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BLOCK COP F?EESS FOR PREPARATI ON AND USE THERE OF * * Most
patients S‘Vﬁ@rﬁﬁﬁaﬂs m peri pheral atheroscle- 5 rotic vaSellf#pP0¥00¢3dsses or
from heart pathol ogies such as coronary ischem a need substitutive vascul ar
ducts so as to retrieve vascular continuity, or valve substitutes so as to
retrieve heart valve function. a As far as vascul ar ducts are concerned,
until today no 20 biological. synthetilc substitute has been able to re-
produce. the characteristics of vascular ducts.in liv- ing beings. Vascul ar

~ Substi n sl Yot hetic materials, such as for
‘i nst aﬁ%ﬁ?@%ﬁ%&%ﬁjﬁﬂ £Zqu%u%)ér:bo ﬁ%}%fqopﬁ YHMERS Y ERPESS PRy TEERBRTIABT oet h
yl ene (ePTFE)' and pol yet hyl eneterepht alate (Dacron(r)), are at present the
Jost frequently used thanks to their good behavi or as | arge-di aneter -
‘vascul ar ducts. These materials gre ysed,for instance to repl ace ab 2D

dom nal aorta where dianeters are ar.ounhd 10 mm How ever", in. order to
repl ace snefid=lr dieitendrss shefeduttg AMANm openiipge(:altaﬂ;l)em:asft]km- damaged and
unsati styi e freq e for s u e smal |
vascul afP pr%g@stlhé;sgggc%gr}Q stgflﬂrj\e%%%nbgfl c&gﬁ g%&fgr}}“ ons at may .occur
on the int eﬁrlifm:eabl cod opraFt hesitenimnerestdr fabstandtinet e adeMelopnent of
in- timal '2%41%96 %? é‘%ojeoap@%EQQPée?as%ﬂ rPEeLE E‘Ehﬁ%gonora%l%gra“ on of
muscul ar ce .an sequent vessel occlusion. hese reasons,, in

common aor tRPEHIGNEAE B Fasdo JetFeryecHResinivRd veedsarE ivhose di ameter is
about  3sMAs raulolRguS A eREruessel Sl rgrrer ahky 1. 488y no

10 ~ biclogical synthetic substitute has been able to Zfe-

produce. the characteristics of wvascular ducts in liv-

ing beings. .
Vascular substitutes made o0f mechanically resistant
synthetic materials, such as for instance polytetra-
15 fluorédethylene (Teflon®), expaﬁded pblytetrafluoroethh
vlene (ePTFE) and polyethyleneteréphtalate (Dacron®),
are at present the most freduently used thanks to
their gobd behavior as large~diameter vascular ducts.
These materials are used for instance to replace ab-
20  dominal aortz where diameters are around 10 mm. Bow-
ever, in order to replace smaller diameters the duck .

opening (artery) can be damaged and unsatiéfying.

The most freguent cause for thé unsuccessful use of
small vascular prosthesés consists in thrombotic de-
25 formations that may occur on the- interface blood-
prosthe51s inner surface and in the development of in-
timal- hyperplasia on anastomoses, with Drollferatlon
and migration of muscular cells and subsequent vessel
occlusion.’
30 For these reascns;, In common aorta-coronary by-pass
surgery concerning vessels whose diametél is of ébout
3 mm, autologous blood wvessels are generally used,
_such as saphéna or inner mammary artery.
However, in a high percentage of patients saphena or
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such as saphena or inner mammary artery- F Fbmever in a. high percentage
of patients saphena or WO 2004/ 031263 PCT/IBZOO3/004282 -2 other veins
cannot be used due to pre-existing pa- thol ogies or because they have
al ready begp Meostipze- viously. Therefore, there is the pegdphfRkofBEW
‘material wth- 5 out the drawbacks of prior art. In particular, there is
the need for a new material enabling the prepara- tion of vascular ducts and
of valve substitutes that have a small dianeter and are bioconpati bl e,
henocom patible and biostable towardssLiving tissues 10 One of the ains of
the present invention is to provide a neM/naterlaI for preparing vascul ar
ducts or valve substitutes w thout contraindications once inplanted into a
| i ving organi sm Another aimof the present invention is to provide a 15
bi oconpat i bl gzhdenpeonpat &l e andebipsdabliges Maier p@b ck9ETPhEPYE-NY
snall-dlaneH§§ vascul ar ducts and, valve substit These and other -ains

Chat w1, DEVGVIE ¥ o ERESE | BICBhAES dSLAFRaY BBSEr FHEroR Ve been

achi eved by v2fhdhe Applicant,, who has selected an el astoneric nate rial
for prepari vas ular, ucts or valve s t|- tutes Therefore, a first
ob] ett of N (SR 1O Lot ST 2 aHel HOEG R Tt | al

conpri si Ag awge- théSdt&wbedk@obyd@ahkyisuhnxanﬁ @Bdtacpmhyurehhaﬂe whose

characterlstlc e, ted._i he. en n Another
obj ect of t i %?géen é?nggﬁtgo%e@bn %§%gh a roc £h?o%% parlng an

eIastonerlctnﬁmemnarvaﬁﬂ@las dBOtsngnd séﬂenibﬂepaubdtatk?$5|tb&ane and a
pol yur et hang whas e, char a6f afd:Std Co a1 £rd 'Ei&&'afaﬁa{:EBiSPChQESE!ohﬂde'
patible and biostable towards living tissues.

10 One of the aims of the present invention is to prowvide

a new material for preparing vascular ducts or valve

substitutes without contraindications once implanted

into a living organism. '

Ancther aim of the present invention is to provide a
15  Dbiocompatikble, hemocompatible and biostable material

for preparing small-diameter vascular ducts and valve

substitutes.

These and other -aims that will .be evident from the

following detailed description have been achieved by
20  the Apblicantﬁ who has selected an elastomeric mate-

rial for preparimd vascular ducts orf wvalve substi-

CD tutes.
~ Therefore, a first 'object of .the present invention

consists in‘ an elastomeric material comprising a se-—
25 lected polydialkylsiloxane and a polyurethane; whose

‘characteristics are listed in the enclosed independent

claim. ' -

Another object of the present inventioh censists in a

process for prepa?iﬁg ah elastomeric material compris-—
30 1ing a selected polydwalkylSllozane and a polyurethane,

whose characteristics are listed in the enclosed inde-

pendent ciaim.

A further object of the present invention consists in

the use of said elastomeric material for preparing



pendent claim A further object of the 'present invention consists in the
use of said elastoneric material for preparing WO 20041031263 :
PCT/1B20031004282 -3 vascul ar ducts and val ve substitutes. Qher preferred
enbodi ment SVBROHHE1%5F esent i nvention are described in t hBCERRAGEWS282
dependent claim Further technical characteristics and the advantages 5 of
the invention will be better evident fromthe fol- |low ng detailed
description. The elastoneric material according to the present in- vention
has specific characteristics that make 3t use- ful in the nedical field. 10
The el astoneric material according to the present in- vention can be

obt ai ned starting fromtwo conponents (reagents). A first conponent is

‘pol yuret hane and the second com ponent is a silicone, polydial kyl sil oxane:
15 - Pol yur e¥haRe$2hateCef aBRONEREES pFoper i Fé8es Pol yure- thanes have

physi cal - mechamt £abregatrtlegs SiHIRIdEHR00 £ I eSleStANGR {0 Abfasi i easy
‘wor ki ng (extrusion), %gd good CO% bi%ié%/ wth tissues that are simlar
to silicone®ef alTonetaes 267 Untdrd ¥[Y, RGOy -t Fnes used until now
show a bi odugridat | cacaecuali nhonce drtiestiLerhadl el rdwaMed in cont act

n U sstes,s Qe olber hand) gLl Loongs haue, goud LSt s ol e
and coagul atliconirfpeteras)l ahdices qrightanged bi ostability in bionedical -
PPl ol o0 SLAEIE pEL MIEL, e AU BEOBSTLLRR, 1S | cone
" However, al theedglensita s iive crrexdeldiaiti gedibet make it use-
ﬁb- ful in the medical field. | ' '
‘ 10 - The elastomeric materisl according to the present in-—
vention can be obtained starting from two components
(reagents). _
A first\component is polyurethane and the second tom-
ponent is a silicone, polydialkylsiloxane.

15 - Polyurethanes have elastomeric properties. FPolyure-
thanes have physical-mechanical features sich as good
registance to abrasion, easy working (extrusion), and
good compatibiiity with tissues that are similar to
silicone elastomers. _ '

20 Unfértunately} the polyurethanes used until now show a
biodegradation occurring once ‘the matérial is dm-

L pianted in contact with tissues. , -
On the -other hand, silicones have. good features of
biocompatibility such as hémocompatibility (low acti-

25 vation of platelets and coagulatiéq factors) and a
prolonged biostability in biomedical appiications.
.Silicone'pélymers have elastoméric properties.

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

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

The elastomeric material éccording to the present in-



Lance to high tenperatures and a good flexibility at |ow tenperatures,

t hei r«nmechani cal resistance is far. |ower than pol yurethanes. The

el astonmeric material according to the present in W) 2004/031263

PGT/ 1B2003/ WO£26803126% venti on has specific properties thatPCavg2apoenszl | ent

conprom se between the best properties of polyure- thanes and the best
properties of silicones. In the elastoneric, material according to the
present 5 invention the silicone content inproves pol yurethane

henoconpati bility and the biostability-properties of polyurethane, whereas
t he pol yurethane content im proves the features. of tissue conpatibility of
the silicone elastoneric conponent. 10 The properties of the el astoneric
material according to the present invention are obtained- through the se-.
| ection of comporient has wpughiihepsebection bhathérestoi aHa@idtenitc ratios

between sai d Jist,and Speend.s componenteand, LILought hee pardigular reaction

condi 15 tion e syn thesis of ONEri c ma ria
el astoneric ﬁﬁﬁ@ﬁSaEnMa§h§nbﬁﬁtepgém@ﬂﬁaﬁﬁanp@h}iC@@ﬁﬁc net wor K

(retlculatloqjlngyegﬂagt%hggﬂg A8d e Rahy W el hane o %? , Sehd %&%%%ngonponent

is a polyurethane and sald second conponént is a s I cone. ol yur et hane
i s obtai ned ﬂﬁGﬁP§l§@nﬁHé%|§llé§@ﬂﬁoﬁxﬂﬁé¥ﬂbehm%h0ﬁ$%o@@ﬂYW§ﬁ§ Reand an

i socyanat e ”E@&%%Bmpa@&%&@&%?'%nmf'ﬁﬁé'@ﬁk%@a&&hﬁ%ﬁﬁtﬁﬁ&ﬁérﬁﬁQsb%fused 25
Furthernore, co-p ¥uret anes can be. -used, particu-"larly block or .

segnent ed' cBep 6P§ﬁ BER&nesWh eSSl ek ?héﬁgéwﬁﬁﬁhﬁgmth&?@ﬁ@%ﬁon&msegnented
al i phatic powuvesetwe;feaﬁu@@@ngofsezgrg%ﬁmeedc@:ﬁpﬂmbﬁm@wlﬁﬁt hpaes.
gheferably. Lhe,pol ymers used 10 Lhe present invention

10 The propertles of the elastomerlc material according
to the Dresent lnventlon are obtained- thfough the se-
lection of components, through the selecLlpn of the
stoichiometric ratios between said first and second
-component ‘and thrcugh the pérticular reaction condi-

15 tions used in the synthesis of the elastomeric mate-
rigl.

The elastomeric materizl has an iﬁterpeﬁetrating poly—
méric network (reticulation) between . silicone ~and
polyurethane.

20 Said first component is a polyurethane and said second

, *compoﬁent is a silicone.
€D _ A poiyufethane is obtaiﬁed_frmn a.syniﬂesis reaction
between an alcohol monomer and an isocyanate monomer.
Preferably, fluorinated polyurethanes can be used.

25  Furthermore, co-polyurethanes "can be .used, particu-
larly block or segmeﬁtéd' co-polyurethanes. Poayure—
thanes can be chdsen among segmented allphat1c polyu-—
rethanes or among segmented aromatlc pclyurethanes.
PreLerably, the polymers used in the present invention

30 should have good elastomeric properties and good bio-
compatibility and hemocompatibility.

Preferably, sald poTymers should have a good selubil-
ity and stability at relatively low boiling points and

a good miseibility with water-based solvents.



30 shoul d have. good el astoneric properties and good bi o- conpatlblllty and'
hemoconpatibility. Preferably, said polymers should have a good solubil- ity
and Stability at relatively low boiling points and a good miscibility with
wat er - basedWsntW&mige3 WO 2004/ 031263 PCT/ 1B20031004282 - cAdwantagesis! y,
said first conponent is chosen among pol yether-urethanes or, alternatively,
anong pol yes- ter-urethanes. For instance, the polyurethane used in the
present in- 5 vention can be chosen anong ali phatic pol yurethanes.

Al i phatic polyurethane is prepared for_gjnstance start- ing froma

di i socyanate and a polyol. Diisocyanate is chosen for instance anong

1, 2-di i socyanate ethane, 1,5-diisocyanate pentane, hexanet hyl ene

di i socyanate, 10. nmethane diisocyanate pentane, 1,9-diisocyanate nonane,

1, 8- di i socyanatvenestapesiy, 4sdﬁidsqxz;@tat@arbwm :_s chosen among
di - _i socyanat

-4, 4" -nmet hyl-enebi scycl ohexyl diisoc

1, 4- transcyd?%g’?Bﬁ%raFFgﬁ%§Qﬁ3t8, %ﬁﬁéfn%% %%nﬁ?@ngwgﬂnyes'
dlethyldl|sotyﬁﬁarethimaﬂe 15 The dllsocyanate menti oned above is reacted
with a poly V|n a nDIecuI t of 500 .to 00 chq- .sen for

i nst ance armﬁg pjo y?ien %cﬁo a&fj‘gﬁe 015 us(etcgtlﬁlanéﬁ%reﬁee g.cdl te)

pol y- (1, &- cyt¢mhexyldan ﬁEihymBﬂﬁladm@ageﬁilpbhinhGXdHEUh¥EEHEﬂDXaIate) 20
pol y- (hexa ‘?y %?ﬁ% -%;g#§9 Ly, %) ) ranmet hyl ene
oxi de), polmiiﬂL e]% eneﬁ% haI%gllys aglre%g;%gﬁéng% gé:)lé < %ﬁ_f& second
conponent |s#%gs+1¢%oﬁele$@€Eaa@t? 283 d spllivedne Did sehrysen taming '

polysilox- Z3,dddies .o efiaabhye S&h&@oly%iﬁ&%yﬁa@@osgr&ﬁmﬂg pol i di -
aIkyIS|onanes Advant ageously, said. dial yl si I'oxane i s-a polydi-
1,5-diisocyanate péntane, hexamethylene diisocyanate,

10 metheane diisocyanate pentane, 1,9-diisccyanate nonane;
1,8-diisocyanate octane, 1,4-diisccyanate Dbutane,
4,4 -methylenebiscyclohexyl diisocyanate, lysine di-
isccyanate, 1,4-transcyclohexang diisccyanate, dimeth-
vlisocyanate silane, diethyldiisocyanate silane
15 The dllsocyanate mentioned above is reacted.'w1th a
polyol having a molecular weight of 500 to 10,000 cho-
sen for instance among pely{ethylene adipate), poly-
(tetramethylene adipate),  .poly-(1,4~cyclchexyldi-
methylene adipate), poly-(hexamethylene ozalate),
20 poly-(hexamethylene glutarate), poly-(caprolactcne),
poiy—(tetramethylene oxide), poly~(ethylene oxide),
CD poly-(1,2-propylene 021de). '
Said second component is a svlﬂcone A
Preferably, said silicone is chosen among polysilox-
25 anes. '
‘ Preferably, said polysilozane is chosen among polidi-
alkylsiloxanesl
Advaﬂtageousif, said polydialkylsiloxane is & polydi-
. : methylsiloxané (PDMS). _ ‘
30 Said polydimethyisiloxahe has four terminal groups,
two for each end, terminal chain portion. .
Tach of the four terminal portions can be blocked with
.an acetoxy group. .
Preferably, s=said polydimethylsiloxaqe has one te four
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met hyl si | oxane (PDVS). 30 Said polydlnethyIS|onane has four term nal
groups, two for each end, termnal chain portion. Each of the four term na
portions can be bl ocked with an acetoxy group. Preferably, said

pol ydi met hyWwsi dooxemssshas one to four WO 2004/ 031263 PCT/ 1520033034484, -6
acetoxy groups (functionalized silicone). Advantageously, said

pol ydi met hyl si | oxane has four acetoxy groups, two for each term nal chain
portion. The elastoneric material according to the present in 5 vention is
obtained froma reacti on between a (ang_phatic or aromatic) polyether
urethane or a (aliphatic or aromatic) polyester urethane, which is reacted
wth a functionalized silicone. Said functionalized silicone belongs to a
class of 10 'silicone conpounds having a PDVS (polydi methylsilox- ane)

chain (backb@@@%ogi;le%}&%éy(f@ﬁi&{iggaj@92§§ {o Ohsndpin specific reactive

sites on term nal alns/portions, or alternatively on s eC|f|c pen- dants.
15 These rea%@‘if%m%%wam B Ot psPa ELEREERR. SR RG -  Br6xyIPUDH) ;

met hoxy (CH3-dtoy :yo&ﬁBCﬁ?&ﬁ@r es Y tdAi3E02-0ha 1.ePsxy: (& CHO ) ;

acet oxy (CH3C00- % carbo COON%‘:L am no & RNH2-) _and ot her_groups. The
reactive gr haf T B BRhETHALt RECST £8n&° ?§Qﬂﬁﬁ?ﬁ%%% BTl d a bond
Wi It h theﬁf uriedd oned QEO@matlg@td ﬁr@rﬁeap&%‘a@ﬁl lﬁ@ﬂ Eﬁmﬁaﬁk@?neapi the

pol yur et hane .conpo=. neat and can react also through the ves giving rise
to a silicomd oty HettHae el Hs tirer T ¢ HatHr Fz?ﬁf'eﬁ']bae trating

pol yneri c netmwwartgmat2a:) F@ohy’&me;raachalms m:fld?Dlv& t:eﬁcemlecbyw:ttﬁe Appl i cant

is chosen aréor}gmsdl_lllo%%rl \g SIT%C\gnsecom ty of 300 to.

€> Said functionalized silicone belongs to a class of

10 “silicone -compounds having a PDMS (polydimethylsilox—
ans) chain (backboné) chemically medified so as to ob-
tain specific reactive sites on terminal
chains/portions,. or alternatively on specific peﬁ~
dants. |

15 These reactive/fﬁnctional groups are chosen among hy-
droxy (-OH); methoxy (CH3;0-);:etoxy (CHﬂﬂhO—);-etoxy
(CH3CO;~) ; epoxy (CH;CHO-); acetoxy (CH3CCO-); carboxy
{COOH) ; amino_(-RNHZ—)_and other groups. , -
The reactive groups that are preéent on the silicone

20 chain can build a bond with theé functionalwgroups that
are present on the backbone of the polyurethane compo- .
nerit and can react also thfdugh themselves giving rise
te a siliéone polyurethane elastomeric mateérial (IPN =
interpenetrating Polymerip network) .

25 For insfance, a class of PDMS tested by the Applicant
is chosen among silicones with a viscosity of 300 to
450; for imnstance 350 cps; a molecular weight of 5,000
to 50,000 Dalton; den51by of 0.97; reticulation time,
(pure compound) of 4 *to B hours; tensile strendgth.

30 .greater than 100 psi (with an elongatioﬁ greater than
120V ; elongafion‘ (pﬁre compound ) greater than 150;
Shore A hardness greater thaﬁ B.
For instance, a class of- aromatic or aliphatic poly-

ether-based polyurethanes or a class of aromatic or
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- 400, for instance 350 cps; a nol ecular weight of 5 000 to 50,000 Dalton;
densiity of 0.97; reticulation tine. (pure conpound) of .4 to 8 hours;
tensile stren(?th. 30 greater than 100 psi (with an el ongation greater than
120) ; el ong®{G #9+PHPdf2 conpound) greater than 150; Shore PETiBrenAsLsYr eat er
than S. For instance, a class of- aromatic or aliphatic poly- ether-based
pol yuret hanes or a class of aromatic or .......... WO 2004/ 031263

PCTI 1 B2003/ 004282 -7 aliphatic pol yester-based pol yuret hanes tested by the
Applicant is chosen anong pol yuret haneg-having a vis- cosity of 600 to 900,
for. instance 700-500 cps; Shore A hardness greater than 80; density for
instance of 5. 1.11; tensile strength of 4.2 Mpa (Wwth a 50% el onga- tion),
5.4 Mpa (with a 1000 el ongation) and 10.5-Mya (with a 300% el ongation), and
mol ecul ar weaghphoticl@o0@ester208s600prDatoathThesnetelsded dry priepari ng t he
el astoneric j acy ~eQrdi to. the. pe [ ' sists in a
cheni - cal ,rgg%ff’f‘%%ﬁ}:nggof%g?ig%% g‘??&ﬁe%"?ﬁ%&ﬁ%@t@ ar%le%\(;gLnIill gdn T:‘Flﬁcti onal i zed
pol ydi net hyl epFdkanet( PONSFo 8aPd porkydrethare i790x 558 ywsherShae hane or a

pol yes- ter M%tah}éﬂésslﬁﬁa%fe%r ably, §eiddJlpetdonalizedstance of
pol ydi net hyl si | oxane ( 1éﬁl_s chosen anong di acet oxy-silyl termnated
pol pdi nefhyl ki +bxahe’stie ebhReaTHs $but - AckP2 oY1 thr Supd? tSHEEEet oky groups

for each chagroend)s. Bapgapahaaihmeat hyl sl | oxanesiSoh N 58HULIOB iMp=pr esence
20 of a solvent such ane/ di_oxane. dvant ageously, before

starting the'syt hési S%p%gée%}?h d%ojfscg{)d f PREt BonpEhedt, W sefdnd
conponent arich 20 &0 td e Ealoentzlace .puri fied. The sol vents used in~the
éﬁ{ocess acc%ﬁgi%%éﬁ%é*%%%"ﬁ?eparing the elastomeric material ac-—
- 10 " cording to the present invention consists in a chemi-
cal reaction in solution between a polyuxethane and a
functionalized pelydimethylsiloxane (PDMS).
Saild polyurethane is a polyether urethane or a polyes-
ter urethane. ' ‘ | |
15 Preferably, said functionalized polydimethylsiloxane
(PDMS) is chosen . among diacetoxy-silyl terminated
polydimethylsiloxanes (it contains  four acetoxy
groups, two acetoXy groups for each chain ehd)_
Said polydimethylsiloxane is in solution in presénce
20 of a solvent such as tetrahydrofurane/dicxane.
CD Advantggeously, before starting the sypthesis react%on
said first component, said second component and also
| the solvent are purified.
The solvents used in.the process according to the pre-
’25 sent invention are mixed solvenfé obtained from a com~
binatiod of tetfah&drbfurane and dipxane._The’solvents
are separately distilled using a rbtavapor {rotating
_ evaporator}. ' .
: _ Advantageously, the polyurethane material is purified
30 (for instance op to forty purification cycles, pief~ :
erably thirty cycles) in a Soxhlet extractor with a
1:1 (V/V) soliution of acetone and methanol. In order
to carry out the synthesis reaction, the reaction con—

ditiong such as temperature, moisture level and time,
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25 sent invention are m xed solvents obtained froma com bination of
t et rahyydr of urane and di oxane. The solvents are separately distilled using
a rotavapor (rotating. evaporator). Advantageously, the polyurethane
mat eri al i sWpU0P4/43e2b3 30 (for instance up to forty ‘purifi eETNBLOIGYTLRES,
pref- erably thirty cycles) in a Sokhlet extractor with a 1:1 ('V/TT)
sol ution of acetone and nethanol. In order to carry out the synthesis
reaction, the reaction con- ditions such as tenperature, noisture |evel and
time, WD 2004/031263 PCT/1B20031004252-5-=8 which are present in the reaction
anbient, are con- trolled. In order. to obtain an efficient interaction
between the reagents (conponents), the reaction has to be car- 5 ried out
at a tenperature bel ow 100C, preferably of 60 to 90C and under stirring
wi t hout " vol uwkithssrien présemieadhortitiereacsdbwentmbevaper arieoncodo as to
keep vol une tgg%lgg the reactor as. low as possible, a reaction nediumis-
i ntroduced. Sard reac- 10 tion nediumis chosen anong a 1:1 (V/V) m xture of
sol vent s suchn asrdety ahydobtarianeini efdneleshi d rteastdtdremedétvegl: 1 (V/ V)
m xture or e r / dj -NaSy id t erat ure
bel ow 95C. i‘g}i%\ ?%%%%%g% u?g&’:ﬂ%ﬁ%g\lﬁgg@ ajfﬁ%()\;\ajgg%%b car raigl/%gutfdJ gg%ynt e- sis
reacti on-at &le@npeFatir & ofeBPerat e, badvdntldd GeowsiafegAy t@f 88C, with
a mni num sofyept bese A iKndPesteacthoNwiTheuteaehiLaR helweemn
pol yur et hane = and pol ydi net hyl sil oxane is carried out using a reac 20 tor,
pref erably aEihrieRadeek Feactorsptosibetlamttisdati ng j acket, a water
condenser, &dragpetiL widfrepluaRd Bgevigerhior RReHdIMdaa nekregen flow in
-he reac- tion sqjas to prevent the reagents (said first agp

posgsible, a feaction medium 1s introduced. S$ald reac-

10 tion medium is chosen among a 1:1 (V/V) mixture of

solvents such as tetrahydrofurane/dioiane.

Said reaction medium (i:1 (V/V) mizmture of solvents
tetrahydrofurane/dioxane) has .a bolling temperature
below 95°C.

15 A temperature below 855°C allows to carry out a synthe-
sis reaction at a temperature of 60 to 90°C; advanta-
geously of 78 to B88°C, with a minimum solvent loss
during thé reaction. The reaction between polyurethane
and polydimethylsiléxane is carried out using a reac-

20 tor, preferably a three-néck reésdctor provided with

¢ heating jacket, a water -condenser, a magnetic stirrér

cg : and a device for ensuring a nitrogen flow in the reac-
tion so as to prevent the reagenfs ﬁsai& first and
second componént) from absorbing moisture.

25 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, advahtageously at a tem-
peréture of B0 to 84, for instance 82°C. - ‘ '
Advantageously, the amount by weight of functionalized

30- polydimethylsiloxane in the reaction ambient can vary
accordingﬁ to the properties tc be obtained in the
elastomeric material.

Preferably, the amount of polydimethylsilozane 15 of

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



second conponent) from absorbing noisture. 25 Preferably, the reaction is
carried out in atinme of one to twelve hours, preferably four to six hours;
at a tenperature of 78 to 88, advantageously at a tem perature of 80 to
84, for instveme®482253 Advant ageously, the anount by wei ghtpofxdoiabiepal i zed
30 pol ydi met hyl sil oxane in the reaction anbient can vary according to the
properties to be obtained in the elastoneric nmaterial. Preferably, the
anount of pol ydi net hyl siloxane is of 20 to 80% by weight; still nore
preferably of 20 to WO 2004/ 031263 PCTL4B2003/004282 -9 40- by weight;
advant ageously of 30 to 40% by wei ght. The synthesis reaction of the

el astoneric material take place probably in two steps. In practice, the
rreaction conditions within the reac- 5 tor, for instance a three-neck

react or (tenme%abgraelgﬂﬂIWAdﬁaﬁﬁmée@h%ﬂggeﬁ anbientkost Byaveigdhfivi sture) are
| oxane re- acts with. t e hydr ogen

such that the,functionalized di_met hyl
at ons of the%3$btﬁ%ﬂgﬂﬁg%?loﬂ ac%%ﬁﬂf 8re %?%se a%ﬁ?%ﬁﬁ%ﬁJrgﬁﬁgﬁé hai n. The
formation 10takecpéaneaprbhmﬁaycneatas atEpEICU|atI0n In practice, two

acet oxy 9”’“ % g:teir% prigpent é‘clp% yéB;{E%)E%I?é o1 bxane, @é”ﬁeéé a bridge
bet ween two ones (two ~ure ane chai'ns as s owWn in ure 1. Figure 1
shows thdiretp@uléknbnl@@b@n¢Eng|ﬁhﬂﬂ@3n8231pb¢@@¢@rhéh@mphaﬁhuvhrough t he

formation of sthe bogd s tis ¢ y?éftmfgﬁoxxof Ul ot dhal fr g present in

si | oxane. Then

tetrafunctional | zed pol ydi nmet rin polynerlzatlon of
thast ijf wu%%ﬁ%@na@z%@q%ﬁﬁwh@fﬁﬁﬁnﬁaw ¥@Traace- .

the material SEBY -

20 toxy-funchiepalizedrpel yeidmidayl sitegxans ik PhesSEncS: %o%ﬂ@ﬁf)heri CS .
redacti on uc

hum dity or mater reacts and gi'ves rise to a _condensation
ﬂhndensatlon that Are. present in polyurethane chain. The formation

10 of chemical bonds creates a reticulation. In practice,
two mcetoxy groups that are present in polydimethylsi;
loxané bind as a bridge betwesn two backbores (two
urethane chains), as shown in Fighre 1. ' ‘
Figure 1 shows the reticulation occurring in the

15 polyurethane chain through the formation of the bond
with the tétraacgtoxy functions "that are présent in
tetrafunctionalized polydimethylsiloxane.

Then, during the polymerization of the material (by
casting or spraying) the remaining amount of tetraace-,

20  toxy-functionalized polydimethylsiloxane, in presence
of atmospheric humiditf' or':water; reacts and gives

'QD rise to a condensation.reaction. Such condensation re-—
action turns the silicone “pre-polymer” into a polyméf
with a higher molecular weight (e;astomeric material) .

25 The reaction byproduct is acetic Ecid obtained_from.
‘the reaction mechanism and from the reticulation of
polydimethylsiloxane as schematically shown in FPigures
2 and 3.

Figure 2 shows the reticulation mechanism of tetraace-

30  toxy-functionalized polydimEthylsiléxane.

Figure 3 shows the formation of a three-dimensicnal -
network (reticulation of chemical bonds} due to the

presence of tetraacetoxy-functionalized polydimethyl-

silozanéa.




action turns the silicone "pre-polyner"” into a polymer wth a higher
mol ecular wei ght (el astomeric material): 25 The reaction byproduct is acetic
acid" obtained 'from the reaction mechanismand fromthe reticul ation of
poliydi met hy | ¥P128%43E64s schematically shown in Figures 2 aaumoofigese 2
shows the reticulation nmechani smof tetraace- 30 toxy-functionalized

pol ydi met hyl si | oxane. Figure 3 shows the formation of a three-di nensional
network (reticulation of chem cal bonds) due to the presence of

tetraacet oxy-functionalized pol ydi met hydg- si |l oxane. WD 2004/ 031263

PCT/ 182003/ 001282 -10 Then, once the-synthesis is over, the elastoneric ma-
terial prepared wth the nmethod descri bed above is filtered so as to

el imnate unreacted residues of said first and second conponent. The

el astoneri c rMitssr,i alnde i sh&kepynbhektdw Lenpeeat utbs edtistkoneris used for pre-
paring film like senpsLiaished Anodugts £aMAl ninde dhLheranl pengent ages of
silicone. Characterizatfon tesis The 6l ast omeric material according to the
present in-. TifFarad ison 37 éparsdd mEsiades cnivbagtaboveshdvednddr gode a  series
of charact er izatdion 1 @Stacofdf id ke hag bepnschatact eplged1Lhr ough

m cro- scope observations and through a heat analysis (DSC) (differential
scanni ng ¢al ¢ fERdy 2t 15 DSeeERr 35t ee sl Fows! tio- measuredgFassPEeansi tion
tem peratureztiol etivsialilkezatiegn -traRpanhabiur grafdchBl t thgtapak At
tenperature. These dgta are gbtalne% sup,ectlng the material to i fferent
heat cycl es. G126 °FRBe PERAFRCEEFP2 R i5ﬁ~%9?%ﬁeters of the material are c

necessary tochdeatibyitheipnhopeetiges of the el asto-
ﬁ) The élastomeric matérial according to the presént in-.

10 ventionh prepared as déscribed above has undergone a

series of characterization tests.
A film sample has been characterized through micro-
scope observations and through a heat analysis (DSC)
(différential scanning calorimeter) .

15 DSC analysis allows to measure glass transition tem-
peratire (Tg), crystallization temperature and melting

point temperature. _
These data are Obtained subjecting the material to

different heat cycles. _

20 These characterization parameters of the material are

QD necesgary to didentify the properties of tﬁé elasto-
meric material according to the present invention. Ac-

cording to its pioperties the elastomeric material is

used for preparing valve substitutes apd wvascular

25 ducts. o ' _

A DsC analyéis of .pure polydimethyisiloxane (PDMS) is
shown by way of réference, see Figure 4. —
The characteristic peék of pure polydimethylsiloxane
is shown in Figure 4. : .

30 Figﬁﬁe 4. shows the behaviog of the material according
to the present invention, confainihg 20% by welght of
PDMS, compared with a known material such as Cardio-
thane® 51 (commercial polyurethane) containing in
(non-reticulated) mixturs 10% by weight of chemically



meric material according to the present invention. Ac- cording to its.
properties the elastoneric material is used for preparing valve
"substitutes and vascular 25 ducts. A DSC anal ysis of pure

polydi met hy| ¥0128%1#8266PDMVS) i s shown by way of reference, reeankiogui@ssd. The
characteristic. peak of pure polydinethylsiloxane is shown in Figure 4.. 30
Figure 4 shows the behavior of the material according to the present

i nvention, containing 20% by wei ght of PDWMS, conpared with a known nateri al
such as Cardi o- thane 51 (commercial polyurethane) containing in
(non-reticulated) m xture 10% by wei ght of chem cally W 2004/ 031263
PCT/ 1 B2003/ 004282 -11 non-reticul ated and rel easabl e PDM5. Figure 5 shows a
DSC spectrum of Cardi ot hane(r) 51 and of the elastoneric material of the
present i nvemdmonrabht @iheiced raml arateansdir e ppbYEr eFhanee( BUshew20% by wei ght
of a function:, 5 alized polydinethyl.sil|l exahe (P Fl gure IS . _
conparative p%ass?lts St‘}je?%e%uﬁg & S%%%Jr%ﬂkhaanﬁe %?P@%d%e&h@s%;ﬁg,t%gen%ﬁt%eri al

Car di ot hane( matstriad xefir Eheofommspolty uretdranen Rtytained from aro-

pol ydi net hyl si.| EEJE?@ d | 3g0 LG erjzal i\ng, to the
10 present i%d\%%?gﬁj,l 0 t]al)hr?e , {f%}r%gm%t. 22 sgﬁi_hﬂgé@ttofcjfgﬁo%%%?iqg%

pol yur et hane adddcZo By dadiegiy Lof 1pgaaei dRaMS2ed  pol ydi met hyl si | oxane. An -
anal ysis or BSG.GW wesd i FgiH-828iR0i RbstouktlBen:Chakaglarbshhapeaks of
PDVES at a tenperature of about. 15 -45C_ which are a§s§il ated wth the
crystal lizati'6H) SF™re Bfde&S a2 FEIBSE GrEHH G356 yarlet RAKE LEst ane) , - a
material knewn' z teobeuastlhans phauy pelndres, deesdnnetildwi ad¥ane '

grystallizatignopeak i n he whol e Lenperatire; Jange e 20 have Layesti gated
10 present inventicon, obtained from thée syrthesis of arco-

matic polyurethane and 20% by weight of functionalized

pblydimethyléiloxane.

Ah analysis of DSC curves in Figure 6 points out the

characteristic peaks of PDMS at a temperature of about.
15 -45°C, which are associated with the crystallization

of the material. _

The DSC graph of polyursthane (Estane), a material

knowr. to be an amorphous polymef,_dbés_not show.any

crystallization peak in the whole temperature range -we
20 have investigated (Figure 6), Thereforé, the area bf

the melting peak of PDMS represents a fingeir print for

determining the amount of free {(chemically non-bonded)
polydimethylsiloxane that is present in the material
according ‘to the present invention.

55 As can Be seen from‘Figure 5, the peak of PDMS in Car-
dicthane® 51 (which contains less than 10% of .non—.
bonded PDMS) is &bout three times greater than the
peak obtained_witﬁ the material according to the pres-
ent invention, which contains 20%. of chemically re-

30 ticulzted 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



the nelting peak of PDVS represents a finger print for determning the
anmount. of free (chem cally non-bonded) polydi nethylsiloxane that is present
in the material according to the present invention. 25 As can be seen from
Figure 5, tNeO pW4R31363 PoMS in Car- diothane(r) 51 (which cemtaiossdeess than
10% of non- bonded PDMS) is about three tines greater than the peak
obtained with the material according to the pres- ent invention, which
contains 20 of chemcally re- 30 ticulated PDVS. This neans that in the
material according to the pres- ent inw %gtlon PDVS i s chemically bonded with
pol yure- thane in a greater anount than PDVS in Cardiothane(r) 51. For this
reason the anount of PDMS that can be WD 2004/031263 PCT/ 1B2003/ 004282 -12
crystallized in the material is smaller and the ampunt of PDVMS that is free
within the matgidial1iissmahl ehe nmikerelast@nikiag 18Rt ehbakhaceaidihrg to the
present in- vention has al so _been evaluated and cha acterlzig 5 through an
ATR-FTIR |nfF&?éﬁmgbééﬁFoééo5§eFAP%EH&§t ge mﬁFﬁFl f f-8ctafice®Fouri er

Transf orm | nfihar ed)as Homepiiac inag@rikhe awierdialg acsorite n@ré.@ehﬁelﬁl’—esent i n-

t ted with a [R.b t 000 to 650
tm 1. The'r adPREFOR bBAR | S3b RGP e e B aFdhond e SELRr A e, a hi of

refracti dn thdemghAahlRmReFTﬁRrelpﬁkymeéthpaettﬁstapg)(AatEHUEtaﬁated film

ol astomory o DYl Bl GORLL e e BOL YL TR L PR I B ARE 2 T ot ot i ng &
concentrat|oﬁnopraptﬁEEoftﬂ@ﬂnﬂberﬂ@l @OCOB@&BQOt@n@h%QQDESEhav31been

anal yzed. The .abous mggntl'r%aeéafclepwl%v CHTES %%réf?ﬁ‘aa?ﬁﬁi gg'

hni que, throu _; can e obt al ne
ut ed p0|y%§ﬁgg%| .000 to 650 cm~. The radiation beam is re-

10 flected by a diamond crystal with_ a high refraction

index.
A fllm of pure polyurethane (Estane), a reticulated

film of tetraacgtoxy*functlonaliZed polydimethylsilox~

ane and a film of elastomeric material according to

15 the present invention, containing a concentration of

PDMS of 10, 20, 40, 50, 60, 80 and 100%, have been

- analyzed. The above-mentioned films have been made us-

- ing the “casting” technigque, through which a thin film

. can be obtained starting from a diluted polymer solu-
20  tioh.

QD At room témpérature the solvent mixturé 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 réticu-

25 lated through atmospheric humidity.
PDMS . concentratlon in the elastomerlc material repre-
sents a critical value for giving the flnal material
'given characteristics and properties.
Tndeed, ‘two diffefent situations and behaviors of the
30 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'polyuretnane groups

that are present on the materiil surface.



20 tion. OMN At roomtenperature. the solvent m xture used slowy
evapor at es because tetrahydrofurane and di oxane. are highly volatile and,
therefore, the polyner can be de-. posited as a honogenous thin film which
is reticu- 2%O0r484H13%r ough at nospheric humidity. PDVSconc@GTABLO®M4RSR t he
el astoneric material repre- sents a critical value for giving the final
material given characteristics and properties. Indeed, two different
situations and behaviors of the 30 material can be observed. In a first
case the elastoneric nmaterial containingz10 to 40% by wei ght of PDV5 has an
| R spectrum (Figure 7) wth the characteristic peaks of pol yurethane groups
that -are present on the material surface. W 2004/031263 PCT/ 1B2003/ 004282
-13 In a second case the elastomeric material containing 60 to 90% by
M?iggksof PDNEJh%SQﬁtdﬂ&S@£§érﬁﬂb(Eﬂ@&&@ﬁe&ﬁcwhbhdﬂﬂéﬂﬂuﬁﬁﬁﬁﬁﬁﬂf?iC peaks
of P groups,that_.are present i asto ic material._ 5 These
prelimnary s%@:d?%sg%‘ﬁc}%yt‘fﬁ%%g]ifﬁ ?ﬁé@ﬁ%ﬁ%%l}mﬁ{ﬂ‘ MRS ™ adcdithg to the.
present .i nvent) onithe thwowlitaraftainreact gy eef SDMEcomeups rHhatTum
because nost _of said silicaone is chemcall onded wi th pol yure- thane
chains and i saj?%tlsl’rceuﬁ%stedu\lm% et%:léa%g e %?@é‘btf o ‘ecul es, thus formng a
PDVS net wer k Fheses perstimitnaingEwdies etlicoultateed ipoline etlzatemneEriom a -
theoretical paidf; of Mewsaid reticulatad poliyner,qan hed qpgingd as a

| i near nol ecul e contai ni ng macr ocycl es’™ having various sizes on Its chains.

15 This particdulwrraariad di fersl ordlicere uét uRengMvEs PREZVEPaBPSIFeri C

mat eri al acceydi £9i 40 sthe prRsent 'cﬁ\éﬁﬁcaﬂ?ﬂ HRRRY t488h Obolyiire-

B oconpatibility, biostability, he- npcoppa ébl ity and nmechanical
voperties t ng Lhains and 15 reticulated with” the other PDMS

10 moleculeg, thus forming a PDMS network interpenétrat-
ing with reticulated polyurethane. From a theoretical
point of view said reticulated polymer can be imaginéd

as a linear molecule containing macrocycles having

variocus sizes on its chains.

15 This‘particular threé—dimensional_struc?Ure gives the
-elastomeriq material according to the present inven-
tion properties of biocompatibility, biostability, he-
mocompatibility and mechanical properties that are
higher than the analcgous commercial material.

20 Analyses have shown that the criticailconcentration is
of 30 to 40%.by,wéight of PDMS. PDMS makes the surface

of the elastomeric material able to behave as an ac-

tual silicorie surface, and makés it therefore useful

for specifically manufacturing or building deviceés
25 coated with the elastomeric material according to the

present invention and having surface:properties of ex-

cellent blood pontact, or 'émall—diamefer vazcular

grafts that will be developed with this material.

The composition is obtained through a éynthesis proc-

30 éss resulting in an interpenetrating polymeric net-

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

physical properties of polyurethané with the proper-



hi gher than the anal ogous commercial material. 20 Anal yses have shown that
the critical concentration is of 30 to 400 by wei ght of PDVMS_ PDMS nmkes
the surface of the elastoneric material able to behave as an ac- tual

si Ii cone sur Wac¥Wo4/8id63makes it therefore useful for speci frcraiskoos/ o282
manuf acturi ng or buil ding devices 25 coated with the elastonmeric materi al
according to the present invention and having surface properties of ex-
cell ent bl ood contact, or snall-dianmeter vascular grafts that will be
devel oped with this material. The conpasi4ion is obtained through a

synthesis proc- 30 ess resulting in an interpenetrating polyneric net- work.
The particular structure (an interpenetrating poly- neric network) conbi nes

t he excellent chem cal - physical properties of polyurethane with the proper
WO 2004/ 031263 iRGTIFB2002/=064282 ty ldndi ésrofcobipastidhilliittyy @fd sili-
hemoconpati biljfy of sili- cone. Another object of the present invention
consists in the use of said material for meking vascular ducts 5 with

m crodi amet er &nagdherf orbbeeit | n§ ibite apaseahbr lomerdl ost epemsasics vascul ar

pr ost heses. S@yl-§g@ngpersgg§055% Iqutst%aﬁgkgﬁ scid mf?%ECGEE val ve

sheets and sheets for val ve prostheses can prepare

be coated with polyester., Valve prostheses as suc¢ch, coatings of
i ntravascul ar mﬁ%%aﬁl§F§FF§ EﬁECQéééuﬁHFtErogﬁﬁééﬁgaﬁHEE%ERENFFyeﬁave 15

been eval uat egsf vemdnetfuncid opakepei Moofvaiew prheusbsbet hedm Metro and

() vivo tests, The cqmpositign apcording, Lo, the, present | gyention has

10 Alternatively, abdominal nets can be coated preferably
with polypropylene (so as to aveid intestinal ' adhe-
sicn) or prostheses can be coated with polyester.
Valve prostheses as such, coatings of intravascular
metal stents and vascular prostheses in DACRON® have

15 been ,evaluatedl from the functional point of view
though both in vitro and in vivo tests. |
The compésition according to the present invention has
been characterized from the physical point of view
through mechanical stretch &nd circumferential-dilata-

20 tion tests. These tésts have shown that the presence

QD in the elastomeric material of a given amount of func-
tionalized PDMS, 30 to 40% by weight, for instance 40%
by weight, glves the material isotropic properties.

As far as blocompatlblllty is concerned, varidus tests

25 have been carried out in order to evaluate the charac-
teristice of toxicity, biostability and hemocompati-
bility. o
Thé composition has been tested through in vitro cito-
tokicity tests by putting diffefent cell types in con-—

30 ‘tact with extracts of the material..

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

of the present invention with increasing percentages

the_el astoneric
material as suéhh 100iArceinBetoEPy, aaBdoAPAal cReténganipéregaceslpref erably
with pol ypropbfk%a@ &88n88 hAqayeLduhpt-egtbBghesadhe- sion) or prostheses can



been characterized fromthe physical point of view through nechani cal
stretch and circunferential-dilata 20 tion tests. These tests have shown
that the presence in the elastonmeric material of a given anount of func-
tional i zed PBM*B& %P0 40% by weight, for instance 40% bYCREPYRIO4Gt%es the
material isotropic properties. As far as bioconpatibility is concerned,
various tests 25 have been carried out in order to evaluate the charac-
teristics of toxicity, biostability and_henoconpati- bility. The conposition
has been tested through in vitro citoflﬁﬁkicity tests by putting different

. cell types in con- 30 tact with extracts of the material.. Three commercial -
polyners, whose | ack of citotoxicity is known, have been chosen as

t ef t to I t I
of the presoRt FuotRPRentOER (FRer 286 A0 50 ChhYabLThE Booas oBihes ™ o'
PCT/ | B2003/ 0D4282 caidbiof smﬁ:caneoﬁawsg(ﬁﬂ; 3EO 400anmd 10D0Y23The tests
have been C§Eg£gdf Htcgﬁ§ﬁ5%§995$°-#§de)5mﬁ§ﬁ%§9? 5, Tests for

citotoxicity: Tn ro me € en peri od of cells contact
with the ex-2%§ thac@@d phethe eBented obf st ecwitatie witlotgxe c=®f - fect has

been quald t aiiyety eyfbughaddlicough Mndests 08Ul il iedslesic.and brom ne

deoxyurldlne (BrdLﬁ i ncorporation test. The results of in vitro
ci t ot oxi ci t yEe®st bt AAFEH WO LW-ERIFREYel AERORRFEE nEREPIEr 48C0rding to

the present tégyenidoiral ers&@npagedtai thrdfiose Rfosdher Rolnaers-ased  as
reference, apd |nd|c e that the new material is not toxic. The |ack of
toxicity is TOrTHET %ﬁﬁﬁ?r%%ﬂ:by invivo 15 tests carried out in the
‘éﬁtranuscmeﬂh@yséeuﬂtea@ftmﬁ Sunakawmﬂdﬁﬂxﬂﬂmmyeteaﬁdlthﬂﬂﬁaa;the

COrPONLG" itk the elastomeric material according to the present
invention are compared With-those cf the polymers used
gds referenceé, and indicate that the new material is
not toxic.

The lack of toxicity is further confirmed by in vivo .

15 tests carried oﬁt‘in the ihtramuscular system (rab-

bit’s paraventral muscle) aﬁ& involving the incorpora-
tion of material strips for one week (ISO 10993 6,

Tests for local effects after implantation).

The potenL1a1 inflammatotry redction caused by the im-

20 plaﬁfation_ made with the material according to thé
‘present invention, ¢ontaining varicus percentages of

fD silicone PDM3, has been evaluated through tests in-
volving the incorpération of material strips into rab-
_bit’s paravertebral muscle for periods varying from 8

25 te 12 months. |
The histolégical . (hematoxylin—-eosin) . and immino-~
histochemical {through nmn&clonal antibodies directed
against ihflammatory cells, in particular macrophageé)
analysis of tissue surrounding the im@lantation'site
30 have pointed out the absence of inflammatory reactions
~for the matérial according to the presenﬁ,invention-
with silicone percentages of 20, 30 and 40%, whereéas
both Jlower and higher percentages have resulted in

guite a remarkable reaction.



tion of material strips for one week (1SO 10993-6, Tests for local effects
after—inplantation). The potential inflamatory reaction caused by the im
20 plantation made with the material according to the present invention,
cont ai ni ng VAL B3B3 cent ages of AWN silicone PDVS, has hegneenabuated
t hrough tests in- volving the incorporation of material strips into rab-
bit's paravertebral nuscle for periods varying fromB 25 to 12 nonths.
hi st ol ogi cal (hematoxylin-eosin) _ and inmuno- histochem cal (through
monocl onal anti bodi es directed agai nstlGmflamatory cells, in particular
macr ophages) analysis of tissue surrounding the inplantation site 30 have
poi nted out the absence of inflammtory reactions for the materi al
according to_the esent invention wih siligcone percentages of 20, 30 and
40% mhereasBlﬁéFE£P§%E¥ éﬁ& ?ﬁﬂﬂ?Yﬁi%ﬁﬁﬁ%g grﬂﬁgﬁ %E?ngBZaF%a”quite a

remar kabl e r eaehi ofi. sY\0:.26004£084268:2PETi kB2003LB04282uchl6énBi astability has
bot h as

been eval uat through the i.npl anta-,tion of strips of the materjal, )
such and aft§§0°1d%@g§$?%ﬁcﬁgﬁ¥htSaFaF'§§%%%%§Ji?¢%ﬁ§érIF@EF@n. #h% sanpl es
expl ant ed andaapatyzedpilhntedgh BEM amalFied RtSrbagh stidiverah BbBsERce of

The

; , e : o | .
and Towsr portenross Rhokrarcey bl pdctn ARt 1ok [EErElad 0 TN aher
conposi ti on eerttiifng.oft 038 haupt ed8ft Wwilenrespesthave bdeherest®d for
hemoconpat | bj Lirdy QU IR0 Mialdchilast povoluing Bupmioll ood
circulation and i m plantation of sheep's carotlg artery by-pass. In vitro
tests with thctlel BEPOREFPOSHALEN ACEOdlhi hg GPPf Aitesemt pEreent ages of
@fl i cone take; dNtihEoNsdderaldody SOFen R8s SWBLSF S CONSEr g adhesi on and
atele&OaCtéitro tegts involving human blood circulafion and Jjm-
plantation of sheep’s carctid artery byv-pass. In vitre
tests with the elastomeric material containing differ-
ent percentages of silicone take into consideration
some parameters concerning acdhesion and platelet acti-
15 vation. The results have identified the elastomeric
"material containing 30 to 40% of silicone as thé least
thrombogenic. This elastomeric material has beer cho-
sen for the subsequent in viveo implantations.
Until today excellent results have been achieved with
20 vaSCUlar:prostheses that are still pervious after ten-
‘ and twelve months from the implantation.
% Furthermore, an endothelialiZzation of the material has
been observed in some explanted prostheses already
twenty days after the implantation.
25 This is a distihguishing trait ot found with other
' marketed materials.
As far as the érgparation of endovascular metal sterits
is concerned, a full coating with a thickness of 6 mi-
crons has been made with the material according-to the
30 present invention, which coating fully covers fhe
filaments both inside and outsidé. |
Said coating has heen observed through SEM using both
morphologic analysis and microahalysis.
Given the good hemocompatibility resﬁlts chtained with



15 vation. The results have identified the elastoneric material containing
30 to 40% of silicone as the |least thronbogenic. This elastoneric naterial
has been chos ,hor t he subsequent in vivo inplantations. Until today
excel | ent reé‘]ﬁ?ﬂrsa"” H9% been achieved with 20 vascul ar proftGTaB2Q3PKES2 ar e
still pervious after ten- and twelve nonths fromthe inplantation.
Furthernore, an endothelialization of the material has been observed in

some expl anted prostheses already twen{y. days after the inplantation., 25
This is a distinguishing trait not found with other marketed materials. As

far as the preparation of endovascular netal sterits 1is concerned, a full
coating with a.thickness of 6 m- crons has been nade with the materi al
according-to the BPopresest, i ANeNhkDeridhi shceeathpgtbukhy gaverssi he
filaments both inside and out?s.éide. .Sai d cg?tii n h@ , been obs@ﬁéyedfhrough
SEM usi ng bot PRI ofi CHATYAE aRd i 'tr 58na @%i ¥ JEHt hé'good
hénmoconpat i bi #itycommsul hssobbaknedtiwtdn WDo20046881263 BET/ EB2003/,004282
-17 the prostheses, the . mater.al, according to the .present. invention, a,
condensat e ofwh”%bq AT e G G S glhill%&l e,anfgéLs‘jpggg%lghgélér Sf'or coating
the stent$, whiclEHere heemanydl antedyt Hoaugheawgespl astic surgery 5 into
sheep' s fenon r, : o] Lxp e ent e proved
to be wt hout@%rﬂr%%%%égé?o?ﬁﬁ%&%&?@ﬁrﬁ@%e%ggﬁggt Fléez) b %oga\%l??gl

conpl et el y pévicolpeticr )fomaheons| dshonekeeriateritg abew? dVAR§SES t he

present 10 idfby,?'lteit@@_ el Qe PDVS is between 20 and 40% by weight A
concentration of polydi nethylsiloxane of 20 to 40 by weight ensures a | ow
C:!| danage, o |19 i pEEsppmeric material according to the present

10 invention silicone PDMS is between 20 and 40% by
weight . _ ' ,
2 concentration of polydimethylsiloxane of 20 to 40%
by weight ensures a low cell damage, a low inflamma-
tory reaction and a higher stability. On the other
15 hand, too high a concentration of polydime_thylsilox—'
ane, for instance above 60% by weight, causzes a cell
damage. —
In practice, the invéstigations‘ carried out on the
elastomeric material according to the present inven-
20 tion have shown that silicone PDMS has such a protec-
tive effect towards polyvirethane that it protects t-lhe

@ latter from biodegradation.



tory reaction and a higher stability. On the other 15 hand, too high a
concentration of polydinethylsilox- ane, for instance above 60% by wei ght,
causes a cell damage. In practice, the investigations carried out on the
el.astonmeric material according to the present inven- 20 tion have shown that
silicone PDVS has such a protec tive effe€t towards' polyurethane that it
protects the AW- latter from bi odegradation. -18- CLAIMS 1. Process for
preparing an el astoneric material conprising a step in which a

pol yet herurethane is reacted with a p6LyBhsret hyl sil oxane havi ng four

term nal acetoxy groups, two for each termnal chain portion, in presence
of a solvent at a tenperature conprised from78 to 88 C in oxygen free

at nosphere.l. 2. Process faccordbayine & atyastomepiphingheskdd ¢waatisongi 8

carried out_jin nitrogen.atnmspher . Pro ccqrding t laim.l or_2, in
ohi ch said Pehti on ORRigh e ] 8§%Y%%¥eré‘r%§§$%% oRe] Medd e & Mk
Process accesldidigietbyld HidraBie havivhg clowaitdrneagl ioretioxy gavtuped touwt £hor a

period of 4 tQ 6 hours.. 5. Process according to claiml, in ich the
Dol vent i s St KEGHU BT VonoTE Lt anylr JrRERER di Bixafe BHYePFoctesa

accordi ng t@pglediafute Edmphiseh sabd ienResat W Qni sxy§oRPrisedchbophd to 84
C. 7. Process according to claim1, in which the concentration of said
pol ydi met hyl sil oxane in the reaction is conprised from20 to 400 by weight.

8. Process accorghdi@sko Ldiridg ith Wigh the cONGeNER akkod ireaceosprised
from30 to 40% by weight. 9. Process according to claim8, in which said
pol ydi met hy¢&iqi6Lafet i 51 dHETEACRNBHEP PBIYEi- met hyl si | oxanes having a
viscosity of 300 to 400 cps; a nol ecul ar wei ght of 5000 to

3. Procegs according to claim 1 or 2, in which said reaction

ig carried out for a period of 1 to 12 hours.

4. Process according to c¢laim 3, in which said reaction is

carried out for a period of 4 to 6 hours.

5. Procegs according to claim 1, in which the solvent ig a

mixture of zolvents tetrahydrofurane/dioxane.

6. Process according to claim 1, in which said temperature isg

comprised from 80 to 84 °C.

7. Procesgs according to claim 1, in which the concentration of
said polydimethylsiloxane in the reaction is comprised from 20 to

40% by weight.

8. Process according to claim 7, in which the concentration is

comprised from 30 to 40% by weight.

9. Process according to claim 8, in which gaid
polydimethylsiloxane is chosen among polydimethylsiloxanes having
a viscosity of 300 to 400 cps; a molecular weight of 5000 to

50000 Dalton; reticulation time of 4 to 8 hours (based on pure



50000 Dalton; reticulation tinme of 4 to 8 hours (based on pure -19-
conpound); an elongation greater than 150 (based on pure conpound) and a
Shore A hardness greater than 8. 10. Process according to claiml1, in which
said polyetherurethane is chosen anong pol yet herurethanes having viscosity
of 600 to 900 cps, a nol ecul ar wei ght of-1P6000 to 200000 Dalton and a Shore
A hardness greater than 80. 11. Elastoneric nmaterial obtained froma process
according to one or nore of the clains 1 to 10. 12. Use of the nmateri al
accordi ng t covbaimd)ll fagr plepartinp vaASetkar duwts Ml h (Peseddi anetpuss
smal | -di ameter v ular, _d |1+~ di r._ya I grafts, valve
prostheses,cogg?%$@v§§€U a?ﬁéé%éﬁggfdg %§E§&§%f¥vgﬁ%%a%Tostheses. 13. Use of
the material according to claim1l1l for preparing a coating for netal

stents, vasqyl ar jprostheses il polyester apd,igbdopinal jpets ify  gaiq

pol ypr opyl ene.

polyetherurethane is chosen among polyetherurethanes having
vigcosity of 600 to 900 cps, a molecular weight of 10000 to
200000 Dalton and a Shore A hardness greater than 80.

11. Elastomeric material cbtained from a process according to

one or more of the claimg 1 to 10.

12. Use of the material according to claim 11 for preparing
vascular ducts with microdiameters, gmall-diameter vascular
ducts, small -diameter vascular grafts, valve prostheses,

cardiovascular patches, sheets for valve prostheses.

13. Use of the material according to claim 11 for preparing a
coating for metal stents, wvascular prostheses in polyester and

abdominal nets in polypropylene.



