; pge3eLUnLREX6Tn=K" 13 JUN 2003 ENHANCED RADI OPACI TY OF PERI PHERAL AND

" CENTRAL CATHETER TUBI NG BACﬁIW{M“mw E INVENTION Field O The | nvéatibd003
The i*nvention rel ates gener al inplants and nore particularly
to medical inplants including nediogzal tubing for catheters, stents, and

ot her devi ces. Background OF The Invention |In certain nedical procedures,
medi cal ENHIANCE DEOXALITYZWOF PERIBHERAANIR GENTBALs CATHEEERCEUBENG s
inserted into body passages, vessels, or cavities for passing fluids,

drai ning =luids, makin ; DO aiHE ANMBENTIORE a second type of

medi cal inplant used to maintain a body orifice or cavity during skin
grafting or_to provide support for tubular structures for exanple, during
or after& e |En benral |y desirable that medical inplants, such
as catheters and stets, be radiographically opaque such that their precise
| ocation within the host bod{ can be detected ' by X-ray exami nation. In
addition, it The dRVeRtdg8oaslRREE GRRETARYY cBP Mepicat beolssttiscand or

visual ly transparent sq that a_ flow of fluid therethrough nmay be observed.
Many tu%‘tﬂraer -pﬁaﬁ}&dltlﬁégycﬁf’ ‘l“%’r%#vsﬁm%{ﬁbrht%sl%]tq%’tf& é“%aétents are rade
froma poly %_S%.atgléltte%g esg&{léér’r:a;ésngr?e%%ehxgz %Vt,%aet%car. be fornmed into

t ubul ar shapes that are, pafticl in ‘atheters) flexible
enough 1o be 1 AURVHAH R
Background Of The Invention

*166166*

In certain medical procedures, medical implants are
placed into the body. These implants include cathetefs
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 a body
orifice or cavity during skin grafting or to provide support
for tubular structures, for example, during or after

anastomosis.

It is generaily desirable that medical implants, such as
catheters énd stents, be radiographicaliy opaqué such that
their precise location within the host body can be detected | )
by X-ray examination. In addition, it is advantageous that
such medical implant be optically or visually transparent so

that a flow of fluid therethrough may be observed.

Many tubular-shaped medical implants, such as catheters
and stents are made from a polymer base. Suitable polymers
are those that can be formed into tubular shapes that are,

particularly in the case of catheters, flexible enough to be



13 JUN 2003 routed or snaked to a location in the body. In the case
peripherally inserted central catheter (PICC), for exanple, the tub| duﬁﬂma
the catheter is routed or snaked, in one instance, through a veinin a
patient's armor neck to the superior vena cava of the patient's heart. The
tubi ng shoul d be flexible enough to be routed in this manner w thout
causing trauma to the patient. The pol ynmer chosen as the nedical inplant
shoul d ate@rd@ver ssi{idd ey =stibeagtbnwagnther BByl Nt @nathebiage Soc that the
| umen does not coll apse in a passageway or orifice. Still further, the

t ubi ng speriphdeaYBsiisisdritddo cehitfplnga@hekiepki(Pgcso ,t Hat axsxagalénuous
passageway i s assured. Pol yurethane-based polyners are a popul ar choice for
medi cal thel arimploherlss destmnes der rauhefobyusatkedes ipossess t he noted
beneficial properties. In general) polyurethanes are condensation products
of react ipptamee wedralahs goyaiat én( Rspayaantescampoondsehivinagtize
functionality of two) and soft-block polyols. Typically, polyurethanes are
conblnedSVP?¥FQEWV?ﬁﬁ(ﬁﬂﬂ%uoﬂmﬁh&hPa&PPEﬁaﬁlBeéFtaroﬁﬁﬁlé iog sskeult ani nes
as chalnb nd rs toi art he usefHD g ﬁertles of flexibility,

st r engt h°¢ ?ﬂ?q & TPYkProlBchRAF RBRBRE Wi&PSUFncl ude but ane

di ol d I diol, b d h
h'ySraqﬁ.eﬂ%%%l o B B aBE e B%gmégé?ﬁﬁsﬁ'ng?gd?%% e chai n

ext ender Regh e

ol yur ot Rareir pas %ﬁu. t%ﬁ&%y %%?%eég?%CFQ?EQ%ﬁnFe%S%ﬁgm nd

but anedi gpimes HPaneHidyg RS %ﬁQtPQHEamﬁﬂéﬁmiB@s ABcaQQQQa;f:@éltiHeaOf the
2 13 JUN 2003 pol yurethanes with the diol or diamne chain extenders is

that catbeieigewly S fiofeTed skiom EhesRepRt ehbakabang bMPLLR b
optically or visually transparent .-raking these polynmer matrices excell ent
conpoundses tstaredi walcrimyliagt ©r Wihiihgnadetpathawewvarintbese pol yur et hanes
are general ly not radi opaque. Radi opaque nedical inplants such as

cat het ersas$agewal rigs raafugssque Ppdvyuethanpebashdvpobswrrdesrd oped. These
radi opaque pol yner structures are generally of two forms. Afirst form of

r adi opa@@%@r@?%%ﬁ%%a& FEBLBphqRel¥YRRFEr BECBHGRERET LD cal
filler frlal i ncl ude barl sul f at.e % ? % bi smut h _subcar bonate, or
certai n RetAis® sasp‘ﬁﬁ?ggét S(ApPreer ReR +BpafuePEFFEFs are pignents

for incorporation into a polymer tube including bismth oxychloride and

her bi smut h h U.S.
N R e e e Ry
al t hough, saety o) W s & edlrl%@c%aqee (EQSCI{&H&EE Eeagauhes Wﬁgﬁﬁ&ea pO' ymer

non-transparent. A second form Of radi opaque polynmer useful i1n nedical

i npl ant sfuReOi A BiEes ¢f halogend edfehBlBcRxpbengel si.nt avbheapoyymer matri x.
Exanpl es of these types of polyners are described in U S. Patent Nos.

4,722, 34801l pdathaivds ars condifed8¥ithhéopr abeéeredakalvegghti n t hese patents
i s bromine (Br). Polyners incorporating a brom nated-chain extender 3 13
JUN 2003aiipkrtie ¢olamanatist diplgepsr dibpipes| dsachalinngxthagers to

impart the useful properties of flexibility, strength, and .
kink resistance. Low molecular weight diols include butane

diol, pentane diol, hexane diol, heptane diol, benzene

dimethanol, hydragquinone diethanol and ethylene glycol. The
addition of diamine chain extenders form a class of

polyurethanes commonly referred to as polyurethaneureas.

Suitable diamines include ethylene diamine, butanediamine,

propane diamine and pentanediamine. An added feature of the



radi opaque and optically or visually transparent. In order to inpart useful
radi opaque properties, the hal ogenated-chai n extended pol yner, sulc)g ﬂ‘f @
brom ne-chai n extended pol yner, nust have a m ni num anount of hal é (2 3
g:, bromne) to inpart radiopacity to the polyner. Experinental studies
show t hat the m ni num anount of brom ne, for exanple, in a

pol yur et hane- based pol yner useful as a catheter, is approximtely 15

per cent po ApREet igar &S switranidisi denst (@ amee haihukbaendichti ¢yl t to detect
by X-ray. A second problemw th hal ogenat ed-chai n extended polyners is the
maxi nunthsvurd tiodt s agensddiads CRsrmiRl if1ea ROkakethaitRixG alilke apel ynmer is
limted. Experinental studies have shown that polyners having, for exanple,
a br oni neptontiantorticnl gr eat eriguell 8 G ppeseartenar makdagstthkkef or use as a
medi cal inplant, such as a catheter tubing. Accordingly, the radiopacity of
t he t ubPPREYTEr |MFHTERDERIRL erumomnFoundsnifes medicedy imelantsr porated in
t he pol r matrix wthout degrading the properties of the tubing made from
such a %‘gfwa%l}ﬁot%”eéﬁﬁﬁe,t% éi%yh’ﬁeégéﬁéﬁeé-r@ha‘leﬁeéﬁﬂ-éhd@@t pol ynmers
of fer both, radi opacity and optical transparency. However, in order to

mai nt ai FPth& & Meri or properties denonstrated by conventional thernoplastic
pol yur et hane el astoner w th non-hal ogenat ed-chai n extenders, the anounts of

hal ogen mnust : ictl imie I be desirable, 4. 3.JUN 2003 in
certain i nst%%%’e@é#‘gé h%%%iéag%aﬁno%le%%%ge)g-u%ﬁafaﬁ é:ﬁtér? gfspoll?ﬁ_éPdW?h a

radi opagse; SEAREL o hledrdid, Hdld efbhy gkhg1agaunt afhrom ne that is

i ncorporated into the polymer matrix. Wiat I s needed i s a conbi nation that

can nmaxiadzepddiee rsdivenacisurafcihes idH gehevht hQUbLE RGbeasing. t he hal ogen
concentration of the polyner beyond that which would negatively effect the

physi cafixcérarfmtrerd s tras afacuee peEdneal inapkedratbs alZadibbZ808 BRI EF
SUMVARY OF THE | NVENTI ON A net hod and apparatus to provide enhanced
r adi opatiiler or pigsenter Whiniealetfdilliengmaterdedsr dokdufieekabitmt y or
stiffness. _In one enbodi ment, a nedical inplant such as a tubingis
pr oducetMEtoRER | HARPAE viRiFUsh (suhearRcaater agropagtaipomghels askch
r adi opaci fé/i ngg filler material having a radi opaque conponent.
as tungsten (W). Other radiopaque fillers are pigments for
incorporation into a polymer tube including bismuth
oxychloride and other bismuth salts such as bismuth
subnitrate and bismuthoxide (See U.S. Patent No. 3,618,614).
A drawback of the filler incorporated polymers is, although
such polymers are radiopaque, the filler tends to make the

polymer non-transparent.

A second form of radiopaque polymer useful in medical
implants incorporates a halogenated-chain extender into the
polymer matrix. Examples of these types of polymers are
described in U.S. Patent Nos. 4,722,344; 5,177,170; and
5,346,981. The preferred halogen in these patents is bromine

(Br). Polymers incorporating a brominated-chain extender



6 13 JUN 2003 BRI EF DESCRI PTION OF THE DRAWNGS Figures 1. 2, 3 and 4 are
cross sections of the tubing of alternative enbodi nents of the ir“”TEiU%nmﬂi
13 SUN 2003 DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n produci ng nedi ca

impl ants, catheters, stents, vascular grafts and the like, striking a

bal ance between radi opacity, optical transparency and the supple or

fl exi ble properties of the conposition to forman effective material is

i mpor t anintdheheepol guer neEturrix gfeneralégsiyigldne ofibthgsehpropsrties at the
potential expense of another is clear fromthe background and the prior

art, presadiongaeegandiermritcadlily at ivassialle traneparentrel ates to a

radi opaque tubing conprising a visually transparent radi opague pol yner and
a radiopaque filler material useful_ as a nedical inplant such as a
catheter, stnfR 9ASBHI B HIRARC sisefiy Fadigpae. PFRPSREE18ShoGhAENt, t he

-vi sual | ranspar ent. radi opaque pol ynmer conprjses a pol yurethane incl udi ng
a diisoc%ﬁ%ﬁ?@?gﬁe§6?§%ﬁ? %ﬁ%éﬁé%éiﬁo YBetend Fh ﬁﬁiéthB £3PAchetheen
10-30~ b i rom ne concert=anion.. _The filler material contains a

oai opan st EhdRh B e i p Gy AP CBF [ BPECYBRamit h

subcar bonatge, t 418t dal. .l n.o e ppent, the filler
naterial(?ésébn%?ﬁ§%§€}s$9t Fédioggg gc6§ y%greﬁﬁ gg?gﬁgﬁg by conbi ni ng

Filler apdoBekMEREa NG @M dLIARE, ham WHeNkR ndnbRl LAGYNEUBENGrohigEr e 1
shows a cross section of a tubing wherein the conbination of radi opague

pol yner ged é&kbhplereigrd doliyurditiRosstbasiedc pallonent Laklfult asfarmthe
tubing 20 defining the |unmen 8
catheter, is approximately 15 percent. Amounts less than

this tend to make the tubing difficult to detect by X—ray.

A second problem with halogenated-chain extended
polymers is the maximum amount of halogen that can be
incorporated into the polymer is limited. Experimental
studies have shbwn 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 radiopaéity of the tubing is limited by the
amount of bromine that may be incorporated in the polymer
matrix without degrading the properties of the tubing made

from such a polymer.

As noted above, certain halogenated-chain extended
polymers offer both radiopacity and optical transparency.
However, in order to maintain the superior properties
demonstrated by conventional thermoplastic polyurethane
elastomer with non-halogenated-chain extenders, the amounts

of halogen must be strictly limited. It would be desirable,



13 JUN 2003 30. In one enbodinment, the filler material is filler of, for
exanpl e, barium sulfate or bisnuth subcarbonate, that provides radilol¥ciiby
to the final apparatus (e. g., tubing). One way to make a medi cal inplant
such as nedical tubing is to conbine the filler as a powder wth
transparent radi opaque polynmer chips and process the conbination through a
twin screw extruder to formpellets. The pellets are then extruded

accor di ngihoceoB¥eAt i RBBANEXE | Usd QL B HAWRfedL drdRd e dRrdnsrly | npl ant
shown in Figure 1. In another enbodinent, the filler material includes

filler angopehgsrewitr. §. radhesamp q&tdpbmg} Y= han @)o aridh nit @0 peX ktheded
with an anount of visually transparent radi opaque polyner. The tubing of
Figure 1 amguht eftbudeiné rm pals/ nercqrldretted drtta g ddigmied | er
material (filled polymer) and polymer pellets containing the visually

t r anspar eM&CE&¥i opWae :p@|ry¢@ciech§|a1gz @m@hémarmm LR e meadigiee pel | ets
of the filler material, the filler . g., bariumsulfate, bismuth

subcar bon5P8, r%@&°§aﬁﬁ9yb%fdﬂH%d“EHﬁPﬁe“P&ﬁmqﬁ=%?ﬁﬁﬁ&ﬂﬂngmqﬂ¢ balpgen chi ps
and processed throu creM/ er to formthe filled polyner

pel | et s. %FF%I‘E Egﬂ?ﬁgt%e a%?s;‘é’ﬁ‘lef r‘quﬁgiaaFnt ?"&Id"f ﬁ(ﬂ’*@-&ses in

r adi opaci yner the filler rlal e
resulting£¥%%¥ggg% ?gkggnvenlgP i W%fﬁ?tﬁﬁﬁﬁﬁl%in|ca etP&ﬁ%ﬁ&ﬁency
of the poly ?ggntThls can be overcone through various enbodi nents which
provi de at Teast one wi ndow of visually transparent radi opaque polyner,

whi ch 9 13 JUN 2003 is free of filler material) co-extruded to produce an
optically or visually clear cross-sectional segnent of the tubing. Figures
2-4 illustrate various enbodi nents fornmed by conbining visually transparent
radi opaque polynmer (e. g., brom nated pol yurethane) with a filler materi al
of a filled polynmer (e. g., filled thernoplastic polyurethane and/or filled
brom nat ed pol yuret hane). Figure 2 shows a cross-section of tubing having
filler material (filled polyner) disposed throughout the tubing 20. A
visual ly transparent radi opaque polymer w ndow i s coextruded as segnent 10
allow ng for visually observing the fluid flowng within the tubing |unmen
30. In other enbodinments, nmultiple windows may be added where desired in
segnents spaced apart along the cross sectional circunference of the

tubi ng, yet extending longitudinally, parallel to the general flow
direction within the lunen. Such an exanple of nultiple w ndow conposition
is illustrated in Figure 3. Each enbodinment illustrated by Figure 2 and
Figure 3 may be co-extruded using two extruders, one extruder for the
visual ly transparent radi opaque polynmer and a second extruder for the
filler material, which, in these enbodinents, is a filled polyner. In
Figure 3, the particular extrusion nay be split to formthe nmultiple

wi ndows appearing longitudinally as stripes along the I ength of the tubing.
It is appreciated that additional enbodi nents of various w ndow 10



13 JUN 2003 dispositions are within the scope and contenpl ation of the

i nvention. Figure 4 shows an enbodi mrent ‘resulting fromco extrusion ﬁyuﬂﬂ@m
visual |y transparent radi opacrue polyner having no filler material a

filler material (filled polynmer. In Figure 4, the filler material (filled
polyner) is largely isolated and concentrated in one or nore segnents 40

di sposed with=n the other i | ear i exanpl e,

brom nat ed pol ynmer 10. V\h\g B3 A &Bk, t he segnents
40 of filler material tend to formone or nore stripes of varying size

whi ch ext end genek ahlylanghs ubDal Ly, 2100 RUTRLXERILCAL LB LULIO,

basically paral ~el ction wt

enbodi ment  afd g ;Séﬁn&é}?%ﬁilce p&é&%ﬂlﬁg qftsr a@gqeash.'% f’i‘é&u@a‘i&%&' akly
optically obstructing segnents (fi polymer) so as to all ow obServation

of fluid flogtiidesd et atidite tdbsdimdd,| @r meadcanacby agk henses: a. ents,
appearing as stripes with=a the tubing, wherein concentrated anounts of
tubing is produced comprising a visually transparent
radiopaque polymer and a radiopacifying filler material

having a radiopague component.



filler material are disposed. As with the enbodi nent of _ Figure ? a

"~ co-extrusion using two extruders with split _ extrusions may ~~rn13H NZW3
striped pattern. The visual __r transparent radi opaque pol ~:ner is prepared
according to poi _rmerization procedures known 'n the art. In certain

enbodi nents, the polyner is a brom naced pol yurethane prepared according to
met hods described in U S. Patent Nos. 5,346,981, 5,177,170 and 4, 722, 344.
ne exa_”..ple of a 11BRIE¥F JbNsRGGPmIONalre paEyUPRENINGIONDIiSes a

di i socyanate, a polyol, and a brom nated cha; ~ extender. Suitable

di i socyanates include, but are not Iim=~d to,

trans- 1, 4- cycl olfdbemred ils0@anit and mét hykere oiss sBiquieityd ¢f | sReyanBL g

and, nethyl ene bi sdi cycl ohexanedi i socyanate. Suitable polyols include gut
are not | i ®ft &dtegngsiyeeerhpgimantsanf poeyatrhsmeimeyl ycol )

et hyl enegl ycol - b- pr oyl enegl ycol - b- et hyl enegl ycol , pol yesterdi ol anc:

pol yest ercarbonate diol. Suitable brc-~inated chain extenders include, but
are not limted to, brontbisphenol A- diethanol (e. g. tetrabronobisphe: ol
A- di et hanol), brom nated hydroqui none di ethanol, brom :ated benzene

di et hanol and brom nated bi pheyl oxydi etha_~ _ol. Were the visually
transparent radi opagque polyner is a pol yurethane, the brom ne concentration
in .he polynmer is typically |less than about 30 percent by wei ghs of the

pol ymer due to the potential effect higher |levels of brom ne have on the
properties of the polymer, and pote_ " tial stoichionetric |imtations of
attaching additic:al bromne to the polyner. Suitable filler for the filler
material of the nedical inplant of the in-~ention include, but are not
limted to) bariumsulfate, certain bismuth conpounds including bisnmuth
subcar bonate and bi smuth oxychl oride, and certain netals that have

radi opaque ~=operties including tungsten. As noted above, suitable =1Ilers
may be conbined directly with the visually transparent radi opaque pol yner
(e. g.) thernoplastic 12 13 JUN 2003 pol yur et hane contai ni ng brom ne
chain extenders) to formthe tubing shown, for exanple, in Figure 1
Alternatively, suitable fillers may be conbined with a radi opague or a
nonr adi opaque polyner to forma filled polynmer. The filled polymer may then
be conbined with a visually transparent radi opaque polyner to formthe
tubi ng shown, for exanple in Figures 1-4. Suitable non-radi opague pol yners
for filler material include, but are not l[imted to, the thernoplastic

pol yur et hanes noted above with desired el astoneric properties (e. g.,

pol yur et hanes, or pol yurethaneurea) chain extended with I ow nol ecul ar

wei ght diols or diamnes respectively). Suitable radi opague pol yners

i nclude, but are not limted to, the pol yurethanes having brom nated chain
extenders such as descri bed above with reference to the visually

tra. ~sparent radi opaque polyner. In particular enbodi nents where the
visual ly transparent radi opaque polynmer is a brom nated pol yurethane and is
conbined with a filler material of filled radi opaque or nonradi opague .
pol yuret hane, a resulting medical inplant that is tubing will have a
percent filler material (i.e., filled polyurethane) of between 35~ and 655,
by wei ght. Typical weight ratios of brom nated pol yurethane to filled

pol yur et hane i ncl ude 50:50, 55:45, 60:40, 65:35. It is to appreciated that
the weight ratios will vary dependi ng on, anong ot her considerations, the
desired |l evel of radiopacity of the resulting nedical inplant and whet her
the filled polyner is formed of a radi opaque pol yner. 13




13 JUN 2003 The addition of the radiopacifying filler material (either as
filler alone with the visually transparent radi opaque pol yner ora#%guwymg
conbi'ned with a radi opaque or non-radi opaque pol yner) substantially
increases the X-ray intensity of the resulting tubing w thout affecting the
properties of the polymer. Its flexibility and other elastomeric properties
are generally preserved. Typical proportions of filler used vary dependi ng
on the particul ar tDET2 BRI N ) 2 (T VAR P8t he
percentage of filler by weight to the entire tubing is between 15 and 30~
when conbined with a pol yurethane polyner. Bariumsulfate may be utilized
in a concent £at boadotinztmedicdB-Belanis haagietdarscet@ntscoext r usi on
procedures, this nagpbe i ncreased up to 45~. Tungsten radiopacifying filler

nat er i aVapsubrd| GRREEY &Pl BiRd-ike a Feriddmdage PEIREEH PRENERTDY wei ght of

t he tubinaﬁof between 15- 25~. The precedi etaile descriptL% f ocused
on the EBHBPRAFLEH, oPPELTRS VrRATSHAT SO | SHPRILe PE FLeRioNe
appreciated that additional polyners or additives, for. that natter, may be
conb neBEGPERCERE Bl THer TP A E T | T oo P TSR oL S RCaPeain

i nstances, iﬁgégE% ?hhwgezélfeg.(‘)égmwg 25 o iR 'sfi&lgafo%ecgrfp%lﬁgkon

i ncluding a Ical i npl'ant exanpl e, pol yurethane can be conbined with

ot her ”ngﬁéktgéédﬁtp%¥@6t§er§ﬂ~m ascReldetderarFnde) iRokyekher gt er, and
non- ur et hane- based ther:toplastic el astoners. 14 13 JUN 2003 In the

precedi RgedBhakbedud@serd PthOpridie dvemredentdnde sdignigd caintth ~~zer ence
to specific enbodinents thereof. It will, however, be evident that various
nodi fi caimdratandschanges may be rade thereto wi thout departing fromthe
broader spirit and scope of the invention as set forth in the clains. The
specification and drawi ngs are, accordingly, to be regarded in an

i |l ustrativeThet havenfantarebates ciP V@ RGP LU NEUN PPE3- & M5 What
is clained is: 1. A nedical inplant conprising: a first visually

t r anspaPeNtSHad L ¥p 5GABRSHRT §ifer = 2 RPATe RIS VRS 3 FRpioBRRy St i | | er

nateria%igﬁggnga%egggaogggyglngﬂgﬂ%ggical implant such as a
céthetert stent, vascular graft or similar device. 1In one
embodiment, the --isually transparent radiopaque polymer
comprises a poly:rethane including a diisocyanate, a polyol,
and a chain extsnder, which contain between 10-30% by weight
bromine concentrztion. The filler material contains a
radiopaque agent which may be, for example, barium sulfate,

bismuth subcarbonate, tungsten or other material.

In one embodiment, the filler material is combined with
the radiopaque polymer in a tubing by combining filler and
polymer and extr:ding them within a unitary tubing. Figure
1 shows a cross saction of a tubing wherein the combination
of radiopaque polvmer and filler material is disposed

circumferentially to form the tubing 20 defining the lumen



2. The nedical inplant of claim1, wherein the second polyner is _
brom nated. 3. Tg medi cal inplant of claiml, wherein the filler Mwl A3
conprises filler selected fromthe group consisting of bariumsulfate,

bi snuth subcarbonate and tungsten. 4. The nedical inplant of claim1l
wherein the first polymer is a polyurethane. 5. The nedical inplant of
claim1l wherein the first polymer conprises a polyol. 6. The nedical

i npl ant  of3ocl aite bneher@oRikba:f i £56 PPi.Vé‘Frm%Qé‘Pf_éfe§ ap; | socvapat g
reactive brom nated chain extender. 7. The nedi ca |npfan% of clai Mm%

wher ei n t keabpde, nBacdonesul & tONod oML s BRUELHI% and-130% by wei ght
of the nmedical inplant. 8. The nedical inplant of claim1l erein the
filler mapgovahessrbdibparsuyfeas eclien fidangphaiawen aboyt, 18%:Q,45% by
wei ght of the medical inplant. 9. The nedical inplant of claim1-wherein
the fill ePngawayi &P maliopanedi cohpomdrnt Surkismuidd camp o nigh 1@ range
bet ween about 15%to _30% by weight of the medical inplant. 16 = 13 JUN
2003 10. FReCRBRIBEI thApfahtenfag|ainawbearheridim thtemdpdtert maddbbakue
radi opaque _conponent is_tungsten in a range between about 15%to 25% by
wei ght of Pf’rcﬁéém ngéPsiﬁﬁﬂiam?chE the né¢rimtl dilmpugh a twin

screw extruder to form pellets. The pellets are then

extruded according to conventional extrusion techniques to

form the medical implant shown in Figure 1. -

In another embodiment, the filler material includes
filler and polymer (e.g., thermoplastic polyurethane) and is
co-extruded with an amount of visually transparent radiopaque
polymer. ‘The tubing of Figure 1 may be extruded from
polymer pellets containing the filler material (filled
polymer) and polymer pellets containing the visually
transparent radiopaque polymer using one extruder. To make
polymer pellets of the filler material, the filler (e.g.,
barium sulfate, bismuth subcarbonate, etc.) may be added in
the form of a powder with polymer chipé and processed through -

a twin screw extruder to form the filled polymer pellets. -

While providing the advantage of substantial increases
in radiopacity, when combined with the polymer, the filler
material in the resulting tubing of the invention will tend
to limit optical transparency of the polymer. This can be
overcome through various embodiments which provide at least

one window of visually transparent radiopaque polymer, which



a first visually transparent radi opaque polyner; and a second pol yner
conprising radiopacifying filler material having a radi opaque conpg { 1
12. The tubing of claim1 |, wherein the second polymer is broniné“gﬁm %@.
The tubing of claim11l wherein the filler material conprises filler
selected fromthe group consisting of bariumsulfate, bisnmuth subcarbonate
and tungsten. 14. The tubing of claim 11l wherein the polyner is a

pol yur et Ranéreescof Thellehi matofizl ai oo dextwheed to pergiblogman conpri ses a
polyol. 16. The_ tubing of claim 11l wherein the polyner conprises an

| socyanaPRLieasly ver by beidht e d- keRY rerogeritetionpl Regmensi of ohecl ai m 16
wherein the brom ne concentratiqn is between about 10% and 30% by wei ght

of the tGHPAFY - 18FLFHESFUBI Ay Iof WSt EaheL Vamors FarRd nentes frimesd al

radi opaque conponent is barjumsulfate in a range between about 18%to 45%
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mat eri al A e ' .his h ,conpound .in a range. between
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filled brominated polyurethane).

Figure 2 shows a cross-section of tubing having filler
material (filied polymer) disposed throughout the tubing 20. b
A visually transparent radiopaque polymer window is co-
extruded as segment 10 allowing for visually observing the
fluid flowing within the tubing lumen 30. In other
embodiments, multiple windows may be édded where desired in-
segments spaced. apart along the cross sectionai circumference
of the tubing, yet extending longitudinally,_parallel to the
general flow direction within the lumen. Such an example of

multiple window composition is illustrated in Figure 3.

Each embodiment illustrated by Figure 2 and Figure 3
may be co-extruded using two extruders, one extruder for the -
visually transparent radiopagque polymer and a second extruder
for the filler material, which, in these embodiments, is a
filled polymer. In Figure 3, the particular extrusion may
be split to form the multiple windows appearing
longitudinally as stripes along the length of the tubing. It

is appreciated that additional embodiments of wvarious window

10



21. A method conprising: conbining a visually transparent, radiopaque first
pol ymer and a second pol yner conprising-a radi opaque filler naterlthUﬂ 03
form'ng the conbination into a nedical inplant. 22. The nethod of cllaim?21
wherein the second polyner is brom nated. 23. The nethod of claim 21,
wherein the visually transparent radi opaque polyner is a brom nated _
radi opaque pol yurethane. 24. The nmethod of claim2l, wherein the polyner is
a first patsposiaisha HeCcuIEHO tHHn seRphet RaamebiednbuLthss senphLses:
co-extruding a second portion of the polynmer. 25. The nethod of claim 21,
wherein timveotiyomer is a first portion and a second portion and the nethod
further conprises: co-extruding a second portion of the polynmer so as to
substantially isolate and enconpass at | east one segnent of the

pol ymer-fil | erFhowee| 4l scondi aat evhodinbhn thsupoiygetrodbcokhe met hod of
claim 24, wherein the step of co-extruding further conprises formng a

t ubi ng WHEFEF S 19 PolShferifsualdy combisparenh radipspgesedpbbymetudi nal |y
with a partion of the tubing. -~a _ _ _
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is largely isolated and concentrated in one or more segments

40 disposed within the otherwise visually clear tubing of,
for example, brominated polymer 10. When the tubing is
viewed lengthwise, the segments 40 of filler materiél tend to
form one or more stripes of varying size which extend
generally longitudinally along some extent of the tubing,
basically'parallel to the flow direction within the lumen 30.
This embodiment allows the specific placement of radiopaque,
yet potentially optically obstructing segments (filled
polymer) so as to allow observation of fluid flow while
retaining the superior radiopacity of the segments, appearing
as stripes within the tubing, wherein concentrated amounts of
filler material are disposed. As with the embodiment of
Figure 3, a cerxtrusion using two extruders with split -

extrusions may form the striped pattern.

The visually transparent radiopaque polvmer is prepared
according to polymerization procedures known in the art. 1In
certain embodiments, the polymer is a brominated polyurethane
prepared according to methods described in U.S. Patent Nos.

5,346,981, 5,177,170 and 4,722,344. One exarple of a

11
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suitable polyurethane comprises a diisocyanate, a polyol, and
a brominated chain extender. Suitable diisocyanates include,
but are not limi:sd to, trans-1,4-cyclohexanediisocyanate,
methylene bis-diphenyl diisocyanate, and, methylene bis-
dicyclohexanediisocyanate. Suitable polyols include but are
not limitéd to polytetrahydrafuran, polyethyleneglycol,
ethyleneglycol—b—proyleneglycol—b-ethyleneglycol,

polyesterdiol and polyestercarbonate diol.

Suitable.brcminated chain extenders include, but are not
limited to, bromcbisphenol A- diethanol (e.g.
tetrébromobisphenol A- diethanol), brominated hydroquinone
diethanol, brominated benzene diethanol and brominated
bipheyloxydiethanol. Where the visually transparent
radiopaque polymer is a polyurethane, the bromine
concentration in the polymer is typically less than about 30
percent by weight of the polymer due to the potential effect
higher levels of bromine have on the properties of the
polymer, and potential stoichiometric limitations of

attaching additicnal bromine to the polymer.

Suitable filler for the filler material of the medical
implant of the invention include, but are not limited to,
barium sulfate, certain bismuth compounds including bismuth
subcarbonate and bismuth oxychloride, and certain metals that
have radiopaque properties including tungsten. As noted
above, suitable fillers may be combined directly with the

visually transparsnt radiopagque polymer (e.g., thermoplastic

12
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with low molecular weight diols or diamines respectively).

Suitable radiopaque polymers include, but are not limited to,

the polyurethanes having brominated chain extenders such as

described above with reference to the visually transparent

radiopagque polymer.

In particular embodiments where the visually transparent
radiopaque polymer is a brominated polyurethane and is
combined with a filler material of filled radiopagque or non-
radiopague polyurethane, a resulting medical implant that is
tubing will have a percent filler materiai (i.e., filled
polyurethane) of between 35% and 65%, by weight. Typical
weight ratios of brominated polyurethane to filled
polyurethane include 50:50, 55:45, 60:40, 65:35. It is to
appreciated that the weight ratios will vary depending on,
among other considerations, the desired level of radiopacity
of the resulting medical implant and whether the filled |

polymer is formed of a radiopaque polymer.
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elastomeric properties are generally preserved. Typical
proportions of filler used vary depending on the particular
type. For bismuth subcarbonate, for example, the percentage
of filler by weight to the entire tubing is between 15 and
30% when combined with a polyurethane polymer. Barium
sulfate may be utilized in a concentration of between 18-35%,
although, in certain coextrusion procedures, this may be
increased up to 45%. Tunésten radiopacifying filler material
is ordinarily employed in a percentage concentration by

weight of the tubing of between 15- 25%.

The preceding detailed description focused on the
combination of a polymer and a filler material. It is to be
appreciated that additional polymers or additives, for that
matter, may be combined with the polymer and the filler
material to, in certain instances, further enhance the
properties of the ultimate composition including a medical
implant, For example, polyurethane can be combined with
other medical grade polymers such as polyether amide,
polyether ester, and non-urethane-based thermoplastic

elastomers.
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will, however, be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the invention as set forth in the
claims. The specification and drawings are, accordingly, to
be regarded in an illustrative rather than a restrictive

sense.
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1. A medical implant comprising:

a first visually transparent radiopaque polymer; and

a second polymer comprising filler material having a radiopaque component.

2. The medical implant of claim 1, wherein the second polymer is brominated.

3. The medical implant of claim 1, wherein the filler material comprises filler selected

from the group consisting of barium sulfate, bismuth subcarbonate and tungsten.

4. The medical implant of claim 1 wherein the first polymer is a polyurethane.

5. The medical implant of claim 1 wherein the first polymer comprises a polyol.

6. The medical implant of claim 1 wherein the first polymer comprises an isocyanate-

reactive brominated chain extender.

7. The medical implant of claim 6 wherein the bromine concentration is between about

10% and 30%, by weight of the medical implant.

8. The medical implant of claim 1 wherein the filler material is barium sulfate in a range

between about 18% to 45%, by weight of the medical implant.

9. The medical implant of claim 1 wherein the filler material radiopaque component is a
bismuth compound in a range between about 15% to 30%, by weight of the medical

implant.
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tungsten in a range between about 15% to 25%, by weight of the medical implant.

11. A tubing comprising:
a first visually transparent radiopaque polymer; and
a second polymer comprising radiopacifying filler material having a radiopaque

component.

12. The tubing of claim 11, wherein the second polymer is brominated.

13. The tubing of claim 11 wherein the filler material comprises filler selected from the

group consisting of barium sulfate, bismuth subcarbonate and tungsten.

14. The tubing of claim 11 wherein the polymer is a polyurethane.

15. The tubing of claim 11 wherein the polymer comprises a polyol.

16. The tubing of claim 11 wherein the polymer comprises an isocyanate-reactive

brominated chain extender.

17. The tubing of claim 16 wherein the bromine concentration is between about 10% and

30%, by weight of the tubing.

18. The tubing of claim 11 wherein the filler material radiopaque component is barium

sulfate in a range between about 18% to 45%, by weight of the tubing.

19. The tubing of claim 11 wherein the filler material radiopaque component is a bismuth

compound in a range between about 15% to 30%, by weight of the tubing.
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20. The tubing of claim 11 wherein the filler material radiopaque component is tungsten

in a range between about 15% to 25%, by weight of the tubing.

21. A method comprising:
combining a visually transparent, radiopaque first polymer and a second polymer
comprising a radiopaque filler material; and

forming the combination into a medical implant.
22. The method of claim 21, wherein the second polymer is brominated.

23. The method of claim 21, wherein the visually transparent radiopaque polymer is a

brominated radiopaque polyurethane.

24. The method of claim 21, wherein the polymer is a first portion and a second portion
and the method further comprises:

co-extruding a second portion of the polymer.

25. The method of claim 21, wherein the polymer is a first portion and a second portion
and the method further comprises:
co-extruding a second portion of the polymer so as to substantially isolate and encompass

at least one segment of the polymer-filler material combination within the polymer.
26. The method of claim 24, wherein the step of co-extruding further comprises forming

a tubing wherein the polymer-filler combination is disposed longitudinally with a portion

of the tubing.
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