rength on the
ot her characterizes the balloons 'of the present invention and is noreover
a conbi nation of properties fundanental to a balloon inserted into the 25
arterial systemof a patient during ang{oplasty WO 2005/ 037337

PCT/ 1B2003/ 004584 11 treatnment. For the conpliance and flexibility tests,
31 sanpl es-da@dA©©on with an outside dianmeter of 3 Mmwere tested at a
nom nal pressure of 7 bar, with a double 5 wall thickness equal to 0.04 mm

and obtained fromhe.ppol ypgpb1GEhtam a9 REB03H 1S, fl exbpklitystest was

carried out on a balloon resting at the ends on supports. The probe was

posi tioned |j ] | hing ' SUT 1Q.t he _bal n. The
pr obe was t%%ﬁég%%gégg%ﬁ%%%$%s&gﬁg %ﬂeO&Fgéégré%%ﬁ?gértgfogtgﬁhvgggbytain
load,  meast TR ofta Br BBBLPRdy I G { 04 et e LSE N SARELSal e

confirng t he excell ent flexibilitg of the 15 bal.l ogns ,exam ned, obtai ned

with the neti®hat &pigkness equal to 0.04 mm and obtained from the

polymer Grilamid® FE7303.

The flexibility test was carried out on a balloon
resting at the ends on supports. The probe was
positioned in the middle just touching the surface of

10 the balloon. The probe was then moved downwards and the
load required to obtain a certain downward movement of
the probe was measured. The wvalue for the bending load,
measured for a probe travel equal to 4 mm, is 0.25 N.
This wvalue confirms the excellent flexibility of the

15 balloons examined, obtained with the new material
according to the present invention.

The compliance test is carried out by measuring the
increase in diameter (in mm) of the balloons under
examination relative to the increase in pressure (in

20 bar) until the burst pressure is reached. Table 2 gives
the most significant data obtained from this test. The
table shows the data relating to the mean burst pressure
recorded, the standard deviation of the measurements
carried out and the calculated RBP (Rated Burst

25 Pressure). The value of the Rated Burst Pressure was



according to the present invention. The conpliance test is carried out by
nmeasurin ease in diameter (in mm) of the ballq@PF
exaninatgghq&rwg?%3e to the increase in pressure (in 20 /lﬂﬁﬂfé?ﬂ¥he bur st
pressure is reached. Table 2 gives the nost significant data obt ai ned from
this test. The table shows the data relating to the nean burst pressure
recorded, the standard deviation of theganeasurenents carried out and the
cal cul ated RBP (Rated Burst 25 Pressure). The value of the Rated Burst
Pressure wage MR<05+O8 7335 rE6dh1 BROE3L0042841 a3 LS IivehHIQM Bhree

probabilistic calculation, in which three tinmes the value of the standard

deviation Iei bt EAct odiu obr P tihe Vel 4isagba ! BeHBRYJBUTY ﬂ@&%&@e@eawed ,
in the tests on the ba oon. 5 Table 2 Balloon dianmeter (m) 3.00 Mean

fovi at  on 0LB" EFciatEs HEptrbario 8. BYLFS Praresie itrrlr e ar 11
is I nmmediat dent how t he.values given in the table are 10
significantgk%rtﬁﬁéfn?%g %éb%f%ﬁg?ty of the good conpliance of the balloons

accordigg to thgrégyenélon
e

Balloon diameter (mm) _ 3.00
Mean wall thickness (mm) ~0.041
Mean burst pressure (baf) 22.36
Standard deviation 0.89
Calculated RBP (bar) 192.67

To a person skilled in the art it is immediately

evident how the <wvalues given 1in the table are

10 significant for defining the property of the good
compliance of the balloons according to the invention.

In particular, the burst pressure data obtained above

are significant in conjunction with the characteristic

of the good flexibility of the balioons. In fact it can

15  be seen that the balloons which are the subject of the
invention have a compliance characteristic usually found

in far less flexible materials. Moreover, the new
balloons described here have a significant advantage of

a higher burst pressure and therefore of a higher RBP,

20 in addition to a smaller percentage increase in diameter



In particular, the burst pressure data obtained above are significant in
conjunction with the characteristic of the good flexibility of the

bal | oons. \bﬁznﬁﬁﬁ7%9 can 15 be seen that the ball oons whipgh 5fs ,@g&§ubject
of the invention have a conpliance characteristic usually foun in

| ess flexible materials. Mreover, the new balloons described here have a
significant advantage of a higher burst pressure and therefore of a higher
RBP, 20 in addition to a snaller percentdge increase in dianeter WO

2005/ 037337 PCT/ 1B2003/ 004584 13 between the nom nal pressure and sai d RBP,
conpar ed wi thetwsicat eclod ndeimel beéssons wiwl chahdvBRBEonpampbired fwiiéki bility
characteristics. Mreover, the | ow standard devi ation value 5 cal cul ated on
t he bal | oon stamgd eso€xardsheed alenondilabteas t khildigh hané or eotmpaehbbehavi our
and of the characteristics of the balloons obtained with the new naterial

accordi ng toFtdyei by | ORarddtdhesrDEe. this itemof data indicates a high
| evel of reproducibility 10 of the distinctive advantageous characteristics

of the balloons which,are thensubjrgl OfsthRIELS /1R8I ONvalBecause of
its good flexibility, t he' bal [oon according to the invention also exhibits

bet ter  BRNOSLANL LAY op) RAGa b ALLA0N O ROLYESHCEAB L rat BT o T2

exhibits a goo 0 l'owthe tra

the high uniformity of behaviour and of the
characteristics of the balloons obtained with the new
material according to the invention. Furthermore this
item of data indicates a high level of reproducibility

10 of the distinctive advantageous characteristics of the
balloons which are the subject of the present invention.
Because of its good flexibility, the balloon
according to the invention also exhibits better
manoeuvrability. In fact the balloon of polyester-amide

15 material exhibits a good ability to follow the track and
good adaptation to the path of the <vessel. This
characteristi¢ therefore also improves the ability to
move forward the catheter at the distal end of which the
balloon is positioned, along the wvascular system until

20 the stenotic lesion is reached. Once the narrowing of
the artery is reached, moreover, the good flexibility of

the balloon also ensures a better capability £for
positioning the wuninflated balloon at the stenotic
obstruction. The better adaptability of the material

25 facilitates the passage of the balloon, uninflated,



good adaptation to the path of the vessel. This characteristic therefore

al so i %8\£§0§(0P%7abi lity to nove forward the cat heterPcaft/IBtzag/(ﬂfs%gal end Of,

whi ch t

stenotic lesion is reached. Once the narrow ng of

nor eover,

oon is positioned, along the vascular systemunti

the good flexibility of the balloon also ensures a better

capability for positioning the uninfHdted balloon at the stenotic
obstruction. The better adaptability of the material 25 facilitates the
passage ofthimudglal tbennawmomtflabeterdl2@eske03 FIZAEIAGT/ G003/ Sixibsd 14
t hrough the narrowed arterial zone. Finally, this easier passage of
bal | oon alpugsdde pdt tind bhkluenn adrtg tttieughthhe St ehet veinesamd neans
that there is a reduced risk of causing further damage to the vein

systen1con@@f@@gh
characteristics of the ball oon

descri bed iyt i PVERtiON MR iRAL r53ithdial hapagear ﬁoSU%ﬁéb!&iixg;

application in therapy of the coronary arteries since 10 t

erls

20 the
the artery is reached,

t he

5

anghéo thenstepotissiesi onedhsel thathecgepd cpgpliance
obtained with the pol yester-am de materi al

an
rupture

of thes"es%gét éoﬁgé!éh‘édogﬂieéfieﬁﬁlevEt%ﬁ%%%i (i%s‘ifon{ '}G‘tc#"]{ﬂﬁoo” is |imted.

The good c

racterrstrcs of exrbrtrty an el astici

e bal | oon of

t he present inmﬁﬂéiago%!so ke it ggssibke to obtai%l§ﬂécgg g%%ch are

10

15

20

25

compliance dracteristics o

obtained with the polyester-amide material described in
the invention mean that said balloons are suitable for
an application in therapy of the coronary arteries since
the risk of zrupture of the vessel as a vresult of
excessive expansion of the balloon is limited.

The good characteristics of flexibility and
elasticity of the balloon of the present invention also
make it possible to obtain balloons which are
advantageously characterized by improved behaviour in
returning to the original diameter dimensions after each
successive inflation. This enables the same -balloon to
be inflated a greater number of times and for a longer
period. Also deriving from this, moreover, are the good
wear characteristics of the balloon. In fact, in normal
use of balloons in angioplasty, the burst pressure of
the Dballoon decreases during repeated successive
inflations. Contrary to this, the good flexibility of

the balloon of polyester-amide material of the present

invention improves the ability to maintain the burst



15 advant ageously characterized by inproved behaviour in returning to the
original dianeter dinensions after each successive inflation. This enabl es
the sane balloon to be inflated a greater nunber of times and for a | onger

- period. Aveaowasiising fromthis, noreover, are the good P2H/MMS/004584
characteristics of the balloon. In fact, in normal use of balloons in
angi opl asty, the burst pressure of the balloon decreases during repeated
successive inflations. Contrary to thﬁs, the good flexibility of the
bal | oon of pol yester-am de material of the present 25 invention inproves the

ability to gajintain th J 2005/ 037, P B2 A 584 ressure
det er m ned g%?ggﬁgenewﬁ%éﬁﬁé%ﬁ%%%Tné?éché@%%teﬁ%é%icggﬁgggéylomg%ﬁfg of the
bal | oon aCCOﬁdin to the esen 1invention or,a %a er _nunber_ of
"nflations SRGTPEFSFORGSE BeFPoddlON5A J1 (Rer CRAy BRLAGE 0PI HEHAT oons
obtained with the pol yester-agm de materigl of thﬁ Bresent invention is

that they bBRav&hfel Presetfe tEENte estio¥n factardetesfUWiREcarth ed out
on the ballogons of the present invention with the purpose of evaluating the
10 force neéBddaEyors aBdsEOrh&oBERroBATEEIFai | under a tensile load. This
test too was carried out according to the particulars given by the

| nt er natd onal St andarderragsrantadeonoindveskal bedns nobtansedd wish 14630:
1997.

the polyester-amide material of the present invention is
that they behave well in the tensile test.

In fact, a test was carried out on the balloons of

the present invention with the purpose of evaluating the

10 force necessary to cause the balloon to fail under a

tensile load. This test too was carried out according to

the particulars given by the International Standards

Organisation and described in standard ISO 14630: 19297.

Thus, for the purpose of testing the failuré load of

15 Dballoons as in the present invention, balloons prepared

from Grilamid® FE7303 with an outgide diameter of 3 mm,

a length of 20 mm and a thickness of 0.04 mm were used.

To carry out the test, the balloons are attached at one

end to a fixed clamp, and at the opposite end to a

20 movable cross-piece which moves at a rate of 50 mm/min,

stretching the balloon until failure occurs. The

elongation of the balloon is then calculated, as is the

respective yield load until a load peak is reached which

represents the point of failure of the balloon and

25 therefore the corresponding failure load. The results



Thus, for the purpose of testing the failure |oad of 15 balloons as in the
present invention, balloons prepared fromGilamd FE7303 with an outside
di anet er Wis¥ 2085/03"337 a | ength of 20 mm and a thi ckness of POTAB2083PWES€ used.
To carry out the test, the balloons are attached at one end to a fixed
clanp, and at the opposite end to a 20 novabl e cross-pi ece which noves at a
rate of 50 mMmmim n, stretching the baljoon until failure occurs. The

el ongation of the balloon is then calculated, as is the respective yield

| 0ad unt i) <BbaadaPeab ieAahath I ot o o900 DECRORBLCRsLal T ur e of

t he bal | oon an efore the correspon ure e résults WO

2005/ 037337 PCT/1B2003/ 004584 16. obtained,fromsaid.tensile test. gn-the
bal | oon ac§8r eg PFSS?Hg pl evseen#lc?rhvg% i%rllmgr%e %ﬁo%ﬁtgiuﬁefi]gwg%’;c%\hi ch
gives the force-npvenent graph. Fromthis test it is found that the ball oons
of the 5 ﬁrlé(?é:‘ng?’ien Qﬁﬁ%ﬁ‘ogfﬁn'ﬁﬁ}ty@sﬁaé?h'am de material have a failure |oad
val ue of 32.5 N,_ which corresponds, to_ a ercent age el ongation equal to :
approxi mat el y 1Z¥on thdfpdasig xthes® %@F&f?vﬁl%%tt%%ebéﬂﬂ-ﬁpﬁédoﬁfr &al | oons

commnle}’/ used in angioplasty, the greater strength and 10 greater elongation
capabi |19 t ypyeseng bahveohdoaccof diprlyestehapidsematiewint | diwwe e anot ed.
Anot her advantage of using the material described

failure load wvalue of 32.5 N, which corresponds to a

percentage elongation equal to approximately 123%.
Comparing these data with those obtained from balloons
commonly used in angioplasty, the greater strength and

10 greater elongation capability of the balloons according
to the present invention are noted.

Another advantage of using the material described
applied to balloons for angioplasty is given by the
property of the high wviscosity of this material and the

15 ability to maintain a high degree of viscosity even over
a period of time. This advantage is reflected
particularly in the good slideability characteristics of
the material in the process of extrusion to form the
tube from which the balloon 1is then obtained. The

20 copolymer material described in the invention does not
therefore require the addition to the polyamide
formulation of plasticizing agents to assist in the
process.

A further advantage of the polyester-amide material

25 described here is the low absorption of water in agqueous



applied to balloons for angioplasty is given by the property of the high
viscosity of this material and the 15 ability to maintain a high degree of
Vi SCOSi t Y, a period of tine. This advantage

particulﬁ?ﬁéﬁgﬂgxﬁz good slideability characteristics O?Cﬁ?%g%%gfgﬁfal in
the process of extrusion to formthe tube fromwhich the balloon is then
obt ai ned. The 20 copol yner material described in the invention does not
therefore require the addition to the pdl yanmide fornulation of plasticizing
agents to assist in the process. A further advantage of the pol yester-am de
materi al 2Sodestpibed Imerfadts iheiBoWﬂﬂﬁﬁw%ﬁ@@nP@gymaﬁeﬁqh$QRW%%hs WO
2005/ 037337 PCT/ 182003/004584 17 solutions. In fact it is known that
pol ynmer subabaocks wadlesordndvat kerafidré héepflort® tsnelll 0o dnwklveriHowdeer, the
pol yester-am de polyners of the present invention, because of |ow water
absor ption, pddyastehaupidet epdanmers t oSwethe angrebenef orimvama an very

smal | increase in weight and volunme in aqueous sol utions, maintaining
their propepeshaBe, ofOlIWE Witk ABASE nNCH3NEEe. nERies L£hanfdii} stic is
al so very advantageous above all in the step of extrusion of the tube from

which the 48 aldoonabs el ohbal nadvel i f oty RIPML teneXbhusi of all the
materials nust be placed in an oven to renove
weight and volume in agqueous solutions, maintaining
their proper shape, volume and dimensions unchanged.
This charaéteristic is also very advantageous above
all in the step of extrusion of the tube from which the
10 balloon is then obtained. In fact, prior to extrusion,
all the materials must be placed in an oven to remove
the residual moisture present in the granules. A polymer
material which has lower water absorption therefore
first of all requires a shorter preliminary drying time.
15 Moreover, during the step of extrusion, the tube which
emerges from the die 1is passed through gauging and
cooling tanks containing water. The greater the quantity
of water which the polymer tube tends to absorb, the
greater the risk of formation of microcavities inside
20 the wall of the tube and consequently of microcavities
inside the wall of the balloon. These microcavities
represent sudden variations in the thickness of the
balloon wall and therefore represent potential weak

points of failure of the balloon.

25 It should moreover be noted that the polyester-



the residual noisture present in the granules. A polynmer material which has

| ower r tion therefore first of all requires r<
prelinrﬁgﬁfﬂgﬁ@?ﬁg time. 15 Moreover, during the step o¥82@¥$%%§%ﬁ? t he tube-

which energes fromthe die is passed through gaugi ng and cooling tanks
containing water. The greater the quantity of water which the pol yner tube
tends to absorb, the greater the riskgof formation of mcrocavities inside
20 the wall of the tube and consequently of mcrocavities inside the wall

of the ballgoge TRASK MULrAe@Wlied {€PLeReninsuddednvatiat ongign the
t hi ckness of the Dballoon wall and therefore represent potential Wweak

poi nts of L]k of %gg-gg!! n. .25 1| . por eqver _be at the
pol yest er %@%@ggg}OS (%800§%b0 %§P8¥%gé%?dgghatggiaﬁg g%%é?bed in
the invention.has a hig cheni.cal. resi stance .t 0 hydrolysis_in,an_aqueous
envi r onnentVThPE™MchH niQﬁPlite&R?W%%ﬁi}1%#338§ﬂééf %&t%hyﬁ?gpﬁFFc H8gr adat i on
contri butes éo an iincreased 5 storage |life of the balloon pbtained fromthis

material, P¥FRELYFLCenSBFEAAEFOR e W iSTHLESSe RBChEM catCHPdPefti es of
t he bal | oon are maintained over a _period of tinme. The balloons_ according to
the pré&senftPregnt Ldhcapd the haddpss etaingdhdromwhizoratettalior the

producti on
since it ensures that the distinctive mechanical

properties of the balloon are maintained over a period
of time.
The balloons according to the present invention are
10 manufactured using known techniques for the production
of catheter balloons, such as for example the techniques
of extrusion of the polymer material, familiar to a
person skilled in the art.
The invention is further described by means of the
16 following examples, given by way of illustration and
non-limiting, from which the characteristics and
advantages of the present invention will become still
more evident.
Examples

20 Conditions of extrusion of tubes for balloons of

the material according to the invention

Examples 1 and 2 describe tubes £for balloons
produced by extrusion of the polymer material GRILAMID
FE7303. Before extrusion, the pellets of this polymer

25 were dried until the moisture content was less than
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erial GRILAM D FE7303. Before

extrusion, the pellets of this pol r .25 were dried untj!l .the i sture
céntgn; mas6t%g£'t V@FE@O%W%%?§%§§E%?31éﬁbo§1d%ﬁ%%ﬁOiﬁgdopfﬁg%h¥hg t ube

was extruded at a controlled neltin

by neans of

temperakiF 6isPén PEFMEEFh FLiWVE &R 1’t OTC z oR¥s MGRRS s

t enper ature_of between 210C and 240C,

ively

controlled tenperatures. The paraneters for the 5 extrusion process were
based on thextbndionohbrPesgh piveesEHYSiRE FOPETeWitde GRRDRIEH ALY

producer of

the polyner. After the polymer material was extruded f

he
romthe

die in tubecbntnpliedwastpempsedtuhesugh Bhenmalparameeron zome i rnchwhich it

was cool ed
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25

in a bath of
extrusion process were based on the conditions for

processing the polymer recommended by the producer of
the polymer. After the polymer material was extruded
from the die in tube form,Ait was‘paSSed thfough a small
aeration zone in which it was cooled in a bath of
deionized water kept at a temperature of approximately
20°C. A manual winch was then used to transport the tube
through the water bath. The tube was then cut into 260
mm sections.

Tubes of various sizes were prepared using this
method.

Example 1

In this example, balloons 3.00 mm in size, obtained
from Grilamid® FE7303, were produced. This polymer has a
hardness of 66 on the Shore D scale, a tensile modulus
of elasticity of 500 MPa, a temnsile load at failure of
40 MPa and elongation at failure of 300%. The sections
of tube have an OD value of 0.85 mm and 0.55 mm. To
obtain a ballocon 3.00 mm in size with a body 20 mm in
length, a suitably sized mould was used to allow both

the body of the tube and the inside diameter of the



10 deioni zed water kept at a tenperature of approximtely 20C. A nmanual
W nch &R d to transport the tube through the The tube
was thgﬁa%gﬂ 260 nm sections. Tubes of various sﬁggﬁﬁgﬁg@Bg?epared
using this 15 rret hod. Exanple 1 In this exanple, balloons 3.00 nmin size,
obtained fromGilamd(r) FE7303, were produced. This polynmer has a

har dness of 66 on the Shore D scal e, tensil e nodulus 20 of elasticity of
500 MPa, a tensile load at failure of 40 MPa and el ongation at failure of

300% The c%?ﬁ:tfaqn?aloé bebenbayeran {P ndl dg, Hals 8§n8“hﬁ@§a9eﬁ5 ggn o

obtain a balloon 00 Min size with a body 20 mmin Ilength, a suitably

si zed nou upeygn t i nsi de

di anet er lg?xet“ﬁcge%ézj% g%ﬁéﬁwg}“&é%l%gf P%%%/gg%lﬂ%%egf rgl gup“a?t%l of the

tube to bei%épanded a%d;?eifl ted {1 t he desir d final di rrenf These

bal | oons 3. YibPaith et AFEHS a &In}g)(?ér%:qr 3t at e of 90C

and an inter |nflagygpéf ure of 28 atm The bal |l oons t hus obt ai ned
raff;éa -

under went & t%ﬂuﬁﬂ%?r bR PYeSPE i @bl 4P, 2tRe doubl e thickness of

the wall of the uninflated ball oon was neasur ed. I\/breover t he ball oon was
infl ated with Sheedsildgigps thus obtained underwent a standard

bursting test. In particular, the double thickness of
the wall of the wuninflated balloon was measured.
Moreover, the balloon was inflated with successively
increasing pressures, so as to measure the outside
10 diameter at each pressure increase until the balloon
burst. The <results obtained from this test are
summarised below in table 3.
Example 2
In this example, balloons 3.50 mm in size, obtained
15 from Grilamid® FE7303, were produced. This polymer has a
hardness of 66 on the Shore D scale, a tensile modulus
of elasticity of 500 MPa, a tensile load at failure of
40 MPa and elongation at failure of 300%. The sections
of tube have an OD value of 0.85 mm and 0.55 mm. The
20 balloons 3.50 mm in size were obtained using the same
process as described in example 1, except for the
different conditions of temperature and internal
inflation pressure. In particular, a process temperature
of 100°C and an internal inflation pressure of 26 atm

25 were used. The results obtained from the bursting test



i ncreasing pressures, so as to neasure the outside 10 dianeter at each

The results obtained fromthis
sumari sed below in table 3. Exanple 2 In this exanple,
15 from Gilam d(r) FE7303, WeFBWIWW4d. This
has a hardness of 66 on the Shore D scale,
elasticity of 500 MPa, a tensile |load at failure of
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PR CERES

size (mm of double

pressure 'l (rmm) (atjy) 1 3.00 0./032 21 18 2 3.50 0.036({20 16
Example Balloon Thickness |Mean burst [ RBP (atm)
size (mm) of double |pressure
wall (mm) (atm)
1 3.00 0.032 21 18
2 3.50 0.036 20 16

bal | oons

gonditions of
a“ process

inflation pressure of 26 atm 25 were
atned fromthe bursting test WO 2005/ 037337
PCT/ 182003/ 004584 21 with these balloons are sumari sed below in table 3.
Tabl e 3 Exanpl e Bal | oon Thi ckness Mean burst RBP (atm




522 CLAIMS 1. P- balloon for nedical devices, in particular for catheters
used in angioplasty, conprising a polyam de copol yner materi al

characterized in ,that said copol yner polyanm de material is 5 represented
by the general fornula (1)-. H (O PF-OOC- PA- COO- PF- OOC- PA-CO n -CH in which
PA is a polyam de segnent and PY is a diol segnent 10 conpri sing

OX-term nating dinmer diol polyesters and nis a nunber between 5 and 20. 2.
A bal l oon according to claim1 in wh?#éh said diol segnent has a nol ecul ar
wei ght of between 400 and 2000. 15 3. A balloon according to claim2 in

whi ch said diol segnent has a nol ecH#IMRei ght of between 400 and 1000. 4.
A bal |l oon according to claiml, 2 or 3 in which said diner diols are C36
and/ or C44  dizega i edss, fo2Omaiiibad dieshcdepeinc gamnicwiant Ldpasathoters. A
bal | oon according to any one of clains 1 to 4 in which the hydroxide val ue
of said dizpeg diolssigivpikettweercchiriarichc? 26 palKOride 6Gopalimétrovaterdsddi ng
to any one of clains 1 to 25 3 in which said OHtermnating diol polyesters
are WO 200RAR3¢337iRPEERB2A0INOA5841d copolymer polyamide material is

5 represented by the general formula (I):

H- (O-PF-00C-PA~CO0O-PF-00C-PA-CO),, -OH

in which PA is a polyamide segment and PF is a diol segment

comprising OH-terminating dimer diol pelyesters and n is a

10
humber bhetween 5 and 20.

2. A balloon according to claim 1 in which said
diol segment has a molecular weight of between 400 and
2000.

15 3. A balloon according to claim 2 in which said

diol segment has a molecular weight of between 400 and
1000.

4. A balloon according to claim 1, 2 or 3 in
which said dimer diols are Ci and/or Cu dimer diols,

20 with a diol dimer content of at least 90%.

5. A balloon according to any one of claims 1 to
4 in which the hydroxide value of said dimer diols 1is
between 195 and 225 mg KOH/g.

6. A balloon according to any one of claims 1 to

25 3 in which said OH-terminating diol polyesters are



23 obtained fromcondensation with aliphatic and/or aromatic C4-C44
di carboxylic acids. 7. A balloon according to claim®6 in which the

~hydroxid f.-sai d diol polyesters is between 28 33239068 OH g. 8.
A bal | oo%é?&‘ﬁ%%ﬁé to any one of clainms 1 to 7 in which tﬁze( cgrf'é%ntrati on

of said diol segnment is between 5% and 50% by wei ght of the total
formulation. 9. A balloon according to claim8 in which the 10
concentration of said diol segnent is p8tween 10% and 30% by wei ght of the
total formulation. 10. A balloon according to claim9 in which the
concentr at i ant@afnedi d ik s egmEkRhsat ibat weeht 0% ahitbha2006 by aneii/ght  of t he
total formulation. 15 11. A balloon according to any one of clains 1 to 10

in which saigomgtyantgde segieatbbsysetestedsfirom PA 6, PA 6/6, PA 6/9, PA
6/ 10, PA 6/12, PA 6/36, PA 11, PA 12, PA 12/12. 12. A balloon according to

any one of claimg 1 tg 1201434 Naubbedisgi ¢PabyRhde SEONRALchs 1t ai ned
from linear or cyclic, aliphatic or aromatic -C36 dicarboxylic acids and

C2
o LPnobl Ay ALOPR, O LAy BB Topo eyt poncegan g o any
lactam 5 .14 90 mg KoH/g.

8. A balloon according to any one of claims 1 to
7 in which the concentration of said diol segment is
between 5% and 50% by weight of the total formulation.

9. A balloon according to claim 8 in which the

10  concentration of said diol segment is between 10% and
30% by weight of the total formulation.

10. A balloon according to claim 9 in which the
concentration of said diol segment is between 10% and
20% by weight of the total formulatiomn.

15 11. A balloon according to any one of claims 1 to
10 in which said polyamide segment is selected from PA
6, PA 6/6, PA 6/9, PA 6/10, PA 6/12, PA 6/36, PA 11, PA
12, PA 12/12.
12. A balloon according to any one of claims 1 to
20 10 in which said polyamide segment is obtained from
linear or cyclic, aliphatic or aromatic C,y-C36
dicarboxylic acids and from aliphatic or aromatic Cy;-Cis
diamines.
13. A balloon according to any one of claims 1 to

25 10 in which said polyamide segment is a C¢-Ci; lactam.



WO 2005/ 037337 PCT/ 1B2003/ 004584 24 14. A ball oon according to any one- of
claims 1. to 10 _in which said pol yam de segnent is a C6-C2 am no-_carboxylic
aci d. 18YORMATHIn according to any one of the 5 preddd/OCYUHHE i n which
sai d polyam de segnment is the lauryl lactam 16. A balloon according to any
one of the preceding clainms in which said diol segnment is the diner diol
Pripol (r) 2033 and/or the diol polyestgr Priplast(r) 10 3197. 17. A balloon
according to any one of the preceding clains in which the pol yam de

copol ymer -~ matefhal ASpGihbafl YdcordiimiP o 1hy AoRdl beOR18GREY di Ngoto claim
17 characterized 15 in that it has a diameter  of 3 mmat a nom nal pressure

of 7 bar LI S | | oop gecordi to clains
17 or 18 ¢ a?ﬁ%?%%%%gd%¥ﬂﬁfh%?iygmgégqgﬁgﬁéﬂﬁb??oéh gaﬁazt%%ﬂ%925 N for a
probe travel eqﬁﬁi.toa4.gn1 20 20. A ball oon according to clains 17 or 18
characteri%%ﬁp? h5t 2Ft%has a cal cul ated mean bur st pressure equal to

22.36 bar. 21. A ball di t [ 17 18 ch terjzed in that
22.96 bar. 21. A.bal}oon gocording 1o §Lalm L7 Unyt8 obaragterjged in tha

5 preceding claims in which said polyamide segment is the
lauryl lactam.

16. A Dballoon according to any one of the
preceding claims in which said diol segment is the dimer
diol Pripol® 2033 and/or the diol polyester Priplast®

10 3197.

17. A Dballoon according to any one of the
preceding claims in which the polyamide copolymer
material is Grilamid® FE7303.

18. A balloon according to claim 17 characterized

15 in that it has a diameter of 3 mm at a nominal pressure
of 7 bar and a wall thickness of 0.04 mm.

19. A Dballoon according to claims 17 oxr 18
characterized in that it has a bending load equal to
0.25 N for a probe travel equal to 4 mm.

20 20. A Dballoon according to claims 17 or 18
characterized in that it has a calculated mean burst
pressure equal to 22.36 bar.

21. A balloon according to claims 17 or 18
characterized in that it has a Rated Burst Pressure

25 equal to 19.67 bar.



25 equ

al

to 19.67 bar.

WD 2005/ 037337 PCT/ 1B2003/ 004584 25 22. A balloon

according to clains 17 or 18 characterized in that it has a tensile | oad at
failure p§ 820973 and a percentage el ongation at fail uperaasbod®:
approximately 123% 5 23. A balloon according to any one of the preceding
clainms characterized in that the polyam de copolyner material has a

hardness of 66 on the Shore D scal e,

MPa, a
300%

claims 1 to 17, Z2r the baddobact aceoxfiibg | dons dloaimeedi ¢4

a tensile nodulus of elasticity of 500
tensile load at failure of 40 BFa and el ongation at
24.

10 failure of

Use of the pol yam de copolynmer material as outlined in any one of

davi dés,

in

particular for catheters used in angioplasty. 15 25. Use of the pol yam de

copol yrer

neEtractenbzédd i@l ahat?24itchhaacterdered lien Ided s&i Eandherd al

has a

har dness of 66 on the Shore D scale, a tensile nodulus of elasticity of 500
MPa, a tensptesbosdmataddi hUuperekent4geVra anthielangat | aiatirkaiddira of 300%

20

10

15

20

to approximately 123%.

23. A balloon according to any one of the
preceding claims characterized in that the polyamide
copolymer material has a hardness of 66 on the Shore D
scale, a tensile modulus of elasticity of 500 MPa, a
tensile load at failure of 40 MPa and elongation at
failure of 300%.

24. Use of the polyamide copolymer material as
outlined in- any one of claims 1 to 17, for the
manufacture of Dballoons for medical devices, in
particular for catheters used in angioplasty.

25. Use of the polyamide copolymer material as in
claim 24 characterized in that said material has a
hardness of_66 on the Shore D scale, a tensile modulus
of elasticity of 500 MPa, a tensile load at failure of

40 MPa and elongation at failure of 300%.



