<. ] ke3eMXIX6TX8F! 14 MAY 2003 _ RADI OPAQUE POLYMER BLEND BACKGROUND OF
THE | NVENTI ON The invention relates generally to nedical inplants ag? FPh 3
particularly to nedical inplants including tubing for use in cathet g
‘Stents, and ot her devices. Background of the Invention In certain nedical
procedures, nE#fcal inplants are placed into the body. These inplants

i nclude catheters jnserted into body passages, vessels, or cavities for
passi ng mwgnm&mm&uwa ing fluids, maki ng exam nations, etc. A stent is a
second t | i npl ant used to Thintain an orifice or cavity during

skin graftingor to provide su ort for the |unmen_of tubular structures,
for exanple, during or afteﬂbﬁg QRAQWEBOLYMER BLEND cr al [y desirabl e t hat

e ca lﬁlllllﬂ o | comt o e bt Dinbed by X 18y oxai nat i on

can be detecteguen addition 1t 1S advantageous tnat such medical inplants
be optically t=ansparent so that a flow of fluid therethrough may be
observedri dbAYyof ubHEarngbApEen- . edi cal inplants, such as catheters and
stents include tubing that 1s made froma pol yner base. The polyners are
chosen such that they can be formed into 14 MAY 2003 -2 tubul ar shapes
that are, parTheuiavbytiqnthelease génendhdyete, meldéxdalll e mpiemgls tamdbe
routed or snaked) to a location in the body. In the case of a peripherally
i nsert edne®dt Partéarhardy, tpomedianpl empihetsubnﬁ@u@fmmécmtf@r iuse
routed or snaked, in one instance) through a vein in a patient's arm or
neck to HheCaERBEREE: v§F§§t§avénéf°Fhérp EV&RESs heart. The tubing nmust be
fl exi bl e enough to be routed in this manner w thout causing trauma to the
patient._The pol r chpsen as the nedical inplant should al so have
sufficie5EEESEBHégE—ﬁhég-#éﬂﬁﬁaﬁﬁﬁﬁo tubi ng so that the tubing does not
coll apse in a passageway or orifice. still further, the tubing should be

aceured.  PolyiPcPRENe Bana sary rapct ARkl AR AT HobiRaT e 1

placed into the body. These implants include catheters

inserted into body passages, vessels, or cavities for passing
fluids, draining fluids, making examinations, etc. A stent is
a second type of medical implant used to maintain an orifice
or cavity during skin grafting or to provide support for the
lumen of tubular structures, for example, during or after an

anastomosis.

It is generally desirable that medical implants, such as
catheters and stents be radiographically opaque such that
their precise location within the host bodyv by X-ray
examination can »e detec:z=d. In addition, it 1s advantageous
that such medical implants be optically transparent so that a

flow of fluid therethrough may be observed.

Many tubular-shaped medical implants, such as catheters
and stents include tubing that is made from a polymer base.

The polymers are chosen such that they can e formed into



‘medi cal inplant polyners. In general, thernoplastic polyurethanes 61{42”” K
condensati on products of reactions between | diisocyanate (isocyana
conmpounds having a Functionality of two) and soft-bl ock polyols.

" Typi cal |y, polyurethanes of diisocyanates and polyols are conbined with

| ow nol ecul ar wei ght aliphatic viols) and aliphatic diols having aromatic
resi dues as "chain extenders" to inpart the useful properties of
flexibility, strength, and kink resistance. Low nol ecul ar wei ght diols

i ncl ude butane diol, pentane diol) hexane diol, heptane viol, benzene

di et hanol , hydroqui none di et hanol, and ethyl ene glycol. The diisocyanates
may alternatively be conbi ned wi sh di am nes, 14 MAY 2003 -3 such as

et hyl ene witariare, sHagenechitanane) peopianel it A ire, tleé ccaskoofor m a cl ass of
pol yur et hanes known as pol yur et haneureas. An added feature of these

pol yur et hratdss tém| Udieagi i yenaidiancurisassoutsed hat saakeder tor ast ent
tubing formed fromthese materials is typically optically transparent

maki ng t Heas@ toigdry rigy  the rbady. extrl thatcasepolinmispénirhedaddly imskeated.
Unfortunately, however, these polyurethanes are not radi opaque. Radi opaque
medi cal iGRItERL Aldieter caitretexamplec| the Mgk ophgtkepspiteseranss,
have been devel oped. These radi opaque pol%ner structures are generally of

two fornEECUESSF 1 FHHRDT FRAIPRPatRRt PTG et T ARIR pdr ¥BER AT & | er such as

bari um sul f at e‘:ﬁ(jBaSO4 , _bismuth suﬁ%arbonate or_certain mit S such as
tungst en R SThe® 371 7™ &%dﬁ% & POPTHE?T WERi F8VPaGTo ty.
unfortunalflyendne dddier abeg Lonssy (9. IBKE, heapobyeL Aon:! rangparent . A
second f 7T or F ad opaque polymner Heef Ul I n°Fedr ¢a |rrpFant such -as

t het i - chali i | Ve tri
Exanpl oo 5 TRAoR (iEEs Tl O THELROLE (0h0s By PELRIma LG hR RMoiSRHe LT

4,122, S44m5 J3T,ridD: cibglrk 40cR8Inedheapr Sho1ERd BAbOYEN a1 e patents

is bromne ( . Polyners incorporating a brom natedchain extender into
the pol yn®is fpEidnt 0RLERGEN ¥hehdfarhed REtbhebbifigh 8di epatue N dubing
optically transparent. 14 MAY 2003 -4 In order to inpart useful

radi opaqueo®s opet teceblapbe bhAl agpastedewdgi orextrtided . polspia), Riradhers a
brom ne-chai n extended pol yner, nmust have a m ni nrum anount of hal ogen (e.
g., bronm k¢ tobimpashouddi bparktystentheopotympingErpekiimkirad =i uthags
show t hat the m ni num anount of brom ne, for exanple) in a

pol yur et haneohhirdwows| passagewhy| igsasauneder tubing, is approxi mately 15
percent. Amounts less than this tend to nake the tubing | ess detectable by
X-ray. A second problem w th hal ogenat ed-chai n extended polyners_is the
mexi num amount PBEW\E?BG%HEfﬁéﬁeéaﬁ%é’mleﬁéolaﬁﬁr &t BARPARS ISR ViRT i s

limted Experi | studies_h h h | having, f e,
2 br o ne"RONCER AP} BRE gPELYBE “Enan L80SFEFERR STETEBIATTIC for use As A

dical i h .ubi g, i . i apacity of
edi ca I??@%%ﬁ?#éﬁsgér?hg%gg‘%tg#p‘l E%odﬁ%%r %'L”Q.Je\évqné:lfb%é 3l rﬁg{‘eq y o0

the tubin € "anount bromne or "ot her hal ogen may be

i ncor por aE?Qs%FgQHQtQO|(XEEgV;%;tieX cHrRAadegRadicng the propesiies of the

t ubi ng -ac= m such a
two) and soft-block polyols.

Typically, polyurethanes of diisocyanates and polyols are
combined with low molecular weight aliphazic diols, and
aliphatic diols having aromatic residues as "“chain extenders”
to impart the useful properties of flexibility, strength, and
kink resistance. Low molecular weight diols include butane
diocl, pentane diol, hexane diol, heptane ciol, benzene
dimethanol, hydroquinone diethanol, and ethzylene glycol. The

diisocyanates may alternatively be combined with diamines,



-As noted above, certain hal ogenat ed-gai n extended pol yners offer noth

=adi opaci _y and optical transparency..However) in order to maintai %@S

superior properties denonstrated by conventional thernoplastic polgé HQWE

wi t h non- hal ogenat ed chai n extenders, the amount of hal ogen nust be

strictly limted. It would be desirable, in certain instances) to have a

hal ogenat ed- chai n extended polymer with a radi opaque property that is not

limted by the anmount of 14 MAY 2003 -s hal ogen that is incorporated into

the polyner matrix. What is needed is a- ﬁalogenated pol ymer, such as a

hal ogenat ed pol yuret hane, that can nmaxi m ze the anmount of hal ogenated chain

ext ender wi thout negatively affecting t he physical characteristics of the

nmedi cal ant_. MVARY. OF TAE | NVENTI ON,A_nedi cal

i mpl ant éggh &s §9§§ﬁhﬂfe %ﬂi H% AT FLYPHFT: BTOBIAE  ILABERS i s

di scl ose In qne odi d_of a conbination of
gt ﬁﬂgmg %§%§ﬁ%fﬁ?#ﬁ?ﬁﬁgg%#%nggngﬁ$ég 8

t wo polyners e TiIrst pol irsocyanate, a polyol, and a

first ch :Qﬁkﬁﬁﬂﬁf \aish r ragi hqut 30
per cent g& wel ght ofu?%E f?r2¥pp ymsrie ePéeg%n eg%eﬁef§ﬂggﬁga§r%ﬁlne

concent r 3hicamdi8]f JdiRratineld 264 cond . cﬁse%gtﬁgt&@ &Pestaﬁ%mc'u@lnga

sui tabl e nedlcal I npl ant can be for med by conbi ning the brom ne-chain

ext ended fpaimeters mint thkseamiaaier ifl Otiercpel ¥aRIG bptiBEDIPOERLEA spselenl
properties, including transparency and radiopacity, into the conposition.

| n anot hemakdmypdilnesd pdliyenein mettmicdesreexaalll the sempodnds! foer mddE cal

di i socyanat e- based pol yuret hanes bl ended in an i anount such that the
overal | Brgiliare condbpioraurnatalfy + Heowedecal thepkaptlintiesthianlkisn axtee oange
of "approxi mately 15-30 percent and, preferably, 15-24 percent. This may be
achi eved nadiqmasdg ng for exanple, a first polymer 'paving a brom ne
concentration greater than 30 percent and a second pol yner having a

negli gi bl e bronlne concentratlon naratio of about 70 percent first

pol ymer to abtﬁﬁ RPABIE SR ’@onﬁ“‘b’cﬁ?ﬁﬁrsuFH Bﬁecéﬁié&ﬁrst héRchsHfDn
seeks to utilize the enefl stone pr.opectie
T nar SR e R T eEol BRPRIOPERL bIPRSS, i nk

i st t f t t
et oot ab 2R o giie: S w# hgf‘so%%%g.r? TRePE B aq(égs'—% SR
combi ni nge ol ”Féf‘m'é‘%e | np’?d;ér}?ﬁ Q?d 1hEoE%%r'a@\é‘§”%‘ @314 4 osr she

r adi opaqse polyner I nvention Is not restricte

physi cal )phephcahifa0d nEeaEni, c%d&(@d@ergwéa@ﬁ@ﬁ@y@d &Y ééP%){nUS' ng, for
exanpl e, a brom ne

metals such as tungsten (W). The filler provides the polymer

with its radiopacity. Unfortunately, the filler also tends to

make the polymer non-transparent.

A second Izrm of radiopaque polymer useiul in medical
implants such as catheters incorporates a halogenated-chain
extender into the polymer matrix. Examples of these tvpes of
polymers are described in U.S. Patent Nos. 4,722,344;
§,177,170; and :,346,981. The preferred halogen in these
patents is bromine (Br). Polymers incorporating a brominated-
chain extender into the polymer matrix generally yield a

tubing that is radiopaque anc optically transparent.



‘chai n extended pol yurethane as in the prior art. Additional features,

enbodi nents, and benefits will becone .apparent fromthe figures, gg$§#$gﬂm
description, and clains set forth bel ow. 14 MAY 2003 BRI EF DES

OF THE DRAW NGS The features, aspects, and advantages of the invention wll
beconme nore thoroughly apparent fromthe follow ng detail ed description,
appended cl ai ns, and acconpanying drawings in which: ' Figure 1 is a flow
chart of a blending process in making a nedical inplant according to an
enbodi mrent of the invention. Figure 2 is4 flow chart of a co-extrusion
process in making a nedical inplant according to an enbodi nent of the

I nventi on. 14 MAY 2003 |
In order to impart useful radiopaque properties, the
halogenated-chain extended polymer, such as a bromine-chain
extended polymer, must have a minimum amount of halogen (e.g.,
bromine) to impart radiopacity to the polymer. Experimental
studies show that the minimum amount of bromine, for example,
in a polyurethane-based polymer useful as catheter tubing, is

approximately 15 percent. Amounts less than this tend to make

the tubing less detectable by X-ray.

A second problem with halogenated-chain extended polymers
is the maximum amount of halodgen that can be incorporated into
the polymer is limited. Experimental studies have shown that
polymers having, for example, a bromine concentration greater
than 30 percent are too stiff for use as a medical implant,
such as a catheter tubing. Accordingly, the radiopacity of
the tubing is limited by the amount of bromine or other
halogen that may be incorporated in the polymer matrix without
degrading the proner:zies of the tubing maces from such a

polymer.

As noted above, certain halogenated-cnain extended
polymers offer tZoth radiopaci:ty and optical transparency.
However, in order to maintain the superior properties
demonstrated by conventional thermoplastic polyurethane with
non-halogenated chain extenders, the amount of halogen must be
strictly limited. It would be desirable, in certain
instances, to have a halogenated-chain extended polymer with a

radiopaque property that is not limited by the amount of



-9 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention relates to a nedica
‘inplant, including the tubing or cannula of a catheter, stent, vascul ar
graft, or sinilar device. The medical inplant is conprised of a zit&MAY 2003
pol ymer and a second pol yner conbi ned such as by an extrusion or
co-extrusion nethod. In one enbodinent, the first polyner is a

hal ogenat ed- chai n ext ended pol yurethane. In this manner, the first pol yner
conprises a diisocyanate, a polyol, andzafirst chai n extender having, for
exanpl e, a brom ne concentration greater ‘than about 30 percent. The second
pol yner has a hal ogen (e. g., brom ne) concentration |ess than about 10
percent. I n one enbodi nent, the second polyner is also a polyurethane-based

pol ymer pfiod&h €XAFPLs 2ndbkpeexend! entd RAlkY Plolyafit anseeoRd gt is
exten~_= having a chemcally _nsignificant amount "of brom::e. T_t .s to be

appreci apegaédal sohhBa1Bgbnated pollheradductelays P KPRsdéwst ey be
substituted =or the polylL=et.”. a.”. e base of ei=per =he _=st or second pol
~~ar or poehpunethaheh thatf cast maxisd¢eendheolayrinyso vihdldbeetatée® evi dent
from;.he =script_ont'.:~at follows. In one enbodinment, the first pol ~~e=
.S a poighairt danenderpwishogtandgasdvedyatd fextpiolgathe gpldyaicata: . @ ~

ext ender having a brom ne concentration greater t~:an about 30 percent. In
prior arthavapvertistnss pife thveomediicad dopl@nt /. t=anon in the pol yner was
cypically less than about 30 ~ercer.t by weight of the polyner to maintain
sui t abl e physi cal p=ope=ties. The 14 MAY 2D03 -10 first polymer of the

i nvention, however, utilizes a chain extender having a brom ne
concentration greater than about 30 percent by weight of the first polyner.
The invention contenplates that the first polynmer may contain up to the
stoichionetrically all owabl e anount of brom ne. The brom nated chain
extender is preferably used in an anount that will maxim ze the radiopacity
of the conposition. Suitable brom ne-chain extenders according to the
invention include, but are not limted to, brom nated

bi sphenol - A-di et hanol , brom nated hydroqui none di et hanol, brom nated
benzene di nethanol, bro:.iinated bi phenyl oxydi ethanol, and other aromatic
bromr.~Led chain extenders, preferably with a popul ation of ~~proximately
four brom ne a=o0;as per nolecule on the aromatic ri::g. The first polynmer
that is, for exanple, a polyurethane is prepared by any of the several

nmet hods tnown =n the art, including but not '-invited to the "one-=:~e;."
process, the "prepolynmer" process, and the "sem -prepol;;.,er" process. One
exanple of a preparation process is the "o.”.e-s=pot" process where the
socya.-.a te-react i v a conponent s, ' _:~c¢' .:ding the pe=;rpl and the
hal oger. a~ed-chain extender, as ;:el_ as any additives, including optic”al

catal ysts are conbi::=d ' _nto a prem x. Suitable catalysts include, but are
not li:r:ited to, organic netal conpounds, such as organic tin cc-:pou:~ds
(di;octyl tin mercaptide, tin ;.l) acetate, etc.) anc teritiary am nes such

as triethylam ne. The diisocyanate co".~ou::~ is then conbi ned



- 14 MAY Z003 -11 with the prem x to make the first polyner. A solid
conposition is rorned that is then ground and pelletized accordi ng{t ¢Akriein
techni ques. I n one enbodi nent, the second polyner is selected based
primarily on its physical and chenical properties. In the case where the
second polymer is a polyurethane, for exanple, the second poly~:.er
i ncludes preferably a diisocyanate, a polyol, and a chain extender. The
chain extender is, for exanple, a lowr._ ol ecular weight diol including,
but not limted to, ethylene glycol, prﬁ%?lene gl ycol, butane diol, pentane
di ol , hexane diol, heptane diol, and benzene dinethanol,
hyd=~qui none. di et hanol, and isoners of the sane. A chain extender that is a
di am ne, such as ethyl ene diam ne, propane diamne, etc., nmay al so be
utilized. A polyuret!:ane sughndsr¥cSHF e second polyner is
generally opt' _cally transp : »as superior physica_
properties, includi:~g flexibil-ty or flexural streng-::, and a resistance
to kinki-:g. } Re@R€atMBRglanteucH & %?Mél@ﬁﬁ”@'be&@,cbr@s?c@lar

of a

pol yur et hane as described, also _..”.cludes a snmall anou::

hal ogenagedfehaik. cexeendmpladit Krs-piingidedmun dfe hahogenaéed- chiad n
extender less t'~an about .0 percent, the physical properties noted are
gener al | ympone 'iectefpriskd MEY £ (008 itiktHanpife thvd heoXyhdésv ngrhe
represents one exanple of a conposition of a nedical inplant such as

cat het er fiusitngpodyverdiing Lugiesn s nbiodiomranaife .t e padent i ond Rol §imest A (100
cLsanpl e) Anount Pol ytetranethyl ene ether glycol (PTMEG 11.4 ¢

comer ci ghiajinaexitieadler hagmhnd 12 RrAvme (OMEIRat PICH T ALY | Bhar on,

Del awar e Tetrabronobi s- phenol - A-di et hanol (TBA-2) 62.2 g conmerci al

avai | abl @éPPugm3G pesceRtTedh it fieChithdniigest Rt ymeshr ol The secon

D phenyl et hane dii socyanate (~: D) 26.4 coomerc;ally available from
Say=r | ntpé’rlmrogﬁs &éﬁ%e DA% ‘i’&'i'lr%tf“g@?t]tesﬁur'&?‘la,n PRy | 48ni a The
first polp)ér}__ecrenctont 34 ns .50%

ccording tgﬁﬁﬁé'iﬁ%éﬁ%£§hng§gﬁitable medical
implant can be formed by combining the bromine-chain extended
polymer with a variety of other polymers to incorporate useful

properties, including transparency and radiopacity, into the

composition.

In another embodiment, the first polymer and the second
polymer are diisocyanate-based polyurethanes blended in an
amount such that the overall bromine concentration of the
medical implant lies within the range of approximately 15-30
percent and, preferably, 15-24 percent. This may be achieved
by combining, for example, a first polymer having a bromine
concentration greater than 30 percent and a second polymer
having a negligible bromine concentration in a ratio of about

70 percent first polymer to about 30 percent second polymer.

In one aspect, the invention seeks to utilize the
beneficial elastomeric properties of a non-halogenated-chain

extended polymer, including flexibility, kink resistance,



Pol ymer B PELLET!-: ANE=', a thernoplastic pc_~_ , ~~~=at h~ane el astoner
comercial =y available frc:~ E.=. duPont de "emours & Co. of 17iljuq%h0ﬁ
Del aware. (PELLET:i ANr=r' does not contain b=c:-. :~e.) In one 03
enbodi : ne. . t) the conmpos~~ien c= =".”. e invention is prepared by conbi ning
the first polymer ~:i:.:~ the second polyner. Figure 1 s:zows a flowhart
of c:.e process of the invention. According to Figure |I,.in step 100, a
first polyner, such as the polyurethane d>scrib=d in the above exanple as
polymer A (i.e., a polyurethane of diisoﬁpanate, a 14 MaY 2003 -13

pol yol, and a chain extender having a brom ne concentration greater than 30
percent of the weight of the polyner) is prepared according to known

Lochni duesee | GLER LAY, ~3088°0Po0PLYTBE SUGD. B8.L0S, PECEETY

1 pl
pol yners described in the a ove e as po §C§ag &ni ne

concentr atdvdll & €68 bHham: abods A&Qefﬁénéongféhﬁﬁ?oﬂr eRaL gBFEYr tesggpo' yners
extr

are conbined in step 120, such as for exa

appar at ugorgsithiher peliveext indede i RasShep ééQckQEQdalﬁ' Rgle ; ARRALILYS S SUCh
as a nedical inplant including, but not imted to, a cathe er ub|n

ot her i nflcamt abl eadevpacae hpblymyr perHet eabeanbY oX- kRY. i EYaARL SN2 1£h%ot
follow ng represents various blerdirg ratios of the first and second

pol yner s nsfs Bxanped toaccerdhygital f hehgnbcass dadcmebddnWckh reference co
Figure 1 and the acco anylng text. Fornmu_~ation 2 3 FIrSt pAVm 70 60 50
48 SeCOn®*PRFIt @S aghigved(bp2s Sl Broning, 22ot9ekamale5. 2 bromine-

chain extended polyurethane as in the prior art.

Additional features, embodiments, and benefits will

become apparent from the figures, detailed description, and

claims set forth below.



-Experinental studies have shown tha~ ~::e elastoneric property,
particularly the kink resistance, is inproved for Fornul ations 2, B, MY 2003
above, in particular, ="en a nedical inplant nade of the first polyner

only. 14 MAY 2003 -14 Figure 2 s”ows a schematic of a co-extrusion
process to forma nedical _nplant according to a second enbodi nent of the
invention. In =:~e co-extrusion process of Figure 2, a first polynmer, such

as the polymer A described in Exanple 1, (step 200) is extrudes along with
a simlar extrusion of the second pol yngf “such as the pol yner B descri bed
in Exanple 2, (step 210) in a conver.=Tonal co-extrusion process (step
220). The resulting nedica_inplant is a |layered structure, such as the

| ayered tubing shown in Figure 2. It is to be appreciated that the

| ocatic:~ of polyner Ag@srifepdtipd e or STEPipMn@sd the desired

~0-extrusi on process nay TEVErsSe the tayers. 1hne preced_::g detail ed

description focused on the conbination of .:;o0 polyners. It is to be
appreci ated tid st bieopl appbyts, - 84S Savaddhgbyest ok tblentBbher, may
be conbined with t::~ two polyners to, in certain instances, further

enhance wEl opsid imsrof thbeoughl yredpeoeposttoanthacifediley iagrec’ _~al

i npl ant. For exanple, the pol yurethane can be bl ended ~_th other nedical
gr ade podigtmer sed uddis @asipol grt heppandekd, cbalyet hend=ateompamnd ing

non- ur et hane- based thernopl astic e_=stonmers. In the prey=ding detai ?ed
descri ptdoayindge imvehicbn is described with =~ference to specific
enbodi nents thereof. It wll, however, ~= evident that various
modi fi cati ons_and changes may be -ode thereto w thout departing fromthe
br oader spiri¥igpEestopd BffKﬁE Fhaet ~-pfon BiICBELNEOPIRGEFS HE dadiifg
-15 The specification_and drawi ngs are, accordingly, to be 14 MAY 2003
regardedai%ﬁ%hc?flh@PiaPFvécFSFHngtﬁanaa F@é???%?%&ecék - LDVERYRON 2003
- 16 1. A nedical inplant conprising at |east:

Figure 2 is a flow chart of a co-extrusion process in
making a medical implant according to an embodiment of the

invention.



‘a first polymer being a reaction product of a diisocyanate, a polyol, and 5
“a fixst chain extender, said first chain extender having a brom ne 14 MAY 2003
concentration; and a second pol yner being a reaction product of
di i socyanate, a polyol, and 10 a second chain extezider, wherein said first
pol ymer has a brom ne concentration greater than about 30% by wei ght and
sai d second pol yner has a brom ne concentration of fromO to about 10% by
weight. . 2. The nedical inplant of claigll, wherein the second pol ynmer has
a chem calfly 15 insignificant anmount of "bBbrom ne. 3. The nedical inplant of
claizn 1 or 2 conpz-ising about 70%first polynmer and about 30% second
polynmer. 4. The nedical inplant of claim | or 2 further conprising a third
polymer that is a polycarbonate, polyurethaneurea, oz' polyamde. 20 5. The
medi cal inplant of cliTRiLerR pBs@RIBTIE! 6k NrikeresRPdoghai n extender is
selected fi-ozn the group consrsting of am af kyt—oror;, ethyl ene glycol, and
phenyl di znethanol. G The nedical inplant of any one of clains 1 to 5
wherein the fTletishehtient eadetesstbr anmednaked ibipsphenolinddidikatdle 25
7. The nedical inplant of any one of clainms 1 to 4 wherein the second chain
ext endert iy i sescanbubail ndt edecabheneext sndar, Sas&ullanbigragtcomy i si ng at
least: ' a first polyner being a reaction product of a diisocyanate, 30 a
pol yol , simibafidsvichai nThrt madéralsamplintst sclcamp réxeenddr shaldiarsf a
brom ne concentration; and a second pol yner being a reaction product of
polymer and a second polymer combined such as by an extrusion

or co-extrusion method. 1In one embodiment, the first polymer
is a halogenated-chain extended polyurethane. In this manner,
the first pclymer comprises a diisocyanate, a polyol, and a
first chain extender having, for example, a bromine
concentration greater than about 30 percent. The szcond
polymer has a halogen (e.g., bromine) concentration less than
about 10 percent. In one embodiment, the second o:zlymer is
also a polyurethane-based polymer of, for example, a
diisocyanate, a polyol, and a second chain extenda2r having a
chemically Zinsignificant amount of bromins. It -s <o be
appreciated that other polymers that add useful properties may
be substituted Zor the polyuretnans base 2f =2iznesr the first
or second polymer or combined with the first or second polymer

as will beccme evident from the description thzt follows.

In one embodiment, the first colymer 15 a polyurethane
comprising & diisocyanate, a polyol, and a chain extender
having a bromine concentration greater than about 30 percent.
In prior art compositions, the oromine ccncentration in the
polymer was typically less than about 30 carcent by weight of

the polymer tTo maintain suizabls vhysical properties. The



14 MAY 2003 -17 a diisocyanate, a polyol, and a second chain extender,
wherein said first polyn%r has a brom ne concentration greater.thag#%ﬂ$3m$b
30% by wei ght and said second polyner has a bronine concentration

to 10% by wei ght. 9. The tubing of claim8, wherein the second polyner has
a chemcally insignificant amount of brom ne. 10. The tubing of claim$8
conprising about 70%first polynmer and about 30% second polymer. 11. The
tubing of claim8 further conprising a tgh{d polymer that is a aim e
pol ycar bonat e, pol yuret haneurea, or poly 12. The tubing of claimS§,
10 or 11 wherein the second chain extender is selected fromthe group
consisting of an alkyl diol, ethylene glycol, and phenyl din Methanol. 13.

The tubi ngi ot e off o ei e_first chain
ex?engelr n?.s br ?rﬁmnat edQ{ol sg%en%(;l&n%% a&%"fw’ %EQ%USFnG 6f34Ry one of

| 8,e xXit0: rad ﬂhahfhefoelantiﬂ&n&%?%&ﬂ%fh%r? Eh3RS
grghrﬁat;a chaf; extender. . A &' ?. AR A&N- . &ﬂﬁi ggEP k? Egoﬂt éo

A L. AL, pRSceAt. A3r .weight of the flrst The i ion
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a] ca] ca] cEjriEmmlatred ddiacaltde e qRal wed € addy- oA iA+3p4t8 Ehe
stoichiometrically allowable amount of bromine. The
brominated chain extender is preferably used in an amount that
will maximize the radiopacity of the composition. Suitable
bromine-chain extenders according to the invention include,
but are not limited to, brominated bisphenol-A-diethanol,
brominated hydroquincne diethanol, brominated benzene
dimethanol, brominated biphenyl oxydiethanol, and other
aromatic bromirnzted chain extenders, preferably with a

population of zzproximately four bromire atoms per moleculzs on

the aromatic ring.

The first colymer that is, for example, a polyurethane is
prepared by any 5 the several methods xnown ina the art,
including but nz: limited to the “one-sho:z” orocess, the
‘prepolymer” prczess, and the “seﬁi—prepolymer" process. One
example of a precaration process is the “one-shot” process
where the isocyznzte-reactive compenents, ZIncluding the pelvol
and the halogerztesd-chain extender, as wel> as any additives,
including opticnal catalysts are combired into a premix.
Suitable catalysts include, but are not limited to, organic
metal compounds, such as organic tin ccmpounds (dioctyl tin
mercaptide, tin {II) acetate, etc.) ancd teritiary amines such

as triethylamine. The diisocyanate corzound is then combined
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with the premix to make the first polymer. A solid
composition is Zformed that is then ground and pelletized

according to known techniques.

In one embodiment, the second polymer is selected based
primarily on its physical and chemical properties. 1In the
case where the second polymer is a polyurethane, for example,
the second polymer includes preferably a diisocyanate, a
polyol, and a chain extender. The chain extender is, for
example, a low rolecular weight diol including, but not
limited to, ethylene glycol, propylene glycol, butane diol,
pentane diol, hexane diol, heptane diol, and benzene
dimethanol, hydrcquinone.diethanol, and isomers of the same.
A chain extender that is a diamine, such as ethylene diamine,

propane diamine, etc., may also be utilized.

A polyurethane such as described for the second polymer
is generally optically transparent. The polyurethane has
superior physiczl properties, including flexibility or
flexural streng:=-, and a resistance to kinking. In one
embodiment, the sescond polymer, such as a polyurethane as
described, also includes a small amount of a halogenated-chain
extendar. By keeping the amount of halogenated-chain extender

less than about 10 percent, the physical properties noted are

generally not effected.
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Diphenylmethane diisocyanate (MCI) 26.4 g
commercially available Irom 3Sayer
International Chemical Divis-.cn of
Pittsburgh, Pennsylbania

The first polymer contains 31.50% brcmine by weight.
! Polymer B

PELLETHANE™, a thermoplastic pclyurethane elastomer
commercially available from E.Z.

duPont de Nemours & Co. of Wilzington, Delaware.
(PELLETHANZ™ does not contain crcmine.)

In one embodiment, the composition ¢ the invention is
prepared by combining the first polymer with the second
polymer. Figure 1 shows a flowchart of cne process of the
invention. According to Figure 1, . .in step 100, a first

polymer, such as the polyurethane descrized in the above

example as polymer A (i.e., a polyurethane of diisocyanate, a
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polyol, and a chain extender having a bromine concentration
greater than 30 percent of the weight of the polymer) is
prepared according to known techniques. In step 110, a second
polymer such as the PELLETHANE™ polymers described in the
above example as polymer B having a bromine concentration less
than about 10 percent is also prepared. These polymers are
combined in step 120, such as for example, in a thermal
extrusion apparatus, and thermally extruded in step 130 into a
single apparatus such as a medical implant including, but not
limited to, a catheter tubing or other implantable device that

may be detected by X-ray.

Example 2

The following represents ‘variocus blending ratios of the
first and second polymers of Example 1 according to the
process described with reference to Figure 1 and the

accompanying text.

Formui.ation First Polymer Second Folvmer Wt% Bromine
il 70 30 22
2 60 40 19
3 50 50 15.8
4 48 52 15.2

Experimental studies have shown that the elastomeric
property, particularly the kink resistance, is improved for
Formulations 2, 3, 4 above, in particular, <hen a medical

implant made of the first polymer only.
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v 10A“&;gvention. In the co-extrusion process of Figure 2, a first
polymer, such as the polymer A described in Example 1, (step
200) is extruded along with a similar extrusion of the second
polymer such as the polymer B described in Example 2, (step
210) in a converntional co-extrusion process (step 220). The
resulting mediczl implant is a laYered structure, such as the
layered tubing shown in Figure 2. It is to be appreciated

that the locaticn of polymer A as the outer layer is optional

and the desired co-extrusion process may reverse the layers.

The prececding detailed Zdescription focused on the
combination of :wo polymers. It is to be appreciated that
additional poly=ers or additives, for that -matter, may be
combined with tks two polymers to, in certain instances,

‘ further enhance the properties of the ultimate composition
including a mecizal implant. For example, the polyurethane
can be blended with other medical grade polymers such as
polyether amides, polyether ester, and non-urethane-based

thermoplastic elzstomers.

In the preceding detailed description, the invention is
described with rzference to specific embodiments thereof. It
will, however, 2 evident that various modifications and
changes may be Ta2de thereto without departing from the broader

spirit and scors of the invention as set forth in the claims.
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regarded in an illustrative rather than a restrictive sense.
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MaBz[ <F 1
a diisocyanate,
a polyol, and
5 a first chain extender, said first chain extender having a bromine

10
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30

concentration; and
a second polymer being a reaction product of
a diisocyanate,
a polyol, and
a second chain externder,
wherein said first polymer has a bromine concentration greater than about 30% by
weight and said second polymer has a bromine concentration of from 0 to about 10% by
weight.
2. The medical implant of claim 1, wherein the second polymer has a chemically
insignificant amount of bromine.
3. The medical implant of claim 1 or 2 comprising about 70% first polymer and about
30% second polymer.
4, The medical implant of claim.1 or 2 further comprising a third polymer that is a

polycarbonate, polyurethaneurea, or polyamide.

5. The medical implant of claim 1, 2, 3 or 4 wherein the second chain extender is
selected
from the group consisting of an alkyl diol, ethylene glycol, and phenyl dimethanol.
6. The medical implant of any one of claims 1 to 5 wherein the first chain extender is
brominated bisphenol-A-diethanol.
7. The medical implant of any one of claims 1 to 4 wherein the second chain extender
comprises a brominated-chain extender.
8. A tubing comprising at least:
a first polymer being a reaction product of
a diisocyanate,
a polyo}, and
a first chain extender, said first chain extender having a bromine
concentration; and

a second polymer being a reaction product of



FIT10% & ()-SH10%4& () -S!'10% & ()-SH10%&' ()-S' 10% & ()-S!'!109%6& () -S

Nor mal " "Headi ng 13]c" "Headi ng 23]c" "Heading 33]c" "Heading 43]c" 14 MAY 2003
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font ?jL 0&<, ML6: OC@FJINPRTVXZ\ " bdf hj | n} L#P' Z4" <DVB9: ;
<=>?@\BCDE >!!"[#t$' J, P24569<<<=NCCDAFG 7 -

MVFGHI JKLIMNOPQRSTUVWKYZ[\ ]~ " abcdef 6Ti mes New RonmanAri al Couri er New'h Root

EntryWrdDocunent X ! "#$9&' () *+, -./0123456789: ;
<=>? @BCDEFGHI J KL MNOPQRITUNAAKX8MRG A~ abcdef ghi
a polyol, and

a second chain extender,

wherein said first polymer has a bromine concentration greater than about 30%
by weight and said second polymer has a bromine concentration of from 0 to 10% by
weight.
9. The tubing of claim 8, wherein the second polymer has a chemically insignificant
amount of bromine.
10. The tubing of claim 8 comprising about 70% first polymer and about 30% second
polymer.
11. The tubing of claim 8 further comprising a third polymer that is a polycarbonate,
polyurethaneurea, or polyamide.
12. The tubing of claim 8, 10 or 11 wherein the second chain extender is selected from
the group consisting of an alkyl diol, ethylene glycol, and phenyl dimethanol.
13. The tubing of any one of claims 8, 10 or 11 wherein the first chain extender is
brominated bisphenol-A-diethanol.
14. The tubing of any one of claims 8, 10 or 11 wherein the second chain extender

comprises a brominated-chain extender.



