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suffering from peripheral atheroscle- 5 rotic vascular

il nesses or from heart pathologies such as coronary

i schem a need substitutive vascular ducts so as to

retrieve vascular continwty, or valve substitutes so

as to retrieve heart valve function. As far as

vascul ar ducts are concerned, until today no 10
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resistant synthetic materials, such as for instance
pol ytetra- 15 fl uoroethyl éne” (Tefl on(r)), expanded
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thglr good behavior as large-—diameter vascular ducts.

These materials are used for instance to replace ab-
dominal aorta where diameters are around 10 mm. How-
ever’, in order to replace smaller diameters the duct
opening (artery) can be damaged and unsatisfying.

The most frequent cause for the unsuccessful use of
'small vascular prostheses consists in thrombotic de-
formations that may occur on the interface blood-
prosthe51s inner surface and ll’l the development of in-
timal- hyperplasia on -anastomoses, with prollferatlon
and migration of muscular cells and subsequent vessel
occlusion.’ -

For th'ese reasons, 1in common aorta-coronary by-pass
surgery concerning vessels whose diametér is of about
3 mm, autologous blood vessels are' generally used,
such as saphéna or inner mammary artery.

However, 1in a high percentage of patients saphena or
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W@ 2@ueB263 Ther ef or e,

ot her veins cannot be used due to pre-existing pa-
t hol ogi es or because they have al ready been used pre-

material with- 5 out the drawbacks of-prior art. In
particular, there is the need for a new materia
enabling the prepara- tion of vascular ducts and of
val ve substitutes that have-a small dianeter and are
bi oconpati bl e, henmbcom pati bl e and bi ost abl e towards
living tissues. 10 One of the ains of the present
invention is to provide a new material for preparing
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substitutes.

These and other -aims that will . be evident from the
following detailed description have been achieved by
the Applicant, who has selected an elastomeric mate-
rial for preparing' vascular ducts or valve substi-
tutes.

Therefore, a first object of .the present invention
cOnsisté in’ an elastomeric material comprising a se-

lected polydialkylsiloxane and a polyurethane, whose

‘characteristics are listed in the enclosed independent

claim.

Another object of the_présent inventioh consists in a
process'for preparing an elastomeric ﬁaterial compris-
ing a selected polydlalkyISLloxane and a polyurethane,
whose characteristics are listed in the enclosed inde-
pendent claim.

A further object of the present invention consists in

the use of said elastomeric material for preparing

there is the need for a nRGEI/IB2003/004282
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vascul ar ducts and val ve substitutes. OQther preferred
enbodi nents of the present invention are described in

wo b@4msebdsed dependent claim Further techni ceCT/IB2003/004282

characteristics and the 'advantages 5 of the
invention will be better evident fromthe fol- | ow ng
detail ed description. The el astonmeric materi al
according to the present iag— vention has specific
characteristics that make it use- ful in the nedical
field. 10 The el astoneric material according to the
present in- vention can be obtained starting fromtwo
caspohent ductrseagdants)ve Asthbesitabaponent is

r &8 c s@ silic
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[ tenperatures and a_good flexihility at
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t%%% rdl §%8%%2§§ a i%géhanlgmlzg é8§ég6§uch as good
reSLStance to abrasion, easy working (extrusion), and
good Compatibiiity with tissues that are similar to
silicone elastomers. ‘ .

Unfértunately, the polyurethanes used until now show a
biodegradation occurring once ‘the material is im-
planted in contact with tissues.

On the -other hand, silicones have. good features of
biocompatibility such as hemocompatibility (low acti-
vation of platelets and coagulatién factors) and a

prolonged biostability in biomedical applications.

.Silicone'pélymers have elastomeric properties.

Silicone elastomers consist of linear polymers with a
high molecular weight.

However, althoqgh_silicones have an excellent resis-
tance to high témpératures and a good flexibility at
low temperaturés, their mechanical resistance is far
lower than polyurethanéé.

The elastomeric material'according to the present in-



10

15

20

25

30

wo banosi2zend t he best properties of silicones.

vention has specific properties that are an excellent
conprom se between the best properties of polyure-

el astoneric. material according to the present 5
invention the silicone content inproves pol yurethane
henoconpatibility and the biostability properties of
pol yur et hane, whereas the pglyurethane content im
proves the features. of tissue conpatibility of the
silicone . elastoneric, conponent. 10 The properties
of the elastoneric material according to the present
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fdter - pbased sol vents. WO 2004/ 031263 PCT/ | B2003/ 004282
The elastomeric material has an interpenetrating poly-

meric network (reticulation) between silicone and

polyurethane.
Said first component is a polyurethane and said second

-component is a silicone.

A poiyurethane is obtaihed from a synthesis reaction
between aﬁ alcohol monomer and an isocyanate monomer.
Preferably, fluorinated polyurethanes can be used.
Furthermore, co-polyurethanes can be .used, particu-
larly block or. segmentéd co-polyurethanes. Poiyure—
thanes can be chdsen,among segmented aliphatic polyu-
rethanes or among‘ségmehted aromafic polyurethanes.
Preferably, the polymers used in the present invention
should have good elastomeric properties and good bio-—
compatibility and hemocompatibility.

Preferably, said polymers should have a good solubil-
ity and stabilify at relatively low boiling ‘points and

a good miseibility with water-based solvents.

PCIT/IB2003/004282
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Advant ageousl y, said first conponent is chosen anong
pol yet her-uret hanes or, alternatively, anong pol yes-

wo ersdsebhanes. For instance, the pol yur et hanePCEER003004282

the present in- 5 vention can be chosen anopng

al i phatic pol yurethanes. Aliphatic polyurethane is
prepared for instance start- ing froma diisocyanate
and a polyol. Diisocyanatesis chosen for instance
anmong 1, 2-dii socyanate ethane, 1,5-diisocyanate

pent ane, hexanet hyl ene diisocyanate, 10 nethane

di i socyanate pentane, 1,9-diisocyanate nonane,

AaBretid Qﬁtes@ﬁdaﬁirsi 4oijoseeyanat echotane among
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Qéréunaﬂhﬁﬂ&55|lane di et hyl di i socyanate si | ane.
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e t %&aﬁﬁheybﬁe@ oxheley, Pl Gieiduplana oxietdrne,
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1Y éﬁgtﬁg @itranA P&Qbh%%%ﬁee@gasb%&ﬁhaﬁb ,Chaieth-
portion ach of our term nal Bortlon can be

YBIiGeca@nmiten Slaﬁnécefjé@ hyr 6t SOPYeréranFy; 285 d
TR ygiﬂ%@%’éﬁh’céxmﬂ%e@leab@véoqus WE=20044034268 a

ﬁgfyg Bz%%%n%pézg%lecular weight of 500 to 10,000 cho-
sen for instance among poly(ethylene adipate), poly-
(tetramethylene adipate), ,poly—(1,4—cyclohéxyldi—
methylene adipate), poly- (hexamethylene oxalate),
poly- (hexamethylene glutarate), poly-(caprolactone),
poly- (tetramethylene oxide), poly-(ethylene oxide),
poly- (1, 2-propylene oxide).

Said second component is a silicone.

Preferably, said silicone is chosen among polysilox-
anes.

Preferably, said polysiloxane is chosen among polidi-
alkylsiloxanesl

Advantageously, said polydialkylsiloxane is a polydi-
methylsiloxane (PDMS).

Said polydimethylsiloxane has four terminal groups,
two for each end, terminal chain portion.

Each of the four terminal portions can be blocked with

.an acetoxy group.

Preferably, said polydimethylsiloxane has one to four
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acetoxy groups (functionalized silicone).
Advant ageousl y, sai d pol ydi net hyl si | oxane has four

waec@oxeyr oups, two for each term nal chai n pPCT/IR203/004282

The el astoneric material according to the present in 5
vention is obtained froma reaction between a (ali-
phatic or aromatic) polyether urethane or a (aliphatic
or aromatic) polyester ureghane, which is reacted with
a functionalized silicone. Said functionalized
silicone belongs to a class of 10 silicone conpounds
havi ng a PDMS (pol ydi net hyl sil ox- ane) chain
i&éﬁﬁgyngﬁouﬁyﬂmﬂﬁﬁdaadﬁxmﬂzeﬁjgmixmenmo ob- tain

f ct ch
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aln can a bond MAth t he functi onal t
os:rermf@eﬁ B LV TFdc RIGHE 361 1t i lﬁ%ﬁ?ﬁe’ﬁ%ﬁ’@p@ﬁaﬁ%

anentn ARG GAN A= act 1alsmmd.hr ough thensel ves giving rise
4tQ a silicone pol rethane el astoneric naterla P
Fﬁfbr%@ﬂ%?f%??ﬁbzég %%Iﬁet%S?Q?gs FEor i fis é%cg

‘sahﬂdmﬁec&oﬁﬁm&hdesha&lmgt&mPDMEI|¢adwdmmﬁﬁwwbedOX~

I
IS SN oy .30 0 A0, Lor-
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ARULE omRquRd) of . a§9e§n3995§lthﬂ§||§péﬁiﬁﬁ&ﬂ|@éﬁ3
greate than 100 psi (with an el ongation greater than

dgp@y'-; el ongation (pure conpound) greater than 150;
Tﬁ@%@er%é&ﬂﬂvé%ﬁﬁﬁaﬂﬁaﬁaltérﬁuﬁh Fes tnstancemoagclhyss

Fir GBS Br e bl AEEo8F & Ghatile. BT 22004 GIE33
(BETEOB2A003 PO 82CHTHO-) ; acetoxy (CH3COO-);. carboxy
(COCH); amino (—RNHZ—)_and other groups.
Thé reactive groups that are present on the silicone
chain can build a bond with the functionalvgroups that
are present on the backbone of the polyurethane compo-.
nent and can react also through themselves giving rise
to a silicone polyurethane elastomeric material (IPN =
interpenetrating polymerie network) .
For insrance, a class of PDMS tested by the Applicant
is chosen among silicones with a viscosity of 300 to,
460} for instance 350 cps; a molecular weight of 5,000
to 50,000 Dalton; densrry of 0. 97 reticulation time,

(pure compound) of .4 to 8 hours; tensile strength

' greater than 100 psi (with an elongation greater than

120); elongation (pure compound) greater than 150;
Shore A hardness greater than 8.
For instance, a class of- aromatic or aliphatic poly-

ether-based polyurethanes or a class of aromatic or
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al i phatic polyester-based pol yurethanes tested by the
Applicant is chosen anong pol yuret hanes having a vis-

weoming12ed 600 to ' 900, for, instance 700-800 PEHIB2003/004282

Shore A hardness greater than 80; density for
instance of 5 1.11; tensile strength of 4.2 Mpa (W th
a 50% el onga- tion), 5.4 Mpa (wth a 100% el ongati on)
and 10.5 Mpa (with a 300%el ongation), and nol ecul ar
wei ght of 10,000 to 200, 000 Dalton. The nethod for
preparing the elastoneric material ac- 10 cording to
the present invention consists in a chem - cal
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t%%f} chain gnd) (Said eolmwm& ﬂ:@(z@)neam@ 0.5 Mpa
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sal d ond_c t d_.al
T R f e
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ot grlerclae J.ﬂr,]norgna some pipationof e 5§9Mgégﬁﬁﬁén§n@n@
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S%H%_%%h &%E%%ﬁ% q%t%rb%hyb%hBQVUEbﬁﬁan%o ofef er polyes-
I nst up to forty purification cycles, pref- erably

ter ﬁltr)?tély‘i@{ees) in a So.xhlet extractor with a 1:1
e WeMrasakut | gpief Mmaeione Andaet pangldimen hglderd oxaoe

carry oyt th th t h
e Leuch e enearaeur B rarbr & el ang i red

PWDy 20644031263 cRETELEB2008 004282rat8s  four  acetoxy
groups, two acetoxy groups for each chain ehd)-

Said polydimethylsiloxane is in solution in presence
of a solvent such as tetrahydrofurane/dioxane.
Advantageously, before starting the sygthesis react%on
said first component, said second component and also
the solvent are purified.

The solvents used in.the process according to the pre-
sent invention are mixed solvenfé obtained from a com—
bination of tetrahydrbfurane and dioxane.‘The solvents
are separately distilled using a rotavapor (rotating
evaporator) . , ‘
Advantageously, the polyurethare material is purified
(for instance up to forty purification cycles, pref-
erably thirty cycles) in a Soxhlet extractor with a
1:1 (V/V) solution of acetone and methanol. In order
to carry out ‘the synthesis reaction, the reaction con-

ditions such as temperature, moisture level and time,
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wheiwosne3 t he reagents (conponents),

whi ch are present in the reaction anbient, are con-
trolled. In order to obtain an efficient interaction

to be car- 5 ried out at a tenperature bel ow 100C,
preferably of 60 to 90C and under stirring w thout
volunme loss in the reactor due to sol vent
evaporation. So as to keepgwolune loss in the reactor
as low as possible, a reaction nediumis introduced.
Said reac= 10 tion nediumis chosen anong a 1:1 (V/V)
m xture of solvents such as tetrahydrofurane/di oxane.
v3ai¢h r eaet iporeseeeh ubm ( the (MAHtimxt awleiefit solarenteon-
tet%%bc)g/dr of ur ane/ di oxane) has a boiling tenperature
e 5C. 15 A tenperature below 95C allows to carry
Tout oadsyntite- obtasineaat i eAfatient eApéeaegitd cof BEwgen

C - 7 B8C . i i i _
A SRS (RSN (e Biec i s R BRIBar
Headweent pely @ eidrprerabnee ppeyev nefAyFsi IRedfeabdy of

darfbedoodt Jugi R €R€1 201 A QT wi PROHEr @BlYmd loss in
t hree-neck reactor provided with heating jacket, a

Gt AT JEHs O P ERHetT CRATFTE - and a devi ce
dooraensa ifge@m bl tmgen ddsowih ntiibe regadort i @n dowasms
to prevent the reagents .(said first and .se .
AT )2 (e St BEAG T Rors: drEroBlerer SR Foathe
trieact nediis dar rékedsent ameng ta mé:of (o8 toikhekee of
. rg{gf : ' : a tenperature
%TC';_L q;fgittsg g‘?v?rﬁt%%h%%%%am%g{%ﬁ}ﬁ%&'at ur g’p of 80
Spg BATeR b L pRstEdderB2CL : AdvaHVageudsiyEe t RE' SRR By
veel gt ofo duneld enald2ed  38s pal wh ety | sidmpeane v

the réacgtion anbient can vary according to the
fertii és to be obtained in the elastomeric

Ameleefjealat Pefenall w5 the lamunttcofcarry out a synthe-
8 LTS 1] xR 2Ly 80,10 SO0 M) O
gRCTEIIB2008/ 084282 889C, with a minimum solvent loss
during thé reaction. The reaction between polyurethane
and polydimethylsiléxane is carried out using a reac-
tor, preferably a three-neck redctor provided with
heating jacket, a water condenser, a magnetic stirrer
and a device for ensuring a nitrogen flow in the reac-
tion so as to prevent the reagenfs (sai& first and
second componént) from absorbing moisture.

Preférably, the reaction is carried out in a time of
one to twelve hours, preferably four to six hours; at
a temperature of 78 to 88, advantageously at a tem-
peréture of 80 to 84, for instance 82°C. . '
Advantageously, the amount by weight of functionalized
polydimethylsiloxane in the reaction ambient can vary
according— to the properties to be obtained in the
elastomeric material.

Preferably, the amount of polydimethylsiloxane is of

20 to 60% by weight; still more preferably of 20 to

t he r eact PONIB2AG3/004282
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W ake/opl2exe probably in two steps.

40- by wei ght; advantageously of 30 to 40% by wei ght.
The synthesis reaction of the elastoneric materi al

reaction conditions within the reac- 5 tor, for

i nstance a three-neck reactor (tenperature, stirring
and nitrogen anbient. to avoid noisture) are such
that the functionalized pobydi net hyl sil oxane re- acts
with the hydrogen atons of the urethane portions that
are present in polyurethane chain. The formation 10 of
chem cal bonds creates a reticulation. In practice,
40/ 1ACatdghigs cmpmtmjecarselyproe%eaﬁ ion 4 ydi metilgliisi -

d b d t :
R RARE ERA o) o286 Showt | B ghPE Lo R Gur L. Shious
tdies rpetd coul ratdlmab Joe cur riivg StrEHSh-e 15 pol yur et hane
Z@Q%ﬂﬁé%ﬁé@gh BQerEQEEEBEOEOﬁﬁlEE%nQO%QtHMﬂ|%Hé“%eac—

traacet OX unctl ons that are resent I n
tast,r af @hciLbeRamiceed® pbhyer nRERY | §e|a§>¥é>ﬁe (ermRE Tt g

§’c!'le.rﬁ919yn§ﬁéizﬁﬁ*t96g@5 ta!?f%:.@ﬁt“ﬁ@' ?T’thyd ﬁ@itsrtﬁ]@e()r are
sprayi ng e renmini ng.ano et raace- _
FUBH - ?%’%t?%ﬁalfu?é:&lﬁaggr%ﬁé (1§7 52“@ lr}oﬁgraélfen%ee
ft athgpheré chhapbget yadoms vvalferther eactthaared pgm/telsms

A5 GF R P REThG Sl POBRE bl B Bolyar IiCo 2 Bel Y

o theanihiaghérorid ecud sdre swvei giettl(ceﬂamlcmbr eal r?di‘aé?ﬁleﬁ%r
t,%JSO E‘Z:% ‘?%th‘x%h p({k%q:ugré ?&%@ﬂ@ qu'p%l%pfﬁdéﬁgfls:l_—

reactl on mechani and from'the

L@ialn(,eul laﬂldn ast apdisidiafet RGFEREBX AT aB2SEREAGEI cHIMY
B NN JHQWSES, & atbwd in Eﬁlggwee 12 shows the"

reticul ation nmechani sm of ﬁt‘r‘éi the
Ft—“—(%@fef ukct FBRYEI zEASpof Gt %E/Jr%ﬁll o%%%%rrﬂ%urjen 3 _
etthﬁnfeorcfmii@ntﬁf:oaghhlthe- df arewesti iomal of neéhwordond

GATS D Shom af bl e e, T prence
ﬂ&BﬁﬁﬂMMiﬂiuﬁﬁlﬂ%éﬁIﬁﬁmy@&m@ﬂhgazllqﬂane

Then, during the polymerization of the material (by
casting or spraying) the remaining amount of tetraace-.
toxy—functionalized7polydimethylsiloxane, in presence
of atmospheric humidity' or - water, reacts and gives
rlse to a condensation reaction. Such condensation re-
actlon turns the silicone “pre-polymer” into a polymer
with a higher molecular weight (ela;tomerlc materlal).

The reaction byproduct is acetic acid obtainedifrom

‘the reaction mechanism and from the reticulation of

polydimethylsiloxane as schematically shown in Figures

2 and 3.

Figuire 2 shows the reLlculatlon mechanlsm of tetraace-
toxy-functionalized polydimethylsiloxane.

Figuré 3 ‘shows the formation of a th;@e—dimensional
network (reticulation of chemical bonds) due to the
presence of tetraacetoxy-functionalized polydimethyl-

siloxané.

I n practi cePCT/IB2003/004282
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Then, once the synthesis is over, the elastomeric ma-
terial prepared with the nethod descri bed above is

wo 2oomesR63 so as to elimnate unreacted resi dueBCDIB2968/®4282

first and second conponent. The el astonmeric material 5
is kept at |ow tenperatures until it is used for pre-
paring filmlike sem -finished products containing

di fferent percentages of sjd.cone. Characterization
tests The el astoneric material according to the
present in-. 10 vention prepared as descri bed above
has undergone a series of characteri.zation tests. A
THdHD sep exhasshaeneshar ast evezedthbr @u@rstmemc ma-

scope observation nd- th h C
EREE: QEFPEFeQCd%H%ﬁ K rgggﬂﬁ(%r%% f%q%gééan é@%lés
il ltosed 0s oTess Ur e @ma’weanmnaantetcbmeq@@mm (SR
;§%¥ stallj atk%ﬁESe €, engh%begmeﬁgbn&@terlal

er a{lure a are tal ne sub ecting the
irmtlerntal at olO*dl tempenetheas é?’é%ésltZGSTﬁé@Q or pre-

%r?gm eF J 7l 1355 pas anet oS Hed hgrmtieital @rtaining
necessary to rdentify the properties of the el asto-

Hefiargnit 9FeHETYiHg T HIESr esent i nvention. Ac-
dﬁgggdubgitaﬂgbﬂNﬂggﬂgles tge el astoneric material is
Used for_pre val ve substitutes and_v l 5
Tiet5l 7 B e gST Lot Bare peya obhyl Errorate 1
vNG)n | prephown by waysof ibed erbnre, lgee Ehgargode 2
égg%schag@cterlggﬂé%.%%ﬁhég{&;%&% pol ydi net hyl si | oxane

own i T Fi igure 4 shows the behavi or
2of fihe reeerlical h@@c@e@Mngchap@aqwlpﬁ% ehRTPHIRNEHGTO™

S0 Al O 0g.-2 wﬁ{s"\@hahtth%ugﬁ% h&PPPanedywith @sc)
wn material such as Cardlo- t hane(r) 51 (commercia

(SSISARTaHETD) SHRTEINH G5 metRén-r et i cul at ed)
JHOXt Al £1 19% by 1 weirght- ofmehame abl ys WO 2004/ 030263 em—

PCT/ 1 B2003/ Q042 - .
perature (Tg4 9 é%%stai&ization temperature and melting

point temperature.

These data are obtained subjectaing the :materlal to
different heat cycles.

These characterization parameters of the material are
necessary to identify the properties of the elasto-
meric material according to the present invention. Ac-
cording to its ﬁroperties the elastomeric material is
used for preparing valve substitutes and vascular
ducts. . o

A DSC analysis of.pure polydimethylsiloxane (PDMS) is
shown by way of réference, see Figure 4.

The characteristic peék of pure polydimethylsiloxane
is shown in Figure 4. :

Figﬁfe 4 shows the behavior of the material according
to the present invention, éonfaining 20% by weight of
PDMS, compared with a known material such as Cardio-
thane® 51 (commercial polyurethane) containing in

(non-reticulated) mixture 10% by weight of chemically
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non-reticul ated and rel easabl e PDVS. Figure 5 shows a
DSC spectrum of Cardi ot hane(r) 51 and of the

web@soares i c material of the present inventi oPCT/IB2003/004282

obtai ned fromaro- matic polyurethane (PU) e 20% by
wei ght of .a function- 5 alined polydi methylsil oxahe
(PDM5). Figure 6 is a conparative test between: a

pol yurethane (PU) named Jstane, a nateri al

Cardi ot hane(r) 51 (mxture of a polyurethane (PU) and
a pol ydi met hyl si | oxane PDM5) and the el astoneric
materi al according, to the 10 present invention,

bt aignedfromd hensynshesisbpé  BDES. Mt jurpoby shevRarke.

and 20% by wei ght of, functisonal iz .
5t yRRGRHTHI <9 é%%é%oéhﬁgﬁagésfgﬁgpﬁmﬁgﬁuﬁ¥§§qq$r;c

oHigirien 16 §bi nhe Quicddne Ioieeratier i ebteipedkSrem PEHNS

at_.a tenperature of out kb 145G, whi t o7 —
%lpﬁ%&ﬁ? rﬁe(%ﬁys%t a%q]%l A isvgenldﬁ,{)*%c Cc{fhgéen%utngrtilz;?

aﬂlggzﬁst@@gﬁmwfhmiﬂm@tﬂ%n@m@tahe) ,' a materi al
clr%/ugéaléioilzatélacr}:n geaE [ ﬁ)%t % V\,holeette :e:gplge ar;g:%n\/ze
@) havengchviestanat e e ek 2t @?r%h%{rﬁ?%? e, hé”lar ca
e A e S
e anount o \ ]
Prm@bowa@q)thepo?g}?ﬁm%%%i P&%&%é%tﬁhg%g?@%% 'ZE? e
g d¥et erdalnt aecoraiteg teal theompridgsemyn et af a2~

As can he se from_Fi £ . i O
H@tdtquﬂ? yf“)regt%‘ a(?/&]ia%:rhd géoHn"t gg’nsd%l:gskg@?&fmgf%g%da{lnlﬁd

deondeicneRDiyE)s i loxpsut three tines greater than the
pg_leaé(na gjfsnegfv\n\?ﬁh the xRt eri abi 36661 di pgihest batpres
nt™invention, ich contains 20%_of chemcally re-
Sradieutistee” RIVES THi FHEars” that=18f1+h DAty Ot
accor dipgi Lo Lhe piefciefted nvedhi amePDMydtsllization
chem'cally bonded with pol yure- thane in a greater

TE&F PEMS i n Cardi ot hane(r) 51. For this
MRAsERCt herammunts opo PRMS:t hate calF el 2084051265 1
ﬁﬁiﬁ{ségo QOQ§38§moiéﬁous polymer, does not show'any
crystallization peak in the whole temperature range-we
have investigated (Figure 6), Therefore, the area of
the melting peak of PDMS represents a finger print for
detérminingithe amount of free (chemically non-bonded)
polydimethylsiloxane that is present in the material
according ‘to the present invention.

As can be seen from Figure 5, the peak of PDMS in Car-
diothane® 51 (which contains lesé than 10% of -non—'
bonded PDMS) 1is about three times greater than the
peak obtained'with the material according to the pres-
ent invention, which contains 20%. of chemically re-
ticulated PDMS.

This means that in-the material according to the pres-
ent invention PDMS is chemically bonded with polyure-
thane in a greater amount than PDMS in cardiothane®

51: For this reason the amount of PDMS that can be
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wab@4mebizss omeric nateri al

crystallized in the material is smaller and the anmount
of PDVS that is free within the material is smaller.

vention has al so been eval uated and characterized 5
through an ATR-FTIR infrared spectroscopy (Attenuated
Total Reflectance Fourier TransformliInfrared). In
practice, the naterlal-accPidlng to the present in-
vention is irradiated with I R beam at a gi ven wave
| ength of 4.000 to 650 cn}l. The radi ation beamis re
10 flected by a diamond crystal with. a high

Laciiohegi NdeXae Andid M of Pé”ﬁnme’lﬂrﬁﬂaﬂee amount
t ane a reticul ated ]‘ll

o5t PRAE et loxy - Functd o ia T {thﬁ JR R si9 SRR HHE and
and i Ly of 0Bk Ast OnBELE1 ABL eEtalkdangotdi et erisdrtie in-

B30 20550 2185 B0 B0 ARE“T000, Rave Hegw o o

anabygedan TAER-abinfe - nent f oned S aier b b e Bt rilen il
r ~casting' @ thin fil
d&%ﬁ %hﬁ% &F st%r %gfu%)aégwgt%% ymer_sol Iu-m
PO praotide, ridmnm&eﬁﬁj@r%\l (AeCOTHO G JIY Fite MR TFEE uskd

.éémgn :LSV?LEgéaILg%eQe%'%ﬁe d et abygnobdr angyiangh wave

di oxane are vol ati,l e and eref or t he
Iengwerotah- Q)%Od‘éo 65%0§‘1’“t ed T2 éfar‘fgn‘?ﬁ 335 Fhit® T
flé&e%b?h d sdfgtdid- c2gskatedritt oaalghl@&unms@heaq:‘@lon

m dity. PDMSconcentration in the elastoneric

%@%ﬁ‘t al repre- sents a critical valve for giving the
Ai malnmeder pake giolsm retidrzact e(Estam:@ ang ptf%wlﬁl%%ed

eed di ff.erent
%IC}P % F%\f TEHN be b%%ﬁré%%éﬂa aé?l rst case ﬁpéli&g_
masandera ct it eplfalelafﬁl@iﬁ\ﬁﬂﬁg ngterpal 4@%0Wd\?o@1ggh?o',

{ﬁ] <has QQVEBtggﬁnréﬁﬁtifﬂﬁﬂﬁea7kodwéﬂtﬂdﬁion of
ferrstic peaks of ur et hane ggﬁbj that are
031263

ol
]ii?hé%eﬁﬁf dP it D maéBri &0 rsu§¥a0§ 0 B30
£%§1§£g@p3ﬁ994§§%e;ﬁEhtloned fllms have been made us-

ing the “casting” technigue, through which a thin film

_can be obtained starting from a diluted polymer solu-

tion.
At room temperature the solvent mixture used slowly

evaporates because tetrahydrofurane and dioxane are

highly volatile and, therefore, the polymer can be de-—.
posited as a homogenous thin film, which is reticu-
lated through atmospheric humidity.

PDMS . concentratlon in the elastomerlc material repre-

sents a critical value for giving the final material

‘given characteristics and properties.

Indéed, two diffefent situations and behaviors of the

material can be observed.

In a first case the elastomeric¢ material containing 10
to 40% by weight of PDMS has an IR spectrum (Figure 7)
with the characteristic peaks of polyurethane groups

that are present on the material surface.

accordi ng to the preReniB20UB/004282
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In a second case the elastoneric material containing
60 to 90% by wei ght of PDMS has an IR spectrum (Figure

W@ro0ai081263 he characteristic peaks of PDMS gr oupST/IBRa03/004282

are present in the elastoneric material. 5 These
prelimnary studies show that in the elastoneric
material according to the present invention the anmount
of - unreacted (free) sillf%ne i's mninmm because
nost of said silicone is Chemcally bonded with

pol yure- thane chains and is reticulated wth the

ot her PDMS 10 nol ecul es, thus form ng a PDMS network

il{‘t e e%%%h'aatcaéé‘gtmt B1Eetbaukatespalryunetdhane  Fram
eoretical point of_ view said retlcul ted p
%rtcroe‘m eyl erl okis %f | FMERRaDI B Ut a% gﬁllgure

E!_F}HC{TQEHCltﬁé had gt 4ardtaus [sdZes of PDHSChaionps That
hi s particul ar_three-di nens,i onal strlicture gi ves the

FMafGRFtc Hat'hs FLaRGGi g 1 THSE present i nven-
THee [y oieiiresr wf s thidicenpeatdvbitliaty, irbitdst abliddttome e
CONMpe tibilit . an
el Y
Ahalysescihede (Sheah shatcohe &fi ml@élmuél@nW| HrSts

S 30:50 Ay e ghicreh, BVEy RRMAdmKRschhgsyiiace
e elastoneric materi al e to behave as an ag-
thagie sfhaEdPe 256 faterehhguhakad thtthheae? oPgh%eft}(&MS
e SPRH f I@@Lé yfﬂﬁﬁﬂﬁ@CEUIPDMQ ole thudirldi g ederees 25
coat ed W|th JE ric teri aLg accordftneq)t the
g% SEhth |ﬁ%1_e3h?‘|1%ﬁ & dpﬁ VPE@QEEHP?aC Tploferties o ex-
meeldtentt btiood cont acttiorlanal Ipdivereet erany desculmmgined

fts,that | 1, be d I h I
s v e vl gpat i s es) s e

vesst aues Wl itdeny dm idrs ialtegmpenet rati ng pol ymeric net - :
fgg{é‘ A0 P Cﬂhﬁf 5&£H&ﬂé’£§n£§nst%ew%@etga%enehe

meric networ nbi nes the excel I'ent cheni cal -
Simpica 45 gpst ¢ 681 0P CRBFGAPEt fidnct i t REERS P dBEE™VID
+2QRA3LR263 sRGT/d B0 HAd8D 1 1-k4, biostability, he-
mocompatibility and mechanical properties that are
higher than the analdgous commercial material.
Analyses have shown that the criticai.concentration is
of 30 to 40%.by,weight of PDMS. PDMS makes the surface
of the elastomeric material able to behave as an ac-—
tual siliconé surface, and makes it therefore useful
for specifically manufacturing or building devices
coated with the elastomeric material according to the
present invention and having surface properties of ex-
cellent blood contact, or small-diameter vascular
grafts that will be developed with this materlal
The composition is obtained through a synthe51s proc—

ess resulting in an interpenetrating polymeric net-

work. '
The particular structure (an interpenetrating poly-
meric network) combines the excellent chemical-

physical properties of polyurethane with the proper-
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WO poo4tobRedise of said nateri al

ties of biostability and henoconpatibility of sili-
cone. Anot her object of the present invention consists

5 with mcrodianeters and for coating intravascul ar
netal stents and vascul ar prostheses. Snall-di aneter
vascul ar ducts, cardiovascul ar patches, valve sheets
and sheets for valve prosthgses can be prepared with
the elas'tonmeric material as such. 10 Alternatively,
abdom nal nets can be coated preferably wth
pol ypropyl ene (so as to avoid intestinal adhe- sion)
o5.cpr st hesestennl beyceatedhainbhoppiyebidityVaifesili-
Erostheses as such, coatings of intravascular netal
PBfits and vascul ar prostheses in DACRON(r) have 15
heenheyakﬁakﬁﬂ:fmbntbhej@ﬂﬂ&@W@nathDtﬁpnofcwﬁﬁwﬁtS in
%H %e{’ogh 'srel;t gﬁgtéggain f’df’omgﬁﬁlé vE¥-ular ducts
conposition accor present invention has _ -
bath cha¢a©d€am@%@r$roﬁﬁ@hefﬁﬁysP@%FlbalnFnBFaV?éﬁFlar

ﬁQEQMQEtQEGEth&a\!ra§&uE£§hpaﬁgtﬁéé@ynf erential dilata
tion tests. These_tests have s

%m@%éﬁééam%af hE22FAsEBNErFES matef ﬁghPV%FCbilaF vBRtChes,

| gaDyat sakeftuncand | QﬁébtéeCEoBDI\)&lﬁ@ pmoéﬁi%elsyssmméghtbe

40% { t
Rk T R
soneenaetlye gy | dudohesd s n@bs have b@eﬂoeéeﬁléaeéarabhy
@1%§{§b g%%%bgﬁggﬁth c?hQEaQK>t§5b§&'%%ﬂgsﬂiﬁginéMhe—

embconpati- br | he con€03|t|on
sen been PE@?@@%W OCRyh. leh P FRL cW%%h @%3(}’%? J:tests

By Put trp'rré%t ifshkar end Geldn,t ypestimgsont 3@nt@§f7awshhar
extrac the material.. Three connerC|aB ggh%
Ofibsk BAERTEf 1% oYd%Fetey PrSSkRGRAS HaveH

BSch ef &F £Nesedmtfeidral the Ccompatenthe pototoxbd€i tylew
eria of the present invention

the el astoneric nat
PRI %%s%%g %E?%e?ﬁ%gje% WY 20027 031263
BT/ ¢ BROOS] 004282 coiding to the present invention has

been characterized from the physical point of view
through mechanical stretch and circumferential -dilata-
tion tests. These tests have shown that the presence
in the elastomeric material of a given amount of func-
tionalized PDMS, 30 to 40% by weight, for instance 40%
by weight, gives the material isotropic properties.

As far as biocompatibility is concerned, varicus tests

"have been carried out in order to evaluate the charac-

teristics of toxicity, biostability and hemocompati-
blllty .

The composition has been tested through in vitro cito-
tox1c1ty tests by putting d;errent cell types in con-
tact with extracts of the material..

Three commercial polymers, whose lack of citotoxicity
is knowr, have been chosen as reference:material to
compare the citotoxicity of the elastomeric material

of the present invention with increasing percentages

for maki ng vascuPEr/IRMEY®4282
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of silicone PDM5S (10, 30, 40 and 100% . The tests have
been carried out according to | SO norns (10993-5,

wdeaus3f263 citotoxicity: in vitro nmethod). At POEIE2005/004282

of the period of cells contact with the ex- 5 tracts,
the presence or absence of the citotoxic ef- fect has
been qualitatively evaluated through MIT test,

neutral red test and bromhg-deoxyuridi ne (BrdU)

i ncorporation test. The results of in vitro
citotoxicity tests obtained 10 with the elastoneric
materi al according to the present invention are
QﬁnpaléﬁomﬁtBDMﬁoééoof3@hef%o$®®ﬁi@O%BedTh%steSts have

ﬁ@éﬁr%laﬁd du%dl EQESIBE% the new mabenkal (igoonos,

toxic. The lack of toxicity is further conflrned by i n
Teves A%rtekiatenteiey: oin Y%F??m@??ﬁ?%huscular syst em

Af abne béﬂd Sopariay epérabd %@Cée@)léirtdomm/@& Wi ith tthee ex—
|ncor g tion of naterlq%?strlp gé one\%%

5599 D4 e SFESPEFS Fal 2RIFRH sChf L&F rﬁ%. o
ﬂ@mtrxnaynlbﬁeﬂ.nhbaﬂﬁabmnyengacEVamuaaadedthyom@b i MET

20 1?' ant@tra?f IIT(Iei é’\é% ﬁé‘%%:ﬁ{é agle p@&t ages #Le}

presenl%eE AVEntT on, ~Contai hi NG Vari ous
£m¢@xnnﬁaﬁimm%tm%s been eval uated through tests in-

iﬁg V}cegu&ES %05 Ofﬂtﬂﬁﬁ ?It&@é;?{&ﬂySttE's@% | A iy

par aver . te muscl e for periods varying from
vslthzstlt% eﬂ?ﬁfiﬁiﬁ%lc W%Jﬁ%l%%mg to the present
iﬁ‘ﬁ@él@w ld #e e&&h};ﬂéred apckH. A £ hitsd asdiemeeal used

(thro nonocl on |bod|e irected al_nst
?%fF%ﬁ%ﬁ?%Fﬁ'c@q ?ﬁﬁ?lEﬁFg cr%%%agégfrlal 15
regtaltyesiiss of tiSSue surroundlng the inplantation site

Q have PoL 'ntce%tlgc% the ﬁr%%%Oéoﬁﬁi%ﬁggﬁegr Yo vivo

SactTonsC Tt or ter accord present
haa&ancanrlmdt@uﬂIluoﬁ@ep@nﬂﬁmmgamkﬁrZeySBamamiab—

Q% ﬁd& %%tlbaolt hod QU %Eﬁjbmzﬂ}&%l RES GEMM aGRS Have -
res wtearema le reaction. WO
@@@ulgélmeﬂ@ﬁm BoDOBPBOLPEY ongg week (ISO 10993-6,

Tests for local effects after implantation).

The potential inflammatory reaction caused by the imf
plahtation. made with the material according to the
present invention, COntaining various percentages of
silicone PDMS, has been evaluated through tests in-

volving the incorporation of material strips into rab-

_bit’s paravertebral muscle for periods varying from 8

to 12 months.

The histolégical (hematoXylin—eosin)_ and  immuno-
histochemical (through monoclonal antibodies directed
against lnflammatory cells, in particular macrophages)
analysis of tissue surrounding the implantation‘site
have pointed out the absence of inflammatory reactions

for the material according to the present .invention

with silicone percentages of 20, 30 and 40%, whereas

both lower and higher percentages have resulted in

guite a remarkable reaction.
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Bi ostability has been eval uated through the inplanta-
tion of strips of the material, both as such and after

wae@wseset ch, into rat's dorsal -l unbar regi onPCIIB2003/004282

sanpl es expl anted and anal yzed t hrough SEM and FT-IR 5
have shown an absence of bi odegradation for silicone
contents of 30 and 40% w th respect to higher and
| oner percentages. Vascutab-prostheses carried out
with the conposition according to the present inven-
tion have been tested for hen1oconpatibi|ity through
in 10 vitro tests |nvoIV|ng hu dc rcula _
Bapdtihilptantasi Heset Sieds ﬁ%’i Qrérjff% f)% S.
tiBanEerrE§§;§fmthE hﬁ@e@ha$tObBthCaHaBebhahnd aiter
contai ning differ- ent percenta of, silig a
1PRto %bﬁ%?%%raﬂ#ﬁﬁ’ $8heSp $ ?gggﬂ%%ncerngﬂgnl Fre
saghessorgndnpleat edred a.ﬁanyiédvahmngmwm ez t EThake
identified the elastoner t i 8g; 30h8
haB%s O§m| i THNE A5 T he © Ie%sjtor%%o tolg%gﬂlgé)PT his
cehashoperd Gat exndl 4&4s beeh clferesdn fFor Riygher and
subsequen o1 M stldds t edayied out
1@¥zal 18n é?%gﬁ t2 hé@%agﬂin aehisved i th 20_vascul ar
wptbstheSG§MMQﬁlE#Qﬁs@PPPrééﬁgl693@¥%eﬁr?%ﬁn ang’ e

ti&ﬁ Hﬁvﬁnﬂéaﬁ Eé@ﬁbah%okﬁﬁbﬁebahp@ﬂ1bEmntyetnmbeghamn
ot alization of _the terhg has een ogggryﬁd

vi Arg ol SeRpHATCed 1P e LBty C HRAT T
pabbestibg brpkRAERt E0Baro2ddThirsers hydpsssngﬁﬂshnﬁgo

trait n h_ot her e S ar
tak Pt e Pho b AP ari R BPe RS oDaLE S e fEpeht Apb i foet:
esOngerethtaydul bfcomitliing v t hadet mrbﬂmw@né#derﬁ?wn
crons_ha | agcardipg’ tetthe
e R e R i oo
vétianentiﬁlet)orhsuhESdélaéTﬁj éé?@tééleéautdﬁcoa PAGOREEC

’mQ€§F199585ﬂ691ﬁhﬁ8ugb §5Nh9%|86 BQchoﬂErEhOtbglmeast

ChemBborpal Fbi Fhiy. e CacsEalted With W 20037 031363
sECTELB20R3/ 8Q8282uent7in vivo 1mplantatlons

Until today excellent results have been achieved with
vascular‘prostheses that are still pervious after ten-
énd twel%e months from the implantation. .
Furthermore, an endothelialization of the material has

been observed in some explanted prostheses already

twenty days after the implantation.

This is a distihguishing trait mnot found with other

marketed materials.
As far as the preparatlon of endovascular metal stents

is concerned, a full coating with a thickness of 6 mi-
crons has been made with the material according-to hhe
present invention, which coating fully covers the
filaments both inside and outside.

Said coating has been observed through SEM using both

morphologic analysis and mlcroanalys;s.
Given the good hemocompatibility results obtained with



10

15

20

the prostheses, the material according to the present
i nvention, a. condensate of 30 to 40% by wei ght of

w@pdotoane has been chosen for coating the stePtB[B2003/004282

whi ch have been inplanted through angi opl astic surgery
5 into sheep's fenoral artery for one week. Wen

expl anted the stents have_proved to be w thout
thronmbotic formations, thd “keepi ng the bl ood vesse
conpletely pervious. In the -elastoneric materi al
according to the present 10 invention silicone PDVB

s bet n 20 a 409% n t
581 JROTEERT oY RS20 GBS vl oht 2‘3?%&":
iavieawioel, | ajam@@,enaartew ¢fhf BAmiee  t4ory béad\’c@il&%ltana a
lg%%HeStagég't een %geﬁth§5rlixﬂﬁﬁg1 t @@chi ghedts,

Sconcentfation o pol yglneth I'si| ox- ane for instance
waBoe h8u% by:emen@mlanéadséérau@"@ RROdERHFET L FnSULIery

1B%@CEEEQP Eh?eb6¥§§thgﬁék9n§o§abﬁéedeéht on the
| ast oneri

c material accor to the res nt in
Whgnt B IFFESheWd Bhapt §|%ﬁ§%1 chwé¥Eout

tBreheett kv e Rifatlonsqwatilss pﬁéypﬁﬂghaﬁm t]:lsﬂaioql tvessel
the latter from bi odegradati on. WO

C?@@iﬁgéiieéeé&%w%zooy004282 1 CLAIMS 1. Process
Iho&ﬂyWﬁﬁH$tmm&mu®lm@t@nealcanaped&ag domtlpr i Brageat
ste I hane a te§bvm§da aps b
lngFgalaPky% %%%%eﬁﬁﬁﬁirggen%étgg g solvent at a 5%
weegpér at ur e below 100C. 2. Process according to claim,

alicddt M GR 13A qnfeﬁ@ly&iﬁ@%h?lﬁ&ﬁék@ﬂeoﬁf 20 OxyQgens
free atnosphere. 3. rocess accordlng to clalﬂ%é%ora_

biyn WRRighk SRTHTG%aet 1o FelialdmedSout® i tohi t
t@t:yosmﬁﬁoriloaﬂd Py OB£§BeACGArAtiNg Hyo ady dfhet hether

nBhE: T ooy A o8’ crrteits s tho it B8 VA tnt EnfRLELBE -
ane, for instance above 60% by welght causes a cell
damage. ‘
In practice, the invéstigations carried out on the
elastomeric material according to the present inven-
tion have shown that silicone PDMS has such a protec-
tive effect towards polyurethane that it protects the

latter from biodegradation.
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waoie@itioanzes and pol yest er - ur et hane.

5. Process according to any of the preceding clains,
i n which pol yurethane is chosen between pol yether- 15

to any of the preceding clains, in which

pol ydi al kyl si | oxane is chosen anong pol ydi -

nmet hyl si |l oxanes. 7. Process according to any of the

preceding clains, 20 in which pol ydi nmet hyl si | oxane is

a pol ydi net hyl sil ox- ane containing one to four

term nal acet oxy groups. 8 Process according to any

of the preceding clains, anch

pol ydi net hyl si | oxane is di net hyl sil ox- ane with

1f. ourPrtoeraumaTozaq:eiacpe;mgrgo@ps e 125 tomeEigs makerial com-
teri d cqrdi

p§%§3%#i% %ﬁryi'J&ﬂﬂ}%.%5¥¥ﬁ¥%ﬂﬁé%%(%ﬁéﬁ%§?§¥?g%ﬂﬂ

aad@@]fidﬁ‘lih@lkbl%imiﬁ@@eféﬁ FrEs e Nl vascit-arenriuces, @

t%ﬁ.%§d%u¥giygﬁg% 1¢ardi ovascu- | ar patches sheets for
ve prostheses. 30 11. Use of_the nag al accordlng

%o ERAGHT FRACHHEL DG Mg 2B okt i TG 1or Sefar STt
tVasc tilsarcarzzrxq%tdwems in Bxpokyestrer andoabtiemenal nets
In @&Q% én%éggédlng to claim 1 or 2, in which said
reaction is carried out in nitrogen atmosphere.

4. Pipcéss according to any of the preceding claims,
in which said reaction is carried out for a period of
1 to 12 hours.

5. Process according to any of the preceding claims,
in which polyurethane is chosen between polyether-
urethane and polyester-urethane.

6. Process according to any of the preceding claims,

in which polydialkylsiloxane is chosen among polydi-

- methylsiloxanes.

7. Process according to any of the prebeding.claims,
in which polydimethylsiloxane is a polydimethylsilox-
ane containing one te four terminal acetoxy groups.

8. Process according to any of the preceding claims,
in which polydimethylsiloxané is a polydimethylsilox-
ane with four terminal acetoxy groups.

9. Elastomeric material obtained from a process ac-
cording to one or more of the claims 1 to 8.

10. Use of the material accordipg to cléim 9 for pre-
paring wvascular ducts, valve pros%heses, cardiovascu-
lar pafches, sheets for valve prostheses.

11. Use of the material according to claim 9 for pre-
paring a coating for metal stents, vascular prostheses

in polyester and abdominal nets in polypropylene.

6. Process aPCDIBR0OBH04282



