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WD 2007/ 132485 PCT/ | T2006/ 000355 DESCRI PTI ON
" ANG OPLASTY MEDI CAL DEVI CES MADE OF ELASTOVERI C

WOLTERBAMSS The present invention relates to t RETAE®O&600355

a 5 material for angioplasty nedi cal devices,
particularly for angioplasty catheters and nore
particularly for balloons placed at a catheter distal
end. The use of catheters in angioplasty is widely
known. A catheter proviRERCRIRTIGNDal | oon at the
distal 10 end thereof is advanced, by follow ng a

gui d®ANGTOPLAS TYhMEDICALTDEVICES MADED\OFI ELASTOMERME N
the ball oon has been placed at the narrowi ng of the
artery, it is repeatedMaTERtALed and defl ated. The
insufflation, with subsequent deflation, of the

bal | oohew phésetite arterticd neduaes t ko appENtusé of a
narrowi ng of the arterial lumen and restores a

Batéabbe HodahloBpNesbiN nidiE hgar evi g8 9N pattiicilisrly
di seased because of the stenosis. The

£6EM £AG1 pPYSEER] GMEhdBESRaN £l  RdWE AGLA SIS Bf  for

the plastic material of which the 20 balloon is made

Bl ebBhBepl h8eQ0HB! haBsenete®- diheaadaphabi ity of the
balloon to the arterial system and the resistance to

depl oypent ys¥hi 6 AL ELEBEY 1.£haY @;siééﬁs {07 Ahely
opti mum operati on of the ball oon. e ‘conpl ance an

ISt aRCe Sk [ , [ f th .
k&Symt 2R %aﬂ%@%e&e%EQR&déaﬁwé§ﬁ & Eslié?ﬁ at g%;\ﬁgstal

bal | oon may vary accordi ng e type of use

é9@7%£%%@%%F%QVAJQQE%%QPO§§5following a guide wire, to

the ostium of the narrowed artery. When the balloon has
been placed at the narrowing of the artery, it is
repeatedly inflated and deflated. The insufflétion, with
subsequent deflation, of the balloon within the artery
reduces the amount of narrowing of the arterial lumen
and restores a suitable blood £flow within the heart
region, which is diseased because of the stenosis.

The chemical-physical and mechanical
characteristics of the plastic material of which the
balloon is made determine its compliance, i.e. the
adaptability of the balloon to the arterial system, and
the resistance to deployment, which are primary
characteristics for an optimum operation of the balloon.
The compliance and resistance requirements, and the size

of the balloon may vary according to the type of use and
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2 size of the vessel in which the catheter is
delivered. The advantages offered by the various

w@oloyie48s are correlated to the particul ar neR¢EIN2061/000355

applications of the balloons. 5 The probl em addressed
by the present invention is to provide angiopl asty
medi cal devices or parts thereof having inproved
physi cal characteristics as conpared wth those of

g Dge PREORR tvedlpél i eHl ahliyh the péesSkdteri A¥eddldvered.
ainms to solve the problem of achieving 10 angi opl asty

B8 hel@fsnt dPeS Peftessdardy RAd s wiridiss FUBmeich are
as outer tubes, tips and balloons, which are nade of

Goft&Khble BBt @HAl pd et cita@! ROcRERVESEd apbli A catibingh of
degree of resistance. The object of the present
tveptiPhBohs the use of a 15 constitutive materi al

for angioplasty medical devices and particularly for

cat NetgE S pYoAdnt SaddeESHd ﬁgcﬁjﬁ§ pREkd RN nvEHBESn is

and tips, such as defined in the annexed clains.

ﬁgg#ggfrigaa%%gg @&ﬁ%ﬂ&f hx{géagbéeﬁe aoypptades phdhe tileos

evi c | ect of the presSent

%%‘?%F Lgﬂg}é%%e&p. i so@%ﬁecék%?fa{é’téffé‘%i@ fal | QUrihred

] Criptiol Invention. In an
R A ST SR
G585 1 540 9N 4B T O RSN Wiibving
angioplasty catheters, more particularly parts of the
same, such as outer tubes, tips and balloons, which are
made of a flexible material that is also provided with a
high degree of resistance.

The object of the present invéntion is the use of a
constitutive material for angioplasty medical devices
and particularly for catheters or parts thereof, such as
balloons, tubes and tips, such as defined in the annexed
claims.

Further characteristics and the advantages of the
medical devices being the object of the present
invention will appear more clearly from the following
detailed description of the invention.

In an embodiment, the angioplasty medical devices,
and particularly, catheters or parts thereof, preferably

catheters balloons, are made of a polyamide-based



3 thernoplastic elastoner. This el astoner conprises
nmononers form ng pol yam de bl ocks, which are the hard
w@erriasdf the material, nodified with a groREI/v0EN003ss

is the soft part. 5 This elastonmer is obtained by
pol ynerizing a conpound form ng pol yam de bl ocks
sel ected fromthe group corsgsisting of an
am nocar boxylic acid such as of Fornula (1) and a
thermopbasbiasebdistoneula (2): H2ZN R -COON (1) 10
R 2 - CONH (2) with a triblock pol yetherdi am ne
conpolintls oél&stomeén cOdiipris€s mbachErk~ flobiidg polyamide
H2Nt CHCH20O1L CH2CH2CH2CH2 O 1 CH2COHO - CH2CH- - NH2 (1 3)
Hhoeksl, a wiiicdr baxyl i thacithislichoatioh Fofmilee (4aterial,
HOOC- (R3) m O00H (4) 20 In said fornul ae, the groups
midi FRPednwi B argreashwhioHi Dg gheupsreopritsSi ng a
hydr ocarbon chain therein, which may be interrupted

5 by onehD$ nelgsBoinde ghreUpobtdineierabyy, pBlyaseiRng a
conpri se independently an alchilene group having 2 to
EEMBEEERON BSEMENRNDAAGHARI ES RIS ANG T2 QQUPT 15580 Akhe
al kyl ene group having 1 to 20 WD 2007/ 132485
d¥kdip Té606A009385 o an aminocarboxylic acid such as of

Formula (1) and a lactam such as of Formula (2):
H,N-R1-COOH (1)
10 o -comn > (2)
with a triblock polyetherdiamine compound of Formula
(3):

CHa ' CH, CHa

HoN—CHCH,O - CHyCH,CHyCHy~ O+ CH,CHOH- CH,CH—NH,  (3)

15
and a dicarboxylic acid such as of Formula (4):
HOOC- (R3) ,-COOH (4)
20 In said formulae, the groups R1l, R2 and R3 are each

binding groups comprising a hydrocarbon chain therein,
which may be interrupted by one or more amide groups.
Preferably, R1 and R2 comprise independently an
alchilene group having 2 to 20 carbon atoms and amide

25 bonds and R3 comprises an alkylene group having 1 to 20
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carbon atons. x may change from1l to 20, preferably
froml to 18, nore preferably from1l to 16; y nmay

webangs2485 om 4 to 50, preferably fromb5 to 45PCTIK2006/000355

preferably from8 to 30 5 and z may change from1 to
20, preferably from1l to 18, nore preferably froml
to 12; mis 0 or 1. Generally, the polynerization is
carried out using 15 to 70 wt % of the conmpound of

Earbohaatdpnsand/ or (2) 10 and a m xture of conpounds
of Formulae (3) and (4) having a total weight ranging

hehwgedhdtgandroha thi 20, peheFeriazal) Erdns 1CHd 1187 more
out in a reactor at a tenperature rangi ng between 150

BRIEEP8L Gy predner abloo mew@enmégocﬁﬁdl Offeom™ €to 50,
preferably between 180 and 15 250 C e

POLYEREDLLG ittt an BE @l i sk OUHra¢eehdiPd £t W to 30
di fferent nethods: the first nethod is inSerting in

i1he reagkoOlcHARe cﬁ%ormpr@rﬁé 6 )Fgfaylaﬁaﬁigf apdfmon (t@f 18,

t he conpdnent of Formul a (3) and the tonponent o

h8F8UbRe€d)abhGakiB @ndoagdpusting the pressure to
conpl ete polynerization. The second synthetic nethod

Rr o¥i gesaipre- polynerization between the conponents
of Formula (1) and/or (2) with the conponent from

oL ek 0 01 A8 USRI ALLRTCH L LIE wtng
fgﬁébT%QPQAQQogEsthé compound of Formula (1) and/or (2)
and a mixture of compounds of Formulae (3) and (4)
having a total weight ranging between 30 and 85%. This
polymerization is carried out in a reactor at a
temperature ranging between 150 and 300 °C, preferably
between 160 and 280 °C, more preferably between 180 and
250 °C.

The polymerization can be carried out according to two
different methods:

the first method 1is inserting in the reactor the
components of Formula (1) and/or (2), the component of
Formula (3) and the component of Formula (4), heating
and adjusting the pressure to complete polymerization.
The second synthetic method provides a pre-
polymerization between the components of Formula (1)
and/or (2) with the component from Formula (4), and

subsequent addition within the reactor of the component
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of Formula (3) to conplete polynerization. In both
cases, the polynerization my be carried out in a

whaioch3l4gded vessel or in a continuous react oPCT/{IR2BI)000355

5 The am nocar boxylic acids of Formula (1) and the
| actans of Fornmula (2) may be aliphatic, alicyclic or
aromatic, for exanple they gan be obtained fromthe
reacti on between di am nes and di carboxylic acids and
alLts ther .+ Ih l.amipe t-he diiear boxylic acids
Ogoggﬁlﬂu ) S?F pﬁét ?8?‘bg%}:§y§f)?gﬂgnd aromatic.
Pr ef er ahl t.he di am.nes {:QaﬁbQﬁ%Li GedCdsS-ied
are afti 3}%&1} coe® gélrr]roﬁl{eés ?ﬂgrln%?n?'ﬁg compounds iencl ude
di ami nes .havi.ng 2 t 0.2 opn..at v SN A tor
OEFhﬂ'Peﬁdil%ﬁ%H%?lO%cé’el%t%?/%%%g Q?a&nﬁgg, tetr arretliﬁsyllfaenaec
di agi ne, hexa-, 15 hepta-, octa-, nona-, deca-,
(§F8éca-, dodeca- met hyl ene di am ne, 2,2,4-trinethyl

hexanet ,hyl ene diamne,. 2,4,4-, tri h Xa h n

di anth& eﬁfﬂl@?ﬁeﬁﬁ%&h%xgﬁéfiﬁyl%ﬁg%g?‘égr%ﬂﬁe. @a%’l%egthe
of dicarboxylic acids_include dicarboxylic ]
lpgierg % o%?é’mb%laboamat B, %ﬁjc?\fhgbﬁ%gjaﬁ c aglgﬁcgl,cdﬂ% or
succinic acid, glutaric acid, adipic agid,. azel ai
axem@ticet cLOA| tRFHER TS el 5SY hERH; 5%‘? béfa}iafjtneé%i 31’% the
may be synthesized, by dinerizatign of unsaturate

regiabj ciici BSEWeERanPF8E1BES HERhPRYed G a@ﬁ}gs and
acids are: Pripol 25 1004, Pripol 1006, Prikpol 11009 4

sald sPriprreaD 3Thel (iRRINGD0RIY 1 §bggglicarboxylic aclds
PCT/ 1 T2006/ 000355 6 ,

can be aliphatic, alicyclic and aromatic. Preferably,

the diamines and the dicarboxylic acids are aliphatic.

Examples of diamine compounds include diamines
having 2 to 20 carbon atoms, such as ethylendiamine,
triethylene diamine, tetramethylene diamine, hexa-,
hepta-, octa-, nona-, deca-, undeca-, dodeca- methylene
diamine, 2,2,4-trimethyl hexamethylene diamine, 2,4,4-
trimethyl hexamethylene diamine and 3-methyl
hexamethylene diamine.

Examples of dicarboxylic acids include dicarboxylic
acids having 2 to 20 carbon atoms, such as oxalic acid,
succinic acid, glutaric acid, adipic acid, azelaic acid,
etc. Alternatively, the dicarboxylic acid (4) may be
synthesized by dimerization of unsaturated fatty acids.
Examples of these unsaturated fatty acids are: Pripol

1004, Pripol 1006, Pripol 1009 and Pripol 1013 sold by
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Uni chema North Anmerica, Chicago, Il1l., USA Exanples

of lactans include conpounds having 5 to 20 carbon
w@eong3248uich as e-caprol actam w enant hol act anPCT/IT2006/000355

w- undeca-| actam 2-pyrrolidone, etc. 5 Exanpl es of

am no- car boxylic acids include aliphatic

W am nocar boxylic acids havigng 5 to 20 carbon atons,

such as 6-am nocaproi c acid, 7-am noheptanoic acid,

BHAANO AU At tha 1 C1IEARSAPIIT. Acsh. 11-
am noundecanoi ¢ acid and 12-am nododecanoic acid. 10

The ide SEONBREanE PrEfBIED! ¥omgbeatsd Hanamg PA to
6, Pﬁﬂ%}f@'ﬂ BA 870 TPAGI 10 PA 6] 12 PA 6/ 36. PA 1L

ﬂ%“é%%b§ﬁ\é€%é§; éﬁ%ﬂh§§n958?pfeﬂgbﬁéﬂidéseﬁ&ntholactam,

mul t1 pol yam are preferably used, which are

0 . « i | id d C2-C12
SR oo & Gih Aseibegyl el 0o o
! SODL’E@]DIFélleé erepht al i¢ iand . naphihalene dicarboxyhicGuge

acid pol yam de segnents can“be al so obt ai ned

%ﬂéﬁgﬁggﬁgg§§%ﬁi8£c%§%$§§%£éc%%qaspra%q%. SeQf 266GPon

I'C acC € polyam de corponent can

| so 20 be .obtajned fr.omth Lo ,
sPeepdfiithg 1 o RS SAPLTERY ¢ ratayi fc Aapeepiinote

%cgfié‘t G e B G BonP A ] oAl 11

T BREISeeH 61 319 1 F0TPaTER Oe S

PCT/ | T2006/
The pogggagge.éegment 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. Furthermore, copolyamides or
multipolyamides are preferably used, which are obtained
from C,-C3s dicarboxylic acids and C,-Ci; diamines as well
as lactam 6, lactam 12, isophtalic, terephtalic and
naphthalene dicarboxylic acids.

The polyamide segments can be also obtained from
monomers of Cs-C12 lactams or monomers of Cs~Cia
aminocarboxylic acids. The polyamide component can also
be obtained from the polycondensation of the
corresponding diamine salts and carboxylic acids as
described above. By changing x, y and =z in the
polyether diamine triblock compound (Pe) of formula (3):

CHa CH, CHa

H N~ CHCH,0 45 CHyCHyCHyCHy~ O 4 CH,CHO;~ CH,CH—NH, (3)



10

15

20

25

a material is obtained, which has different physica
characteristics. If the material is required to be

whe@hl1$248%5 transparent, X must range between 2PERIr2606/000355

preferably between 3 and 4; y nust range between 6
and 12, preferably between 8 and 10; z nust range
between 1 and 5, preferably between 2 and 3. On the
other hand, if the material is required to 10 have
hi gh stress resistance, x nmust range between 2 and
10, preferably between 2 and 6; y nust range between

13 and FBtpriefierabsy bptweasqd}3 anficil; HaBUSWiffaRgGRnt
between 1 and 9, preferably between 1 and 5. The

Ly &hheendi-aptBeiktibkock conpound of Fornula 15
bei ng used can be identified as a pol yether

diam pe  tyddl oglet¥¥Xa1 This grQidRiirfedol doby HANTSNM1y
Corp., USA: with the code XTJ-5 is identified a

1{5@599 Rfchf, Wi GhsX FSndRPned i vel Yarkiugl theirably

approxi matively equal to 11 and z is

BRR &rm%i Vgﬁd 2. eqyial it o 115 h ddigysade <TdanB6 12,

is i1dentified the "material in which x is

éﬁ%fﬁ%%%”ﬂ[i?}é%gre%ﬁ“ 3 44 %Y 2 Smu pfgéggfb;@g ?énwlt and

Z IS approximatively

41500 Ko ARppehdanh 30,11 mmgerial 1w o
SEBATRY LSURLaAD 3209 S A Rt
have high stress resistance, x must range between 2 and
10, preferably between 2 and 6; y must range between 13
and 28, preferably between 13 and 21; z must range
between 1 and 9, preferabiy between 1 and 5.

The poly-ether diamine triblock compound of Formula
(3) being used can be identified as a polyether diamine
triblock X¥YX . This group is sold by HUNTSMAN Corp.,
USA: with the code XTJ-533 is identified a compound in
which x 1is approximatively equal to 12, vy is
approximatively equal to 11 and =z 1is approximatively
equal to 11. With the code XTJ-536 is identified the
material in which x is approximatively equal to 9, y is
approximatively equal to 17 and z 1is approximatively
equal to 8. With the code XTJ-542 is identified the

material in which x is approximatively equal to 3, y is

approximatively equal to 9 and z is approximatively



10

15

20

Three preferred conpositions of the polyether diam ne
triblock conpound are reported in Table 1 bel ow

waaprasshame x Y z XYX-1 3 14 2 XYX-2 5 14 HECT/KZH06R00355

319 2 5 Preferably, the polyam de-based polyner is
represented by the general formula (5):

HO- (OC- PA- CO-HN- Pe-NH) n, -H () wherein PAis the

pol yam de portion and Pe the soft 10 portion, i.e. a
fphyetiheraportion, whereas n is the nunmber of units
formng the polynmer. This polynmer has a nol ecul ar

vwei ghthFa0gi pgebelvean Ly iaidb0009E ThRepOlpyIBfether

descri bed above and used in the 15 present invention
dLa PR A &I@%&]@' 6GR8 Lee ré% gi-eehashyTabeel @ below:
exanmpl e sold under e nane of BESTA XPA 7M by UBE

| NDUSTRI ES, LTD. Exanplesrég1e|@art|cularly sui tabl e
commerci al | y avaiH-able—poebyrers—are UBESTA XPA

9055TH, UBESTA [XPA 8%@ UBBES'I'AQ(PA 201 90447"" ,
UBESTA XPA 90701-M— & harldresd—ot 1hé mhterial such

as measured using 007/ 1132484 ib2006/000355. 9
t he Shore D scaLe_§§§§gthate% kyfgI ; ast two digits
of XYX-2 5 14

XYX-3 3 19 2

Preferably, the polyamide-based polymer is
represented by the general formula (5):

HO- (OC-PA-CO-HN-Pe-NH) ,-H (5)
wherein PA is the polyamide portion and Pe the soft
portion, i.e. a polyether portion, whereas n 1is the
number of units forming the polymer.

This polymer has a molecular weight ranging between
19000 and 50000.

The polymers described above and used in the
present invention to obtain medical devices for
angioplasty are for example sold under the name of
UBESTA XPA ™ by UBE INDUSTRIES, LTD. Examples of
particularly suitable commercially available polymers
are UBESTA XPA 9055™, TUBESTA XPA 9063™, UBESTA XPA
9044™, UBESTA XPA 9070™.

The hardness of the material such as measured using
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the numeric code foll ow ng the wordi ng UBESTA XPA.

Different materials will be thus used for different
waig@g/13asxording to the desired hardness and PCT/IT2006/000355

flexibility, 5 by mxing themtogether either with the

addi tion of polyam de or not. The pol yam de-based

pol yner of the present invention may be used as such

for manufacturing nmedi cal devices for angiopl asty,

tRRY IHM @D Ve d @l e CBE i@l cdfledaby oohs , 198t atwechagiical of
m xture of the same also including polyamde in the

e]x (fﬁ e bediredehndiag | @hker woasengt NBBESTA  XPA.
po yam based polymer is conprised in the mxture

r]é}gf 0 Qo %, 1R efﬂ?c‘i@bl e 7xh®s 23/8edPF@r different
pref erably 60 to 40wt % the remaining part of the 15

JBeH Ure. Osl g pot a%ﬁgedeg ROhYAFHESsUsRE Emekﬁ§§§1ty,
ecte f:

mxtures IS Sé fromt e group conS|st|ng o)

5, By 5808 el Bl 1Pl g o
cgl&,af}ne C{esg}itljl&g conpound wi | | have mechani cal
S

racteri stics rredl at ed bet ween those of |ts baS|c

gg?{)ﬁgﬁ%ﬁ%" }(:aa“t”he‘? goﬁaésegcﬁd ::Po%slétr%r?:]gg arI y cat ﬁé:teg’rent
SR 5n 2B R 8 T BT B TR 8, megoms
eh ch’éé:sal har acatn%rllo% as%: As Co aircetglarf tESrne%ia%%leter
balloons, or a mechanical mixture of the same also
including polyamide in the mixture may be used. In the
latter case, the polyamide-based polymer is comprised in
the mixture from 10 to 90wt%, preferably 75 to 25%, more
preferably 60 to 40wt%, the remaining part of the
mixture being polyamide.

The polyamide used in these mixtures is selected
from the group consisting of: PA 6, PA 6/6, PA 6/9, PA
6/10, PA 6/12, PA 6/36, PA 11, PA 12 and PA 12/12.
Preferably, it is polyamide 12.

The resulting compound will Thave mechanical
characteristics mediated between those of its basic
components.

The medical devices for angioplasty, particularly
catheters and more particularly catheter balloons

obtained with the inventive material exhibit improved
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devi ces, particularly catheter balloons that are
obtained wwth materials known in the art, such as

w@eman3248whi ch i s manufactured by Arkema, and BPECT/IE006000355

FE7303, 5 manufactured by EMS. These i nproved
characteristics are illustrated herein bel ow al so by
means of conparative exanplygs. The bal | oons obtai ned
with the elastoneric material described in the
PhoseRh1l NVIeRt-48PeriBtidst adha¥yemparedl iin MiAe medical
characteristic of high flexibility and elasticity. In
hagh cegONSi gartngul Belyby ddwndddst i t vafiochdmat ekl  are
is meant the capacity of this material to return to
bb8ahkal RAkrs hare A rdcvd Nid idle ShAPe Hash Heeebax,
tenporarily changed by a defornmation, it is 15
H$RYEHSt 000 b BAE 52 thaldO ”ﬂgﬁeﬂg,aaﬁﬁﬁyg&HQéhﬁk@ FE7303,
material wll easily wthstand the nechanical stress
@QP&%QCE&:E%‘ _Hc'f PERs .edTﬁééé 0 ri‘langfr.o'v@til U Q1L igtics are

eflation ich is required ring an angi opl asty

i F q Al b i Slen :

PREACsER e SAPFLE ERLGY TSy (AR D atibive

' e object of the present invention has an
%g?ﬂ%&%?'conpliance characteristic, which is neant as

a percenta i ncrease .i.n ¢ he ball,oon di aneter. .
For [onfRgrags et i af ol bR e nateria

AREEPLES v 2007 $391Bs BCrHIEa006) b0k 11 have an
r

Leehinhance G, eV of  high  flexibility and

‘elasticity. In fact, comsidering that by flexibility of

a material is meant the capacity of this material to
return to its original shape after its initial shape has
been temporarily changed by a deformation, it is
understood that a balloon made of a wvery flexible
material will easily withstand the mechanical stress
caused by the repeated action of inflation and deflation
which is required during an angioplasty operation.
Furthermore, it has been surprisingly found that
the balloon made of elastomeric material being the
object of the present invention has an optimum
compliance characteristic, which is meant as a
percentage increase in the balloon diameter following
pressure increase, in addition to an optimum

characteristic of adaptability to the arteries and
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This conbination of the characteristics of good
flexibility on the one side, and optinmum conpli ance

w@pa7/18238F st ance on the ot her side charact eri zpGT/112006/000355

bal l oons 5 of the present invention and is further a
conbi nation of basic features for a balloon which is
delivered in a patient's arnterial systemduring the
angi opl asty treatnent. The conpliance test is carried
pabibyaneastoi dgpilbgmeh@.di aneter increase (in m) of

the ball oon being tested as conpared with the

pressmhesi nesmiobeationbass) the buhstacpeessties WED good
this experinent it has al so been possible to

aseribal htyyhah aHeOVfie aybd@geahdi 6K0EHREMC2BRA ialize and
mai ntained in the balloon wall as conpared wth nornal

tbstkpansescal thid Wtiast bHadé 08RSrabYeFRLaE ARG Hbns
burst pressure val ues. Consequently, with the sane

bal trenpdeaaBteinvank@War anal kst BluekResS o icdhbidhdtOMB] of
amount of material, can be used as conpared wth prior

BOs 86t Festidrast Ebk MRI BLE1 BHAY WHih bH%Stdeq ERMEF in a

levels (RBP). As a consequence, thls aracteristic

e 188 Envetd e mt erd te‘irF‘SUliﬁn? realhgioplast
%dvantage t hat baIIoongéian be usé mhléﬁ_are910p asty
Proyifdedewith a smaller profile whi ch requires

smal | er delivery devices, thereby 25 the delivery of

the opidelahoand,ge! Lugty denhee: bl big ¥O sd0UA33P  ne

PCT/ 1 T2006 o5 12 arteria sys
&{gﬁgﬁéfciﬂgfeégg Q%ﬁ'ﬁﬁS'of the balloon being tested as

compared with the pressure increase (in bars) to burst
pressure.

With this experiment it has also been possible to
ascertain that a lower average thickness can be
maintained in the balloon wall as compared with normal
thicknesses of prior art balloons, by maintaining high

burst pressure values. Consequently, with the same

balloon diameter, a lower wall thickness, i.e. a lower

amount of material, can be used as compared with prior
art, while still maintaining high burst pressure levels
(RBP) . As a consequence, this characteristic of the
inventive material results in the great advantage that
balloons can be used, which are provided with a smaller
profile which requires smaller delivery devices, thereby

the delivery of the catheter and delivery device in the
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This characteristic is particularly advantageous also
Wi th coronary nedi cal balloons, which require high

WO b@gitba4B3 t y, conpliance and | ow t hi ckness, naPCil/yTr2006/(00355

5 coronary total occlusion (CTO. In this case, in

fact, the artery is alnost conpletely blocked by one

or nore stenosis, and cathgpers nust be used, which

are provided wth a high RBP rate (Rate Burst

Friesslat) sybowm ibi tksessratmabécbabloanewahtiand.hi gh
tensile at break 10 rate, i.e. which are capabl e of

bei ngTHek | vehigfastéhl ot id hel s maddriciailtaribet weearidiyeous
stenosis and withstanding high inflating pressures.

dheo swhcaf ddi:@ﬁrﬁrg'hatfeiﬁ'tc%ﬂ $aTFob@s, bRBRIch require high
surprisingly fou usi ng the el astomeric material of

APk 1 $1 i BYENtdAip i@indeeraddk eBwa s Slthdds M X88n Mt Ryith
pol yam de. Due t0 the good flexibility, the ball oon

ESEORETDI £ @1t e PRESIIH  (B¥eNti e alisigs hassa, ggﬁdfact
manoeuvtability. In fact, the el astomeric materi al

@%éoaggegggf%SHEﬁbé@pééhﬁYeeél Olj1QuiKg e LhaCeralfbre

a good ptation to the vessel path. Accordingly,

éE@ﬁostarQﬁHeEhﬁhéEeﬂgsﬁubgpb%V%%eﬁheW%QQ@F%EE %&ovided

advancing the catheter, the ball oon 'being placed at

Jaﬂ,ehd' gt alhl d lilsrlﬁre&{ aI @ﬁgl@éheBﬁ Eﬁel P?.%%';S%[Pet)o low

reach the stenosis 25 [esion en t e narrow ng

{BERRLELY Rt LRCHL B0 S 2R Bidh! E§9§§ﬁ80%%5%reak
obtalneg e goo exi| y o oon al so
rate, i.e. which are capable of being delivered within
the small cavity between the stenosis and withstanding
high inflating pressures.

The sum of these characteristics has Dbeen
surprisingly found using the elastomeric material of
this invention, either taken as such or mixed with
polyamide.

Due to the good flexibility, the balloon according
to the present invention also has a good
manoeuvrability. In fact, the elastomeric material also
has a good capacity of following the trace and a good
adaptation to the wvessel path. Accordingly, this
characteristic also improves the capacity of advancing
the catheter, the balloon being placed at the distal end

thereof, along the vessel system to reach the stenosis

lesion. When the narrowing of the artery has been
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provi des the non-insufflated balloon with inproved
capacity to be placed at the stenosis obstruction. The

w0 prosaes adaptability of the material faciliteCEE20068000355

5 passage of the non-insufflated balloon through the
narrowed arterial region. This facilitated passage of

t he ball oon through the vendgs pat hway and through the
stenosis lesion finally ensures a | ower risk of

ehuaingd, f uthdergdadagEehibiilitoy t hef verioas IiiedA  also
i nvolved and 10 stenosis |esion. The good

phavideer i shiecs minfimexitilldted anchlBbant i Glith ofirg¥eved
bal | oon of the present invention then allowto obtain
tappiobdog, tohibeh pdraacaail vt tlge osiséyostHabBetetcEednlY The
an i nproved "return-behaviour” to the 15 origina

hpreted sidaptadikityeach sikhsefuebiialnsehél flifPes the
This allows one to use the sanme balloon for a greater

pasdege andf | opper dvhatihefelacklsubbliabibans chtkRigh the
flexibility is nmeasured by means of a bounce

hadexowred | by teeShlofr&P dPON Tuhes. raldie {8stedapadlage of
been carried out' according to the standards as

tlepobaBUoohy deddH eEnat yensls Opeam ia%afghr h the
t andar |§E?

St andardi zation and described in the

S5 1 d 99 si Hnb@ih@an v (ke Ravi éhérnylggtg% causing

di aneter is positioned by fixing the sane

BUPPSE  8EMbERBNho3HUCHo t BAL Qel®25 ragi

l ength is ob?aineé? The tip of aggéﬂ%gg€§?23%¥$%§§28§nd
U TZO0RLHPO355 14 that is connected to a

dynanmonmeter is just |eant against
The good characteristics of flexibility and

elasticity of the balloon of the present invention then
allow to obtain balloons, which are advantageously
chargcterized by an improved “return-behaviour” to'the
original diameter size, after each subsequent
insufflation. This allows one to use the same balloon
for a greater number and longer duration of
insufflations. The flexibility is measured by means of
a bounce flexibility test of balloon tubes. The test has
been carried out according to the standards as reported
by the International Organization for Standardization
and described in the standard ISO 14630: 1997. A balloon
tube having 0.9 mm outer diameter is positioned by
fixing the same to a support equipment, such that 0.15

mm operating length is obtained. The tip of a feeler
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the surface of said balloon-tube. This feeler is
lowered to contact the tube and the force is

wore@3nsrey which is required to obtain a certBCHIT2006/000355
| owering amount for the 5 feeler. The | owering speed
of the feeler is 20 mm n. The good behavi our of the
bal l oon with respect to weagg further derives from
high flexibility. In fact, during normal use of the
elngt opk asbynbat£aons, at Agnahomakiewrg igr §astr deeintd Ryainst
bal |l oon i s reduced throughout 10 subsequent repeated
theuthtabtenst Saifhbadliben-kabe,. Thhe Feeder is lowered
flexibility of the balloon made of el astoneric
@t ebhahcefl thbe RS &g | theNtbode | IB A¥EEuBE, which is
capacity of maintaining the value of breaking
BEQSSHEG a> EBtaLAl nedckekatine TeWePRhd OGRhoullt Sfor the
characteristic also 15 allows using the balloon

ﬁéépéﬂln@hé°lé@§rﬂﬁ§5§ﬁéediBfeﬂhéofeEQEraiQTQQtﬁh/min.
nunber of insufflations and a |onger duration of the

sane. rhe f gbbhehakadageopf rhie hahlRensy PPk akigdect to

with an élastoneric nmaterial of the present |nve%t|on

wéat Neurdhfoodbehayi of'f%ﬂ?f Hi%gx bfh.%&?ﬂih.@t&/{]ﬁeln fact,

tensile test. A test has been rried out on

@@H.Igg?snc%m%fe udd eSSt iy eﬁd}%&?{%&ﬁ?hg}%lé?ons the

eva ing the force Trequire oon to

%ggﬂéiﬁ% ggggguqfe g@néhlee.b%g&gg - h%§;?g§§§%82%}81%%0ut

SO ca out 25 accordin
FSPEEASERE) SRS ORI BT ORI e,
the good flexibility of the balloon made of elastomeric
material of the present invention improves the capacity
of maintaining the wvalue of breaking pressure as
determined for the new balloon. This characteristic also
allows wusing the balloon according to the present
invention for a greater number of insufflations and a
longer duration of the same.

A further advantage of the balloons obtained with
an elastomeric material of the present invention is the
good behaviour of the balloon in the tensile test. )

A test has been carried out on the balloons of the
present invention aiming at evaluating the force
required to cause the balloon to break by means of

tensile stress. This test has been also carried out

according to the standards as reported by the
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described in the standard |1 SO 14630: 1997. To carry

out the test, the balloons are attached at the one
wenw7/1848F eof to a fixed clanp, and at the ot heCT/Er2006/000355

a 5 nobil e cross-piece which noves at a speed of 50

mmmn, the balloon being elongated to break. The

el ongation of the balloon §{s calculated along with

the respective vyield load until a peak load is

sheds Yl eh | reaki Ngopoi e pladde faldaon and
lg'lﬁtga enl%fcoro?gs%g%ﬁg?ﬁgﬁ 10 breakitng | oad. Dule to =

d.r(ra:a cﬁ%ﬁ f _}Lﬁxitﬂ.bleigttﬁndg.rﬁu&Tsla)erl4§>%\f)a:ntf%§7 of ot Brry out

erl descri erern 1s an | nprove

Rr}gen 0 Ff‘:ue\gtab i I1:!htey Bgl ? J)né h %r@t Ig.%tt‘f';trcihe‘ei'1 €8t aptf:)rllé edddd end

Fi ous Cat heter portirons, such as i1nner tube, outer

5 tube, .tip. ln_fact c et rti of

eét%q%ﬁe}:f)c ?‘ratfgerlea %lc%: di %glﬁto hgﬁgr e@%}?ﬁfmgﬁd to =
I nvention rovide the catheter wth d_eapaci :
ngB 15 | GhPRE - BLRGSL MAGE aRd S o AdaRTati 3h by FRLmin:
vessel _ pat hway., Anot.her advant age of, usj .
tHR o LEOBs B8] SO ER AT T BhengTBPaLign of
bal | gons is the characteri,sstic of hi vi,scosity of . .
lh s B GI9RI Shd CHRELBERGC | PYOB NEFTE ai g T oREg L Ve
viscosity level also oyer tipe, This advantage .is.
vee1d cdPraf yrtekh #n ]rf%ﬁ‘gf?'ﬁl 'r§a§%‘(?81'f I‘%’?Ju‘f]?yls the
behavi our during the extrusion %g ocess to formthe,.
BERRK 179 GRPHAT CAEL hBSHRRLOBAT] 89EhERSROERE0 FRFFERRSRAing
PCT/ 1 T2006/ 000355 16 obtai ned. Accordingly, the
kreakbngr Leadat eri al

Due to its high flexibility, a further advantage of
the material described herein is an improved
manoeuvrability of all the catheter, when applied to
various catheter portions, such as inner tube, outer
tube, tip. In fact, the catheter portions made of
elastomeric material according to the present invention
provide the catheter with a good capacity of following
the trace and a good adaptation to the vessel pathway.

Another advantage of using the material described
herein applied to angioplasty balloons is the
characteristic of high viscosity of this material and
the capacity of maintaining a high viscosity level also
over time. This advantage is particularly seen in the
material’s good fluidity behaviour during the extrusion

process to form the tube, from which the balloon is then
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described in the present invention does not require
the polyamde fornulation to be added with

w@b@stsmsyers as adjuvants. 5 A further advane@gEr2006/000355

the el astoneric material described herein is the |ow
wat er absorption in aqueous solutions. In fact,

pol ymer substances are knowjgto absorb water and thus
tend to swell. The polyners of the present invention,

M Neegont r dbordu@dis,| ow g er dDasbsmepicon aRtRatial
tend to swell and thus exhibit very |ow weight and

JOLHFELEACE RA%R HrAMERUSI SR i SSdoed NAbE $RAPQre the
vol une and si ze rémai ni ng unchanged. This

SO ARIEE | $blrini Al V8T BeadVRREAUROUS pMBEREYizers as
during the step of extruding the tube fromwhich 15

gﬁfupﬁﬁﬁgpn is obtained. In fact, before extrusion,
alt the materials nust be put in an oven to | ose the

T e e T T

t hat exni ow water a us requires,

S5k AoBUTH P AP B LROBIDE, aquccns

ep, e tu ot rudi ng om

%g %g£8n£5 .ﬂ@séﬁﬂaégggﬁggﬁéﬁgiQﬁ?%%gﬁﬁggd gggli wn to

nks—cont ai ni n . rea € anmount o

{ th th | t ube t t .
$PeiFe "Ehet Aol HITE febotooBiities 1R Hedwple}® of che
ithin the t . wal | d .25 tl
RFEP 5o Eau T TL W hi 5% NERalCObR A . S S607} P dereT
PCTLL 12008/ 000355, 17 These ml.cto- Say tigs, ALenSuddenory

low weight and volume increase 1in aqueous solutions,
their shape, volume and size remaining unchanged.

This characteristic 1is also very advantageous
mainly during the step of extruding the tube from which
the balloon is obtained. In fact, before extrusion, all
the materials must be put in an oven to lose the
residual humidity of the grains. A polymer material that
exhibits a low water absorption thus requires, firstly,
a shorter pre-drying time. Furthermore, during the
extrusion step, the tube protruding from the die is
passed through calibration and cooling tanks containing
water. The greater the amount of water that the polymer
tube tends to absorb, the greater the risk that micro-
cavities are formed within the tube wall and

consequently micro-cavities within the balloon wall.



t hi ckness of the balloon wall and thus are likely to
be breakage weak points in the balloon. Furthernore,

w0 2003hsa4BT be noted that the 5 elastomeric nmaPEr/ITED0A®O3SS
described in the present invention has a high
chem cal resistance to hydrolysis in aqueous mlieu.
This chem cal stability to {iydrolytic degradation
contributes to increase the shelf life of the balloon

Tp%ts%' “%&é@a:{ hsaid Jmt esial , saliRes | kalda@Aswees dhat the

e particu nmechani cal characteristics of, the

t?lgl.l be{gl AIsF Wﬁ&é‘t@éi‘f ﬂv\ﬁéli' B84 -Eﬁﬁsp%‘i@@:l.]@lzpfto be

for proceSS|ng t el astoneric material being
b&g%k%?eeg}eaqg 18 Y e'?:the %j[;é‘?LerrPn can be carried
neans of one of a nu 15 of extrusion or

pul't r]:‘“égt%%r:n}e?%m que%. V\@'h%ﬂl%{ e yel I ngpayn tEhg.Eosethe

ski | | e drt, "at tenperatures ranglng bet ween
AT g FRELEEY, 3 Y ol ubes Bt TR (kecen
anfyglofﬁtr :ﬁxﬁﬁ?jﬂ%w altf%?]étn UEELEHRECT S ]?pawﬂyms
Sho G L offnl SERCIEMLEELoRY Biranesc

can be used when t 007/132485 P /IT2 Q /O 0
ﬁ?ﬁﬂQQﬁlQ%aFQEFEFggFFES dPSFFEE of esgﬁglv&

conmponents of the elastonerjc materi
m;c‘qalloon obtalnec'lc' vgfth sa:tLS matbel ng thslnce

it
10 ensures that the particular mechanical characteristics
of the balloon are maintained over time.

The production of tubes for processing the
elastomeric material being the object of the present
invention can be carried out by means of one of a number

15 of extrusion or pultrusion techniques, which are well

known to those skilled in the art, at temperatures

ranging between 150° and 350°C.

Particularly, the tubes intended for manufacturing

the balloons described herein have been made Dby

20 extruding the elastomeric material being the object of
the present invention by means of single-screw
extruders, at temperatures ranging between 200°C and

250¢°C.

Other extrusion temperatures can be used when the
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of the present invention are changed. The invention is
further described by neans of the 5 follow ng

wex@npbrsy which are referred only to the bal PODIRM06NY03SS

way of non-limting illustrations thereof, from which
the characteristics and advantages of the present
invention will appear even nmgre clearly. To carry out

the tests, different material mixtures 10 have been
plaangedhafhetealisadicry exdnpleatdesonsifr atthaM tihdividual
conparative tests that the nedical devices for
angpontassy off die elawsmidnit mieéeiabl petagheher ofect
parts thereof, have the above-nentioned inproved

chathet preséhes iaveneipar 8delbhungbathe devi ces nmade
of known materials, such as grilamd FE7303. EXAVPLE

1 Therhér shve@stiesth MxXtf{11tONSdSsSr Dbed OB Yineans of the
Pol yam de 12 and 60wt % UBESTA XPA 90631". 20 Several

%YEbﬁﬁthhékéﬁ%%isStiﬁﬁi@lﬁ N X Ure feBF &y r&mgtec%i the
Tabl e 2: 25 WD 2007/ 132485 PCT/1T2006/ 000355 1

BaPl Sors M ¥hUrPf of Chahatiflt Shg Mt had e Yokt AL eor,
- ic 60% UBESTA'I PA 9063

from which the characteristics and advantages of the
present invention will appear even more clearly.

To carry out the tests, different material mixtures
have been arranged.

The following example demonstrate with comparative
tests that the medical devices for angioplasty of the
invention, preferably catheters or parts thereof, have
the above-mentioned improved characteristics as compared
with the devices made of known materials, such as
grilamid FE7303.

EXAMPLE 1

The first tested mixture consists of 40wt$%
Polyamide 12 and 60wt% UBESTA XPA 9063™.

Several physical characteristics of mixture 1 are

reported in Table 2:



Melting 164 (UBESTA Point |SO 11357 C XPA 9063) 178
(PA12) dass transition | SO 11357 C -56 tenperature
WAIDMI1I288 MR (215C, 2.16 m/mn 7.3 Kg) tenBCT/E20661000355

di stortion
Mpa | oad Tabl e 3,
data 5 obtained froma flexura
extruded t ubes,

D638 Moa 38. 34
El ongati on Fl exur al
modul us Hardness ASTM D2240 i§hore D 67.5
tenperature ASTM D648 C 106
reported herein bel ow, shows the
t hat
fron1mhqg@1ghg baIIoons are

strength Tensile ASTM D638 % 450

t est

el astic ASTM D790 Moa 713

Heat

under 0. 46

is carried

obtained,

equent | Y tarfreth—wht-ch—are—rrade—of—etrastonmert+o
WIaJ V[)ZOO / 132485 PCT/ | T2006/ 000355 mixture of
Characterist . 40% pPAl2 -
ic Method Unit 60% UBESTA
XPA 9063
Meltin 164 (UBESTA
le?oijztg ISO 11357 oC XPA 9063) -
178 (PA12)
Glass
transition ISO 11357 oC -56
temperature
ASTM 1238
MVR (215°C, 2.16 ml/min 7.3
Kg)
tensile
.34
strength ASTM D638 Mpa 38
Tensile ASTM D638 % 450
Elongation
Flexural
elastic ASTM D790 Mpa 713
modulus
Hardness ASTM D2240 Shore D 67.5
Heat
distortion
temperature| ASTM D648 °oC 106
under 0.46
Mpa load
Table 3, reported herein below, shows the data

obtained from

extruded tubes,

which

a flexural

from which the balloons are subsequently

are

made

test that

of

elastomeric

is

carried on

material



20 according to the present invention. The tubes used
have 0.70 nm outer dianeter and 0.40 nm i nner
welr@mesrss This test confirns the characteri sSeCTIT2D06/000355
high flexibility of the material described above. In
Table 3 there are 5 reported the | oad val ues
(expressed in Newtons), whi@h are obtained at preset
| onering amounts for the feeler (1 to 8 M. Table 3
Wossdbeantd shleapoasent Srvgntiorn. nThe tubdsmusédnmhave
5mM6 mMm7 nm8 mm 1 0.015 0.021 0.024 0.028 0.031
Q. D32me. o84ed. G3ameZel. GiAl 00 043 Bm020n8r031ate®23. This
0.025 0.028 0.026 3 0.017 0.021 0.024 0.028 0.029
0eH30cOnf32ms. @B2 challkat®ei 2T H2BiHh082eRiBA9ity of
0.035 0.036 0.036 5 0.016 0.023 0.028 0.029 0.030
thd33nl B D. dcnidedgabdvelt @n02ta91825 0.t428% e are
0.029 0.031 0.033 0.032 10 The table shows a maxi mum
tapzolriped nthef 1bAB6vi @és ?e&%ﬂ’@sfs%@ eim tHa¥ebns Y Ni $hich
result is particularly significant as it points out
dife optatmbdS leXustdsetehabretehys binudit o heodt NVRAL ik 1 er
material. 15 To better appreciate the high flexibility
af tdes wipe nmade of el astoneric material according to
the present invention, a conparative test has been
carried

Table 3
Cross-beam displacement
Samp
le 1mm | 2 mm |3 mm 4 mm|5mm|6mn|7 mm| 8 mm
1 0.015/ 0.021} 0.024| 0.028| 0.031| 0.032] 0.034| 0.035
— 2 0.014/ 0.018| 0.020| 0.021] 0.023| 0.025| 0.028| 0.026
a 3 0.017] 0.021| 0.024| 0.028| 0.029| 0.030| 0.032 0.032
o] 4 0.019/ 0.023| 0.028| 0.032| 0.029| 0.035| 0.036| 0.036
8 5 0.016| 0.023| 0.028| 0.029 0.030| 0.033| 0.034| 0.033
Q.Aver
age 0.016; 0.021) 0.025 0.028 0.029 0.031| 0.033| 0.032

The table shows a maximum load point of 0.036 N at
7-8 mm feeler travel. This result is particularly
significant as it points out the optimal flexural
characteristic of the inventive material.

To better appreciate the high flexibility of the
tube made of elastomeric material according to the
present invention, a comparative test has been carried
out with equally sized tubes made of prior art grilamid®

FE7303. The results are reported in Table 4:
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out wth equally sized tubes nade of prior art
grilam dO FE7303. The results are reported in Table

W@ 2000MDB2A8D7/ 132485 PCT/ |1 T2006/ 000355 21 Tabl eP@r/1T2006/000355

Di spl acemen m xture 1 grilamd t FE7303 of cross-
aver age average values beamvalues 1 nm 0.016 0.026
2 mm 0.021 0.031 Z 3 nm 0.625 0.035 4 nm 0. 028 0. 038
(d cd 5 Mm 0.029 0.042 6 nmm0.031 0.044 a 7 nmm 0.033
0.044 8 nm 0.032 0042 WMaxi num | oad 0.033 0.044 Tubes
havi ng the sanme size have been used for the 5
conparative test. The vval.ll.aglrg Qlkness is 0.15 mMm The

vari ous nat grials—havethe—sare—degree—pf—hatdress. As
may be seenqlﬁpifétﬂe@e&% dihecumd er i al FEFORRxtufe 1
of the invientiof has & nmaxi mum | g ad, EE7393 <and
[ravel of i feaer WEIFISE | QuGE 4 hanvh Daekhown
1l mm 0.016 0.026
2 mm 0.021 0.031
™ 3 mm 0.025 0.035
= 4 mm 0.028 0.038
g 5 mm 0.029 0.042
8 6 mm 0.031 0.044
7 mm 0.033 0.044
8 mm 0.032 0042
| Maximum load | 0.033 | 0.044 |

Tubes having the same size have been used for the
comparative test. The wall thickness is 0.15 mm. The
various materials have the same degree of hardness. As
may be seen in Table 4, the material from mixture 1 of
the invention has a maximum load, at the same travel of
the feeler, which is lower than the known material, and
consequently an improved flexibility as compared with
grilamid.

A tube made of material from mixture 1 has 67.5
Shore D hardness, 713 Mpa flexural elastic modulus,
38.34 Mpa tensile strength at break and about 450%
elongation at break. With grilamid FE7303, the
comparative tests have demonstrated Shore D values,

flexural elastic modulus and tensile strength at break
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10 consequently an inproved flexibility as conpared
wth grilamd. A tube nade of material frommxture 1

wWhaw7632485 Shore D hardness, 713 Moa fl exural BCHBL20@6/000355

nodul us, 38.34 Mpa tensile strength at break and

about 450% 15 el ongation at break. Wth grilamd

FE7303, the conparative tegps have denonstrated Shore

D values, flexural elastic nodulus and tensile
sompaghblat krigak WHIHO7/ b3248G Gkd T2D06/ (8288 s 2% he
conparable with those of m xture 1, whereas the

elengatien ait bbeakk siabanod00%no&nseaeaghentiPe the
inventive mxture 1 has an inproved capacity of

£h0o8a8ien asxeumear el WhkB t g Knous:-& @&iuceapachey of
the compliance and flexibility tests, 31 balloon

SBHRGEE1BAVES besmpa%aemeﬁv thg ?cn%@n”gkelih@& .dianeter
at 6 bar rated pressure, with 0.02 double average wal

t hi ckfgSehe ThEm %Pﬂghb@nﬁﬁdt%§E£1§1§§E&‘%@s%%t @%ﬁballoon
measuring the O dianeter increase (in the

Sahb 088 BaiRg Y&st e@eé‘@edciﬁ%@ gd 1W'2t§1 r[i.rﬁ olEEFSHihmeter
S e nmost

increase (I n bars) to burst sure

i f d fr. this, t r rt
RS IS R 0 g s o
gﬂ burst pressure recorded t he standard

evratron

of the neasurenents perforned and the RBP

(RateghguééﬁplfgﬁééuEggtcglC% %&igd out by measuring the

diameter increase (in mm) of the balloon being tested as
compared with the pressure increase (in bars) to burst
pressure.

The most significant data obtained from this test
are reported in Table 5. The reported data relate to the
average burst pressure recorded, the standard deviation
of the measurements performed and the RBP (Rated Burst

Pressure) calculated.

Table 5
Balloon diameter 1.25
Double average wall thickness 0.020
Average burst pressure (bar) 23.04
Standard deviation 0.85
Calculated RBP (bar) 18.68

The following Table 6 shows the results obtained
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Tabl e 5 Bal |l oon di anet er

1.25 Doubl e average wal

t hi ckness 0.020 Average burst pressure (bar) 23.04
wEGe@ndass devi ati on 0. 85 Cal cul ated RBP ( bar)PABIR806A00355
Table 6 shows the results obtai ned WO
2007/ 132485 PCT/1T2006/ 000355 23 from conparative

The foll ow ng

measur enent tests of

"aver agg bur st

pressure"

and

“cal cul ated burst pressure” with the same ball oon

fli-3fet @smBdta €ouVd | encvriagremal lcedtisckBESStavdeiyeeburst
the m xture 1 of the invention and grilamd 5 FE7303.
p28k8ubem ind e ch1dulladd /S0 3pr&ashl-e» Datibhe the same

Average Burst Average Burst Balloon average bur st
BYE1868 byiaheHbameifgWedbulbl £SSaErage | WIBSSWifickness,

pressure cal cul ate pressure cal cul ate

bbelte (HBP) ibilnes1(baf) thd RBRYeatiBH) Snd
1.50 0 0.024 18.2314.27 2.00

. 020 21.

55 16. 65

r thicknes

Mdrilamid
0.030

%§7§g321.11 0.034 22.80 19.57 2.50 0.032 19.15 16.54
.0 19.95 14.03 F 3.00 0.038 22.88 20.90 0.042 22.96
18. 50
Table 6
mixture 1 Grilamid FE7303
Double Average Burst Double Average Burst
Balloon| average average
. burst |pressure burst |pressure
diamete| wall wall
- thicknes Pressure calculatethicknes;pressure calculate
(bar) d (RBP) (bar) d (RBP)
s (mm) s (mm)
1.50 0.020 21.55 16.65 0.024 18.23 14 .27
2.00 0.030 24 .94 21.11 0.034 22,80 19.57
2.50 0.032 19.15 16.54 0.038 19.95 14.03
3.00 0.038 22.88 20.90 0.042 22.96 18.50
As may be seen in Table 6, with the same balloon
diameter, the inventive material allows having a lower
wall thickness while maintaining good burst pressure
levels, as compared with the known product. This entails
great advantages in terms of applications, which have
been explained above.
A further advantage of the balloons obtained with

the elastomeric material from mixture 1 is the optimum
behaviour during the tensile test. To better appreciate
this aspect, comparative tests have been carried out

using balloons obtained with mixture 1 and balloons
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entails great advantages in terns of applications,
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ISR EGoffit §F§ Bhmi HONEEN IS eThel Sddbe @BHMBd are
behavi our during the tensile test. To better

f%?gf%ééﬂfh Hdh B @ppeCt, conparative tests have been
carried out wusing balloons obtained with m xture 1
and bal | oons WD 2007/ 132485 PCT/|T2006/ 000355 24
obtained fromgrilamd FE7303. The data obtained are
reported in Table 7. Table %abféd7(N) %)Elongatlon

M xte—-1—-9 1 50 Grila CE7202 Frety be

T =1

seef f romthe data rep rFQﬂd o % Efonsﬁﬁlﬂa| oons
obt gfiictuneth t he elastoner|0|nﬁf%|al of mixtBPe 1

ar e |[eohbanbda®EY3adre resi stant 20l have a per@ént age
el ongation at break equal to about twice 10 those
obtained with prior art materials. The | oad expressed

in Newton represents the tensile stress to be applied

t o braeskmépebealdezan. from the data reported in Table 7,

the balloons obtained with the elastomeric material of
mixture 1 are considerably more resistant and have a
percentage elongation at break equal to about twice
those obtained with prior art materials.

The load expressed in Newton represents the tensile
stress to be applied to break the balloon.

The mixture 1 is particularly advantageous for the
extrusion of coronary medical balloons, which require
high flexibility and compliance, mainly with coronary
total occlusion (CTO). At the same time, a high RBP
value (Rate Burst Pressure) is required, while
maintaining a low thickness of the balloon wall and a
high tensile at break wvalue. The sum of these
characteristics has been surprisingly found using the
elastomeric material of this invention, either taken as

such or mixed with polyamide.
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PCT/ 1 T2006/ 000355 25 EXAMPLE 2 The second m xture

2ASHQVESOUBBOTRYEPA| 9aaBle 12 and 40wt % UBESTA XPA

9063TM Several physical characteristics of m xture 2

are Sevepalt pihyisicedbl ehfradadlt£s8isk Xbr enBfture 2 are

Characterist Method Unit 60% PA12 - ic 40% UBESTA XPA

BEBErt | innpabBO 41357 164 (UBESTA Point C XPA 9063)

178 (PA12) dass transition | SO 11357 C -56

Table 8
mixture of
Characterist 60% PAl2 -
, Method Uni °
ic it 40% UBESTA
XPA 9063
Melting 80 11 . 164 (UBESTA
Point 357 C XPA 9063) -
178 (PAl2)
Glass
transition ISO 11357 oC -56
temperature
ASTM 1238
MVR (215°C, 2.16 ml (min) 3.5
Kg)
Tensile ASTM
strength D638 Mpa 46 .17
Tensile ASTM D o
Elongation 638 N 350
Flexural
elastic ASTM D790 Mpa 1066
modulus
Hardness ASTM D2240 Shore D 70.5
Heat
distortion
temperature| ASTM D648 °C 120
under 0.46
Mpa load




tenperature ASTM 1238 MVR (215C, 2.16 mMl (mn) 3.5

Kg) Tensile strength ASTM D638 Moa 46.17 Tensile o
wWQ2®7/1848hgat i on ASTM D638 Fl exural el asti c RSETKR2DKA00355

Mpa 1066 nodul us Hardness ASTM D2240 Shore D 70.5

Heat distortion tenperature ASTM D648 C 120 under

0.46 Moa | oad WO 2007/ 1324856PCT/ 1 T2006/ 000355 26

Table 9, reported herein bel ow, shows the data

obt ai nel1é&r oo a fdpxttaal hesteimhabeldwgar shéflsonthe data

extruded tubes made of elastoneric material according

dlotaihedpr esemt anvenkkarafir owewhi ciihiblte Hal | @RS iAE on

5 subsequent|y obtained. The tubes used have 0.90 mm

edt tlidedi BUBEEr made B£5818BbheeH cdmditelreh]l HiicrdESslg to

confirnms the characteristic of high flexibility of

the mpieséat invention from which the balloons are

subsequently obtained. The tubes used have 0.90 mm outer
diameter and 0.50 mm inner diameter. This tesf confirms
the characteristic of high flexibility of the material
described above. In Table 8 there are reported the load
values (expressed in Newtons), which are obtained at

preset lowering amount values for the feeler (1 to 8

mm) .
Table 9
Cross-beam displacement
Sample] 1 mm | 2 mm | 3 mm | 4 mm | 5 mm | 6 mm | 7 mm | 8 mm
1 0.009] 0.020f 0.032] 0.044| 0.053| 0.056{ 0.057, 0.057
— 2 0.014| 0.027] 0.038| 0.050/ 0.057| 0.060| 0.062| 0.062
a 3 0.015] 0.028] 0.039 0.050| 0.060| 0.061] 0.062| 0.063
o] 4 0.015 0.028| 0.043] 0.051| 0.062| 0.067| 0.073| 0.070
8 5 0.012/ 0.030] 0.038] 0.052| 0.061| 0.065| 0.067| 0.067
l':lAverag

e 0.013] 0.027| 0.038| 0.049| 0.059| 0.062| 0.064| 0.064

The table shows a maximum load point of 0.073 N at
a feeler travel of 77 mm. This result is particularly
significant as it points out the optimal flexural
characteristics of the inventive material.

To better appreciate the high flexibility of the
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descri bed above. In Table 8 there are reported the
| oad values (expressed in Newtons), which are

wobioaiiseaes at 10 preset | owering anount val ues POF/I120&/000355

feeler (1to 8 m). Table 9 Cross-beam di spl acenent
Sample 1 M2 mMm3 M4 M5 M6 nm7 mMm 8 mm 1
0.009 0.020 0.032 0.044 0.05%3 0.056 0.057 0.057 2
0.014 0.027 0.038 0.050 0.057 0.060 0.062 0.062 3

PuBdS fa828 O 0391 Hs05RePi 86U OFlaD. WLcd:dbidr kd the
0.015 0.028 0.043 0.051 0.062 0.067 0.073 0.070 5

grgééng - Q30 R332, 0-95%091pg.§31t91vg65:e%t_06ﬂa9 . B8én VE@{AHied
0.013 0.027 0.038 0.049°0.059 0.062 0.064 0.064 15

e éqke]fyﬁ j d intef ;0 t
gelgl gﬁ@thr av of?gg_én?nau%:b%%r ggﬁ{ cl)g %a;ntgi?%lﬂ!é—% y‘@ldely
EEQB'E§CEHE g3l t @ﬁﬁnkésﬁiEsFQ%eoEkggﬁke%!%é“&%ble 10:
characteristics of the inventive material. To better
appreciate the high flexibility of the WO 2007/ 132485
PCT/ 1 T2006/ 000355 27 tube nmde of el astoneric
materi al according to the féﬁfgnioinvenyion, a

conparative .t_est_has__bxn_gau-ped——om—w-t-h—eqaaﬂ y
si zed tubes [PARRLIFCBERRL e gl oWhdEl y Chislédtidh t He
art. The results fre rejported in Thbl e PB¥303% Tafle 10
of cross- average
average values
beam values
1 mm 0.013 0.009
2 mm 0.027 0.025
= 3 mm 0.038 0.041
- 4 mm 0.049 0.052
g 5 mm 0.059 0.062
o 6 mm 0.062 0.066
7 mm 0.064 0.069
8 mm 0.064 0.068
| Maximum load | 0.064 | 0.069 |

Tubes having the same size have been used for the
comparative test. The wall thickness is 0.20 mm. The
various materials have the same degree of hardness.

A tube made of material of mixture 2 has 70.5 Shore
D hardness, 1066 Mpa flexural elastic module, 46.17 Mpa
tensile strength at break and about 350% elongation at
break.

In the compliance and flexibility tests, 31 balloon
samples have been tested having 3 mm outer diameter at 7

bar rated pressure, with 0.0383 double average wall
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Di spl acemen m xture 2 Gilamd t FE7303 of cross-
aver age average values beamvalues 1 nm 0.013 0.009

w@200m8e4827 0.025 3 nmm 0.038 0.041 4 nmm 0. 04BCOII28@®/000355

(d cd 5 Mm 0.059 0.062 Fq a 6 nm0.062 0.066 7 mm
0.064 0.069 F 8 mm 0.064 0.068 Maxi mum | oad 0. 064

0. 069 Tubes havi ng the sane28i ze have been used for
the conparative test. The wall thickness is 0.20 nm
dheckA8s¥ari ous materi als have the sanme degree of
hardness. A tube made of material of m xture 2 has

70. 5 Bher @omplhahdeessst 1066 chpaiklievutalbyeheldi-ing the
nodul e, 46.17 Mpa tensile strength at break and about

Sbofeebongatiensat (ifr fak. o¥5the 1l 16RIPeaREe tiiited as
flexibility tests, 31 balloon sanples have béen

é&ﬁ@&ﬂeaawl%% 3: gﬂé@éugéaﬁ?ﬂc%a@e 7(Jirpa]5af§f edo burst

pressure, doubl e average wa
5¥@gé&§g485 PCT/IT2006/000355

The most significant data obtained from this test
are reported in Table 11. The reported data relate to
the average burst pressure recorded, the standard
deviation of the measurements performed and the RBP

(Rated Burst Pressure) calculated.

Table 11
Balloon diameter (mm) 3
- Average wall thickness (mm) 0.038
Average burst pressure (bar) 22.88
Standard deviation 0.38
Calculated RBP (bar) 20.91

Comparative tensile at break tests have been
carried out also for mixture 2. The data obtained are
reported in Table 12.

Table 12

Load (N) % Elongation
Mixture 2 23 125
Grilamid FE7303 21 45
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28 thickness. The conpliance test is carried out by
measuring the dianeter increase (in nmm of the
wh2io7osashei ng tested as conpared with the prPSHIF2006/000355
increase (in bars) to burst 5 pressure. The nost
significant data obtained fromthis test are reported
in Table 11. The reported arelate to the average
burst pressure recorded, the standard deviation of

t he wo%@enaﬁtgggraer et @nghikherRBP2  hwdRakedgreater

Burs ressure) c ulated. Table 11 Ball oon di aneter

3 .
I el g?égggéggfﬁg%ci%%{%%ﬁ%%ﬁnﬁﬂﬂg £1838at MHART @€ break

St andard devi ati on 0. 38

lgul ate ) 1 il Med apsih epBd t
“ﬁgé%kE%%EﬂggﬁgvéH%éeﬁ %g%cgpggggqgutjélso for ﬁ?xt%ﬁear
2., The .data obtained are reported in Table 12. Table
Wﬁfﬁﬁiﬁ}%wﬁ % El ongation Mxture 2 23 125 Gilamd
FE73 WO 2007/ 132485 PCT/ 1 T2006/ 000355 29
Bal | ned wwth m xture 2 have a greater

To better appreciate the characteristics of
flexibility of the balloons made of elastomeric material
of the present invention as compared with those of the
prior art, comparative bounce £lexibility tests have
been carried out such as widely described above. 10
balloons have been used to carry out this test:

5 balloons made of a material as from mixture 1
(40% Pal2, 60% UBESTA XPA 9063™); 5 balloons made of a
material widely used in the prior art.

The test has been carried out by mounting the
balloons at the distal end of 10 catheters having the
same technical characteristics. The catheters differ
from each other only by the distal balloon. The results

are reported in Table 13:

Table 13



break resistance and a percentage el ongation at break

which are nore than twi ce those obtained with prior
wa@eao7/1sEB8eri als. 5 EXAMPLE 3 To better appreci BCBIT20&6/000355

characteristics of flexibility of the ball oons nmade

of elastoneric material of the present invention as

conpared with those of the30prior art, conparative

DOUNCE TTEXT Dekbiy-Bekl AiBg¥&cdimbnteen carr| ed out] such
SCT LY BRAVE mml{05 @] 5 ORRE 7NaX ¢ sher MasGdun
O carrly out|this|test: 5 balloons made of 4 mat grivallue
as T OMITIL I §15 [0 (65b b 840 . 89500 8E= 4 0% 9(%?9 ). 029
2 J%}.E .':‘pz‘i 0023802 ‘6‘ o% “65.‘0211@%;5 0.031
B 0. 0040 0080 00|00 20 4130 . 018T0 L7 |0 Y016 0.018
= __G;fil,'q';'f 0. 048!0 :b _.9t 0. 0210 0260, 027d:,029/0". 027, 6U026_ 0.029
SO ER RS Ty G T [N NP YO EIN G AP (DN P21 IR
T U didal 150 SH, 0 a0 ;:%é‘ al,dgii.' 0, 025100251 01;,9_25\‘1
S 904000 954105 05849 029 o823 © 023
RTE 16 07t 028
%“"*"*” 07 09 B O ; A;_‘“,@zg ’ _”?;Eigz,‘ﬁéqﬁsg
0. 094 0|06 PI210. G35 00082 (9460 04810 047]8- 77 (0. 048
0. 023 0.026 0.029 0.031 0.030 0.028 O 031
Legenda: Table 14
Balloon Balloon
Sample diameter length material
(rum) (mm)

3 1.50 20 mlxture 1 (40° PA12/60/ UBESTA XPA 9063“)

grilamid FE7303

(40% 9A12/ sof UBESTA XPA™

gﬂgrllamld EE7393

7 2.25 20 mixture 1 (40% PA12/60% UBESTA XPA 9063““)

grllamld FE7303

19?4&@55?1& FE73°3 L

10

The test has been carried out with pairs of
balloons having the same diameter, the same length but
different constitutive materials.

As may be seen in the comparative test, the
balloons made of a material according to the present
invention are considerably more flexible than those made
of prior art material.

As may be seen from the analysis of data, very high
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3 0.004 0.008 0.010 0.012 0.013 0.018 0.01710-016
0.018 4 0.016 0.019 0.021 0.026 0.027 0.029 0.027

w0202483038929 . 5 0.007 0:,008 0.011 0.015 0. . 0PdI/1T2006/000355

0.02-,5 0-, 024 0.024 0.025 6 0.005 0.008 .0 012 O

015 0.020 0.023. '0.025 0. 025" 0.02.5 a 7 0.004

0.008 0.011 0.014 0.018 0.029 0.021 0.023 0.023 8

0.011 0.012 0.017 0.021 0.023 0.025 0.028 0.027 0.028
8203084500k 0drd. obtlimed O20cR. @26, 025mOxB3Bes of
0.026 113 0 .026 0_93219-.0,35 0.042 0.046 0.0 .: 047
&xample£510a4482 lLegesd8horabbe f4 Bakdtege Baldiaon 203 pa
Sanpl e dianeter length material (mm (m) 1 1.15 20

12 xtati®@ BoHAO0UuBAsSt?/ GOpa UBIGEBA MPA 28635 ' Ehozel.-B5 For
20 grilamd FE7303 3 1.50 20 m xture 1 (40% PA12/ 60%

hBESTAe XPA 9863 ) 704 1pAD2 2Quer | haw duBEE3A3 DpR. G 20v) |
m xture 1 (40% 912/ - EO- UEESTA hG 9063"") 6 2.:00 20

e enkdeEE;, 73@%r§1 2 At gjhzo M sk £ 1 (réQL{%EAl%é@Q% been
UBESTA XPA 9063" 5 20 grilamd FE7303 9 20

lﬁ@we{réa‘feoiaj:éﬁgllea.Pﬁ‘fiﬁ%/ &f tra {UBERIA éﬁ&%@&3£lsb .f:l: m the
2.50 20 grilamd N E7303 The test has been carrie

Ssthpai-hPipal kegef re%rjt‘é@.n siDavid geﬁgrﬁ?féng g&a%'in?arlng

the sane length but™ 5 different constitutive

ABELELEhE. BS1TBNDE SReNchBsLNesicorPag ative L85ty d N pe

reported values will clearly appear as significant in
order to define the good compliance characteristic of
the Dballoons according to the present invention.
Particularly, the burst pressure data as stated above
are significant in combination with the characteristic
of good flexibility of the balloons. In fact, it can be
deduced that the balloons being the object of the
present invention have a compliance characteristic which
is wusually found in much less flexible materials.
Furthermore, the novel balloons as described herein have
the significant advantage of a greater burst pressure
and hence a higher RBP, in addition to a less percentage
diameter increase between the rated pressure and said
RBP, as compared with those prior art balloons having
comparable hardness characteristics.

Furthermore, the low value of standard deviation

calculated on the tested balloon samples demonstrates
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bal | oons made of a material according to the present
i nvention are considerably nore flexible than those
wor@a/ 13385 prior art material. 10 As may be seePCT/IT06/000355
the anal ysis of data, very high WO 2007/ 132485
PCT/ 1 T2006/ 000355 31 hardness val ues are obtai ned
with these 2 mxtures of @&Ranples 1 and 2 (67.5 Shore
D for mxture 1 with 40% PA 12 and 600 UBESTA XPA
tDe6hiEM and ki tShooé Dehewionirxtemde chagadi a0stRiat of
and 30% UBESTA XPA 9063TM . 5 Neverthel ess, very high
thieevaidloorad usistdraved bekhh hbee nevedbtng readi,aIThagcording
detail has energed also fromthe conparative test
toepohé ebrigrdiite examitd ch byMopapaeirng tiisf elert is an
bal l oons. To those skilled in the art the reported
ivdlettes of | IhTdlear kgpappaaibatisygnidi catie i nad-Gantageous
to define the good conpliance characteristic of the
challaeers iaeiedi npdaifiie pPesatie | Nyeltooms being the
Particularly, the burst pressure data as stated above
oMRct OF HheannvahtGUideidrabead tHerddie characteristic
good flexibility of the balloons. In fact, it can
be lgpdedjsnd &baplilgcbakhaenstbelipgithe «ibj s Bhlloon
the present invention have a conpliance

AL hSHH CeMbi elgstomEsyal atkeurd idedaicibd®stn the
flexible materials. Furthernore, the novel ball oons

A LeRCT i ReAn PEERT AL o 2%5@ vEhgnidd icanba2d¥ankage othe
a greater burst pressure ence a higher RBP, in

cg%nta ttﬁgegatpg,zs @;%rc%%.@eag%hedl %E%'kerohfncbﬁéﬁﬁlng the

et wee pressure and sa
vessel due to a too high expansion of the balloon is

low.

Those skilled in the art will readily understand
that the elastomeric material being the object of the
present invention can be also used for manufacturing
medical devices for angioplasty, particularly catheters
or parts thereof, such as tubes, balloons, connections,
tips, etc.

Advantageously, it has been found that the
elastomeric material being the object of the present
invention can be also used in tubes and/or multi-layer
balloons, i.e. consisting of layers made of different
materials, with different mechanical characteristics.
Particularly, tubes and balloons for catheters are known

to be used, which consist of several layers of different



RBP, as conpared with those prior art ball oons having
conpar abl e hardness characteristics. Furthernore, the

wo ow7a3d48® of standard deviation 25 cal cul at ePCDIT20068000355
tested ball oon sanpl es denonstrates WO 2007/ 132485
PCT/ 1 T2006/ 000355 32 the high uniformty of behavi our
and characteristics of the3Balloons obtained with the
novel material according to the present invention.
maEesials tleee ddbxr i examplendsteardft hivgh 03/072177) . The
reproduci bility of the advantageous 5 characteristics
a@eentageofoft heshabl conkt belagethecuky eahdofbdhBoons is
i nvention described herein. The good conpliance
that adiiéfestnts maft drfim Izl dawnbeohisaidnegbmi thet R8ner and
el astoneric material described in the present
duwvent iwarllal,| ovheppl yhages2hUs baldiaRNsskletb8dlbased on
coronary therapy, because the risk of breaking the
tiestel métkah el t GRahhgbeexgansson of the balloon is
| ow. Those skilled in the art will readily understand
that the elastoneric material being the object of the
15 present invention can be al so used for
manuf act uri ng nedi cal devices for angi opl asty,
particularly catheters or parts thereof, such as
t ubes, ball oons, connections, tips, etc.
Advant ageously, it has been found that the 20
el astonmeric material being the object of the present
i nvention can be also used in tubes and/or multi-|ayer



bal | oons, i.e. consisting of |ayers nmade of different
materials, with different nmechanical characteristics.
woa00viiza4Bar |y, tubes and bal | oons for cat het er BCHIE006/000355

known 25 to be used, which consist of several |ayers
of different WD 2007/ 132485 PCT/ | T2006/ 000355 33
materials (see for exanple pdatent WO 03/072177). The
advant age of using nmulti-layer tubes and balloons is
that different materials can be used for the inner and
outer walls, these materials being selected based on
5 their nechanical charact etliziMss. WO 2007/ 132485
PCT/ 1 T2006/ 000355 34 CLAIMS 1. A nedical device for
Bn@ opkddtylordepaides fFber enigiophhstyi o ©§ thereof,
el astonmeric material, characterized 5 in that said
el shtieteric madericdl SHPtResi@ mpekyagide-daseldterized
pol ymer obtained fromthe polynerization of a

5  codpouneh#er msag dpol ¥k eemdt D6 KS madthati 415 Sebftedes a
fromthe group consisting of an am nocarboxylic acid
of pbokemide-bastad a |Ratama:of a (2fy
R Ry e % ERECS ) vl\ﬂoﬁ%ﬁ%)%l yet from  the
gh?GQQQQEﬂﬂaﬂﬁaﬁ‘Bﬂngnﬁﬁhﬁguﬁ@rEEkﬁin§3£oiyéﬁigéskﬁﬂ%ks

that is selected from the group consisting of an
aminocarboxylic acid of Formula (1) and a lactam of
10 Formula (2):
H,N-R1-COOH (1)

@ (2)

with a polyether diamine triblock compound of Formula

(3):

15 CH, CH; CH;
HoN—{ CHCH 0+ CHyCH;CH;CHy~ O+ CH,CHO 4~ CH,CH—NH,  (3)
and a dicarboxylic acid of Formula (4):
20 HOOC- (R3) ,~COOH (4)

wherein the groups R1l, R2 and R3 are each binding groups
comprising a hydrocarbon chain therein that may be
interrupted by one or more amide groups; X is an integer

from 1 to 20; y is an integer from 4 to 50, =z is an

25 integer from 1 to 20; m is 0 or 1.



10

15

20

25

H2N- E- CHCH2O- - CHOCH2CH2CH2- O CH2CHOL_ CH2cH NH2 (1 3)
and a dicarboxylic acid of Fornmula (4): 20 HOOC - (R3)

wWOonR@OmB248%1) wherein the groups R, R2 and R3 BCEIRA@IN00355

bi ndi ng groups conprising a hydrocarbon chain therein
that may be interrupted by one or nore am de groups;

x is an integer from1l to 33, y is an integer from4

to 50, z is an 25 integer froml1l to 20; mis 0 or 1.

WO 206y / 84851 PV ¢20es/cedddty t35 @laithelpedihealein R1
device according to claim1, wherein R and R2

i néeyendent | indepgmdeart iy abbypeheegr anp aNawilrgme? tdroup
20 carbon atons and am de bonds, R3 conprises an

al hpheney groupohawd NGalcBon 2@ teathoand abafiBe XodbBdE@) R3
integer from1 to 18, preferably 1 to 16, y is an

| ntcegyr ifdedn 4nt caBidyl el erralyy haoih§ 104D, 200T@rbon
preferably from8 to 30, and z is an 1Integer froml

t 0a2dmsr ef e1abhy fineeydrt @rbh 10t6 18! eheeaBkULAKOM to
1 to 12. 10 3. The nedical device according to claim1l

or 1%, Wheigi Bn Xinteq¥W Zrémes3.itdlds02 PreklBYLRLE fPom 5
14, 4, respectively, or they are 3, 19, 2,

regReciisyelpord pFBecpBEN Gl rdGyi @8 @5cadi Nngr§0.anYs an
claim1l to 3, mﬁereln said am nocar boxylic acid of

rﬁggﬂtléée(rl)ff&ﬂi 113586 |§féf§3¢?£l§'orf@&r@ 1 Zgzoaﬁg, more

pendently aliphatic, Icyclirc®or aromatic. 5.

The JBd.cal1 Aevige aGePprdi ng to any claim1l to 4,

3. The medical device according to claim 1 or 2, wherein
X, y and z are 3, 14, 2 or they are 5, 14, 4,
respectively, or they are 3, 19, 2, respectively.

4. The medical device according to any claim 1 to 3,
wherein said aminocarboxylic acid of Formula (1) and
said lactam of Formula (2) are independently
aliphatic, alicyclic or aromatic.

5. The medical device according to any claim 1 to 4,
wherein said aminocarboxylic acid of Formula (1) and
said lactam of Formula (2) are independently obtained
from the reaction between diamines and aliphatic,
alicyclic or aromatic acids, or salts thereof.

6. The medical device according to claim 5, wherein said
diamine compounds include diamines having 2 to 20
carbon atoms, such as ethylendiamine, triethylene

diamine, tetramethylene diamine, hexa-, hepta-, octa-



wherei n said am nocarboxylic acid of Formula (1) and

said | actam of Forrmula (2) are independently obtai ned
wQ@o7nse¥s: he reacti on between di am nes and al i pPETEIT2006/000355

alicyclic or aromatic acids, or salts thereof. 6. The

nmedi cal device according to claim5, wherein said

di am ne conpounds i ncl ude di3am nes having 2 to 20

carbon atons, such as ethyl endiam ne, triethylene 25

di am menat et deet-hy | endedaam mnddwexa- mehbplane atiamine,

WO 2007/ 132485 PCT/ 1 T2006/ 000355 36 nona-, deca-,

unée a4 - tdoideddryIret hHexamediteylieres 2,3, odnditrre et hyd, 4, 4 -

hexanet hyl ene di am ne, 2,4,4- trinethyl hexanethyl ene

di amimetdnyd. 3- neéhyhethekanet hyldramidican nend5 7.3 -Hechyl

nmedi cal device according to claim1, wherein said

di hexamadhyd easd dlilim@nd sai d di carboxylic acids

according to claim5 include dicarboxylic acids

5  hauheg redicD devbes atesbdingeter abbymoxdl whed@ith said
succinic acid, glutaric acid, adipic acid, azelaic 10

aCddca&boHﬁlr&dla@‘ﬁ'd dey) Ceaﬁécoézﬂidﬂg di‘ba@!fb’o:@;}ﬁién hcids
to 7, wherein said dicarboxylic acid (4) is

syaklkesidesy bito didriiat sonigkiyagat Widkediktitit acids
acids, preferably Pripol 1004, Pripol 1006, Pri pol

109&@8@7 Fripgl 2012153 a@corﬂg‘ev\gfgféfébﬁﬁvb %.llc acid,

according to any claim1l to 8, erein said | actans

( 2kuickeghude 8@%9”%1’5@:&’1@9&1& adipic acid, azelaic

10 acid.

8. The medical device according to any claim 1 to 7,
wherein said dicarboxylic acid (4) is synthesized by
dimerization of unsaturated fatty acids, preferably
Pripol 1004, Pripol 1006, Pripol 1009 and Pripol

15 1013.

9. The medical device according to any claim 1 to 8,
wherein said lactams (2) include compounds having 5
to 20 carbon atoms, such as e-caprolactam, w-
enantholactam, w-undeca-lactam, 2-pyrrolidone.

20 10. The medical device according to any claim 1 to 9,
wherein said amino-carboxylic acids (1) include
aliphatic w-aminocarboxylic acids having 5 to 20
carbon atoms, preferably 6-aminocaproic acid, 7-
aminoheptanoic acid, 8-aminooctanoic acid, 10-

25 aminocapric acid, 1l-aminoundecanoic acid and 12-
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to 20 carbon atonms, such as E-caprolactam W
enant hol act am w undeca-|actam 2-pyrrolidone. 20 10.

wab@7nedstal device according to any claim1 tBCBIT2006/000355

wherei n sai d am no-carboxylic acids (1) include

al i phatic w am nocarboxylic acids having 5 to 20

carbon atons, preferably 6-3&M nocaproic acid, 7-

am nohept anoi ¢ aci d, 8-am nooctanoic acid, 10 25
amanrygapladecagiad,c Elighd noundecanoi ¢ acid and 12 WO
2007/ 132485 PCT/1T2006/ 000355 37 am nododecanoi c

ati d. The. mEHé caddidesli cee\damoationy diegahy abyiml ai radl 10,
to 10, wherein the polyam de segnent is selected from
PAwWherelA 6l PALFaRIdPAseHentPA H/ 4@ ePled/ BOomPAhA 6,
11, PA 5 12 and PA 12/12, or is obtained from C2- C36

di @ kgl iBAae)ds BAd6ZA-0C1 i efinespafl 6@pEOPANErS, PA
of C6-Cl2 | actanms or nononers of C6-Cl2

anupocashdxylsac 22/08, 1dr ThesmedalimdlVi C€rom  Cy-Cais
according to any claim1l1 to 11, 10 wherein said

poldanirtexdyaded NOiJaeantS d,eptL£S@MBihedy FebMlUhdnomers
(5). HO (OC-PA-COHN-Pe-NH)n-H (5) wherein PAis the

polorangde; parddinnelr RlohémarsPeky et ber, %ﬁfﬂﬂd@brboxylic
whereas n is the nunber of units 15 formng the
polyidls. 13. The nedi cal device according to claim 12,
wherein the nol ecul ar wei ght of said pol yam de-based

POl Y"Bhe medical device according to any claim 1 to 11,
wherein said polyamide-based polymer is represented
by Formula (5).

HO- (OC-PA-CO-HN-Pe~NH) ,-H (5)

wherein PA is the polyamide portion and Pe is a

polyether portion, whereas n is the number of units

forming the polymer.

13. The medical device according to claim 12, wherein
the molecular weight of said polyamide-based polymer
ranges between 19000 and 50000.

14. The medical device according to any claim 1 to 13,
wherein said polyamide-based polymer is selected
from: UBESTA XPA 9055, UBESTA XPA 9063, UBESTA XPA
9044 e UBESTA XPA 9070.

15. The medical device according to any claim 1 to 14,
wherein said polymerization is carried out using 15

to 70wt% of said compound of Formula (1) and/or (2)



ranges between 19000 and 50000. 14. The nedi cal device

according to any claiml1 to 13, 20 wherein said
w@oioyasa4se- based pol ynmer is selected from UBKITA 2608000355

9055, UBESTA XPA 9063, UBESTA XPA 9044 e UBESTA XPA

9070. 15. The nedi cal device according to any claim1

to 14, wherein said polynerd8zation is carried out

using 15 25 to 70wto of said conmpound of Forrmula (1)

an@ncr #2niwbu2e076132488 RETHPpFRDS/ 0G0 FEmrmB3 arfd)a and

m xture of said conpounds of Formula (3) and (4),

wi t()t,otwellc hwioglatl meigihniy dargmiR) o836 thb.85Rhe

nmedi cal device according to claim15, wherein said

pél ynEhe zakiddrails daridedaeubriyng Xogebad® 15, wherein

compounds of Fornula (1) and/or (2), said conpound of

Forsadlda p3lymedigatdononpeunchiodiddr @ta b¢) mbying said
heating at a tenperature rangi ng between 150 and

5 30Qcmprieiser 1 Wwhweiveen(160a280028Q8) ,M@e8d compound of
preferably 180 and 250C. 10 17. The nedi cal device

ac ¢RreiG t Q3¢! ahid 13074 L&omptigiel BESakdrmula (4), by
pol ymeri zation is carried out by pre- polynerizing

saindatameounds af fenpubac(iir aPhging2)vetiddnsSaish and

compound of Formula (4) and subsequenily adding said
conp@ind ofpFfdRHIl f 3) YR welte Pr €645 RRIYMEHghPES  nore

obtai ned, until the ‘polymerization is conpleted. 18

Th%r@@@fgglydngc%n@pggﬂﬂbng to any claiml to 17,

10 17. The medical device according to claim 15 or 16,
wherein said polymerization is carried out by pre-
polymerizing said compounds of formula (1) and/or (2)
with said compound of Formula (4) and subsequently
adding said compound of Formula (3) to the pre-

15 polymer thus obtained, wuntil the polymerization is
completed.

18. The medical device according to any claim 1 to 17,
wherein said elastomeric material further comprises
polyamide.

20  19. The medical device according to claim 18, wherein
said polyamide is selected from: PA 6, PA 6/6, PA
6/9, PA 6/10, PA 6/12, PA 6/36, PA 11, PA 12 and PA
12/12, preferably polyamide 12.

20. The medical device according to claim 18 or 19,

25 wherein said polyamide-based elastomer according to
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wherein said elastoneric material further conprises
pol yam de. 20 19. The nedi cal device according to

web@rns28y wherein said polyam de is sel ect edPE¢T/oren06RM0355

6, PA 6/6, PA 6/9, PA 6/10, PA 6/12, PA 6/36, PA 11,

PA 12 and PA 12/12, preferably polyamde 12. 20. The
medi cal device according to3® aim118 or 19, 25

wherei n sai d pol yam de- based el astoner according to WO
20@H Y1 3e18EmPAT/ 32006/ D9086hpri3gednyix!| abdd]l dlndifonsric
conprised in said elastoneric material in anmounts

fr omtiriad 90% apoehesalirym75.a cco 28664, nprefprebarably to
60 to 40% by weight, the remaining part being

pol2E&i denore 2lprdferaislly caboderbce48&Cobgi NGrdiggtaly the
claiml1l to 20, wherein said device is an angi opl asty
catdesteeimiorg peard odiher edlyauiefer ably tube, tip and
bal | oon. 22. The nedi cal device according to any claim

21to 2he meHecalln deRiideelASMEINS tR &hyak1hSmi A to 20,
multi-layer 10 form 23. The nedical device according

t()wﬁétdﬂnaiEhldFOdQGice“hﬁie%&.S§h§13§15§€y430§theter or
bal | oon for angi oplasty catheters The nedi cal

deyaae A eHRIEIY tp}éﬁe@la{nl%ﬁ tdﬁéer &li by S hal | oon

has a di aneter of 1. mm “a doubl e "average wa

ﬁﬁlCk@ﬁésméaﬂﬁéltG%@lep%%dHPdfﬁ§ 9@3aﬂ§dbiékmdﬁv%%azo,

according to claim 23 or 24,
wherein said elastomeric material is in multi-layer
form.

23. The medical device according to any claim 1 to 20,
wherein said device is a balloon for angioplasty
catheters.

24. The medical device according to claim 23, wherein
said balloon has a diameter of 1.50 mm, a double
average wall thickness lower than 0.023 mm.

25. The medical device according to claim 23 or 24,
wherein said balloon has a maximum flexural load
lower than 0.040 N, preferably lower than 0.035 N.

26. The medical device according to any claim 22 to 25,
wherein said balloon has, at 2 mm diameter, an
average burst pressure higher than 23 bar, preferably
higher than 24 bar and a calculated RBP higher than

20 bar, preferably higher than 20.5 bar.

27. The medical device according to any claim 22 to 26,



wherei n said balloon has a maxi mum fl exural | oad

| ower than 0.040 N, preferably |l ower than 0.035 N 20
wa@@oo7fibzispedi cal devi ce accordi ng to any cl ai mP@RIT™06/000355

25, wherein said balloon has, at 2 nmdi aneter, an

aver age burst pressure higher than 23 bar, preferably

hi gher than 24 bar and a cal4gul ated RBP hi gher than

20 bar, preferably higher than 20.5 bar. 25 27. The

medihesde idevsaial abgbldonghbe anytehel e 28tkendbh WO break

2007/ 132485 PCT/ 1 T2006/ 000355 40 wherein said balloon

haduigiheensthansty eNgt lpwéfdirasllsy hiighes tERENS5 N N, more

preferably higher than 7 N, nore preferably equal to

or phrieflearakiifaredhal t28.0rThe girdi calardevixge accordi ng

to any claim?22 to 27, 5 wherein said balloon has a

pet ceThagmedi oalafeoncat ackbeaknhl @betnih@an a3@22 o 27,
preferably higher than 40% nore preferably equal to

or wiiegledh t4@id 58%1loon has a percentage elongation at
break higher than 30%, preferably higher than 40%,

more preferably equal to or higher than 50%.



