Attorney Docket No.: AVMRNZOO600WO STERI LI ZATI ON METHODS AND APPARATUS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit oWopoioossity to U.S. Prov. App. 61/145,932 fil edpdanusasop/ozgso 2009,
which is incorporated herein by reference in its entirety. FIELD OF THE

| NVENTI ON [ 0002] The present invention rg{t@;n%z &@&?%!:lﬁ%{hﬁﬁﬁ%d@% and

apparatus for sterilization of tenperature sensitive nedical devices,

particularly catheter devices and inpl antabl e prostheses. BACKGROUND OF THE
| NVENTI ON [ 0003] Ther STHRILIZAEIGIN METHODS\AND APPARATIONS for term nal
sterilization, including, dry heat, steam autoclave, ethylene oxide (EO
and radi ation (ganma and Ebeag?{tz There are al so newer sterilization options

that utilize hydr ogerCRePSREGERENSH TP RBLASFERMFERIGABHONS ect i ve

sterilizatigyaijret hodgif Hpliitehtiinfs@Rd tehéfiof flftd OKNBLS. Agponspor e form ng
bacteria and ot her m croorgani sns. [0004] wever, manfy of these
°1§

t
tradi ti onal6!df#&P32 filsdianuay a2 svhidhiis weorperatnd herpithbagferghee| R #5 t at i ons whi ch
reduce theiehi@ff ectiveness. For instance, the application of dry heat is
typically conducted at 160-170 C for a m ninmum of two hours but due to its
hi gh tenperature requirenent, its application is highly limted for
t enperat ure-sensitive devi cesrmgh OPTHEURERENTIONOOOS5] Anot her sterilization
met hod utilizes steam autoclave which is the oldest and typically nopst
cost - ef f ectl?8@] met hothedresert dpveptiongelpisheqieratly tpousthess pad anpatag &1

i nst r unent seeriliAi€ioRPPkinpatiicaadbitlve aedR dbvides]fdticufarlytaletlef RSRU MmdChanber at
15 PSI. The sterilization period is dependent on the tenperature and size

of the Poadmplagiakispropthesg®s from 10- 60 minutes. Yet because this nethod
utilizes relatively high tenperanres, it is not well suited for heat
sensitive materials, devices, and instrunents. [0006] Another nethods

utilizes Ethylene Oxide (%K&%W OF t1dtks TIONe" heat or noisture

sensitive. [@doBhough THRe: Rpaierthl ddemicAebdh tethods fof Rinfindl eg@isgions far bel ow
t hose of dry heat and steam aus ocl ave steriljzation, it may sti be too

3 y |l
high for a'8iing fry et 18m alfavesthyleanetide AR BHRLe @2 @meardEnt t or ney
Docket 150. beMRINZDOHE@MEnewer sterilization options that utilize hydrogen peroxide (H202)

vapor which are effective sterilization methods for highly resistant spore formers, non-
spore forming bacteria and other microorganisms.
[0004] However, many of these traditional sterilization methods suffer from a
number of limitations which reduce their effectiveness. For instance, the application of
20 dry heat is typically conducted at 160-170° C for a minimum of two hours but due to its
~ high temperature requirement, its application is highly limited for temperature-sensitive
devices and instruments.
[0005] Another sterilization method utilizes steam autoclave which is the oldest
and typically most cost-effective method of sterilization used mostly for surgical
25  instruments. The applied steam reaches 121-148 ° C in a pressure chamber at 15 PSI. The
sterilization period is dependent on the temperature and size of the load and can range
from 10-60 minutes. Yet because this method utilizes relatively high temperatures, it is
not well suited for heat sensitive matenals, devices, and instruments.
[0006] Another methods utilizes Ethylene Oxide (ETO) gas for items that are heat
30  or moisture sensitive. Although the operating temperature of this process is far below
those of dry heat and steam autoclave sterilization, it may still be too high for a certain

medical devices, namely bioabsorbable stents.



[ 0007] Gamma and E-beam sterilization is another nethod which uses

radi ati on where the effect on polyneric materials is the sane for both.
Ganma andw@-2bwenssHteri | i zation typically subjects devi cesTius20m06afit@t i on
sterilization but polyneric devices, in particular, will inevitabl y be

affected by the radiation and will exper|14‘et(1)q.,|s;;,I g%@gg% ReloheRRY

structure (such as chain scission and cross ng) hese processes may
| ead to significant changes and conpromse in the tensile strength,
el ongat i on [8807br eak, Gamda yﬁ@E{dezsﬂ sterilizatdn is arothep methnd which deey rgiggion
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Hydr ogen Pgagﬁglgxe wﬁl}/lél'é%a% e. altile ﬂapg Walaﬁgh {}n?smg%g&gtgr?c@%fn%lfla%/ m?‘i&@rl ied for

sterilizin éal ewcsm eri Ion by VHP
occurs idn aporymeastruae:kw(stlm/asnmlssqms@nendlcrpssriM) dfhese firecep®s miay fead toess t han

50C. It is de.%%ﬂfc&ﬂ'ch% S 2By rotn(?{_ew§ he'h én'sl'leég @Q%ﬂ%gﬁm 2Dl W ARERSI L ve

itens and icate | HStTumen an oxl di zi'ng agent
t hat ef f ectstraigpésuich pelamendavines) lbmhdatommecckadtebang@hh meelrancdrppepesrss (e. g.

menbrane | i [}Pﬁ, . m cal
interacti or?gd glt%tb ﬁ&%%ﬁﬁéﬁ%a y ak%éﬁgﬁé 4 %qb%ndeg%iﬁ%ng&g bel i eved
t o be respdhest bhlaagdsor the inactivation of mnicroorgani sns. As a

| ow-t e r ase Qg@1 ive to
ETO st girb:3 I ﬁg(g{sfog bu Iffggsse{lg%tl?% guzt%][g{)llﬁél QVh;thzeé/ﬁ‘ﬁ g?egm?k%g{fﬁﬁe devi ces
to be st er isieridieationsrhivh dibs esn Edr@ralliopmied for Stye!wd@slefhcm/d@emger laaspitads and

noi sture, \FRaatdkr ISL~‘:'rl ?agfoglgy c%rg fila IQfat}@eﬁy ﬁkvgrgblfst'uf‘eaea(/ r(ﬁ‘ﬁjﬁ/egp&t ges over

ETO sterilization |nc I ng exce 'ent materia |ty and short
cycl e ti nme.tenyeeratine kass GaheQC.sht @rgenqrzlé'tSU6¢b1mdahmltmrtg§1€aWﬁ>ma§§lr¢| mtations.

Because VHRoMRE i ald AlchAGRId REBRLEAR:ORIAYAL bR, WhfylTO an open

gas pathway nust pr esent evices such as PT PTA_cat heters
W th orlswi teblecis ste’elen@@ thewaridatonoef kep cellilar geshionenty (ccatismbens lipidy, conpri se

relatively ﬁl@@ganh HQUJ é@genf@l@aﬁst%e'nﬂ) aﬂ{emgmﬂgl it@cdol anth%]Eh l'um nal

di ameters as snal | : ) h” configurations present a significant
chal | enge fbiglogigsly "ﬁmrﬁwewmweﬁ feibgligvied ip begesppipitde for fhejinagtiyasian o

general |y ieRpabhiemOf AREBRUEAD M@ osd REthdd HisRAISANBH S NgHe | umen
| engt hs. [0009] Because of these |imtations, there is a need for a nethod

that is caplpmeivsfo Bl@sierilizatiap byeKHIt derilizptien doenisit gsncijels i Fhy daviers to
hi gh- sefpsi tye \etiNzdi @s BPPREBEN Bow@didr, besides low-temperature and moisture, VHP

sterilization does offer other significant advantages over ETO sterilization including
excellent material compatibility and short cycle time. Yet like other sterilization
modalities, VHP has limitations. Because VHP sterilization lacks the penetration
available with ETO, an open gas pathway must be present. Medical devices such as

25 PTCA or PTA catheters with or without stents mounted on to the delivery catheters may
comprise relatively long tubular members in a range of 100-150 cm with luminal
diameters as small as 0.008”. Such configurations present a significant challenge for this
method of sterilization as VHP sterilization is generally incapable of penetrating and
sterilizing though these lumen lengths.

30 [0009) Because of these limitations, there is a need for a method that is capable of
sterilizing devices with complex geometry and high-sensitivity to temperature and

radiation exposure.



radi ati on exposure. Attorney Docket No.: AVRNZOO600WO SUMVARY OF THE

| NVENTI ON [ 0010] Bi oabsorbabl e polyneric stents are especially sensitive to
t enper at We,20road5a%i on, and noi sture present in traditi @oalussaeosdseati on
processes. It is known that tenperatures used during sterilization, e.g.,

ETO sterilization, can result in crackingQfnhoxidk ZO§<§JOW§ during
stent depl oynent due to onset of brittle behaV| or. PO one

enbodi ment, the stent may be constructed of a bi oabsorbabl e poI yneric
material with a Tg (gl ass t SEHMVARYOK EHPENYENTE)N bet ween 40-80 C. Wiile in

an ex pandeq%Jlng t iSaib e gmg‘?c shdnfsSe &é&?a%ﬁg%&sg%vggsaggg&l%fI lization

process Wwit , an oper at t enper at ur and with a
relative hmrrﬁumonwné Rid)stusé preegs in L@diionadistqulzatipn mosﬁsesj Itiigleoivothat enper at ur e

s at or belirdies o Bl Rrfit A0 [RUA Bl RACH ARl LGEIRY of fect s

and deterioration of ni cal properties nay argely avorded. The
stent may melys@bswuem\m gurng; sippbdeplonmens dae pvrcwscstoébmtlle bedvient het er delivery

systemin edpepti GnQhe SElaASERA sqenm;( Fé)mmctedt?sb%ﬁ&%rmhx may t hen

undergo a termnal sterilizati on ste , vapori zed hydrogen
per oxi de ( VPPmen¢ materialagthiagh, (gbﬁsr‘t@dm@etelams@um btttWeenIWOt’ Qwﬁ@n’atlmre and RH

| evel s of thgntdon ahil LbAddy® o4 9688310 BRERAUIARkaull ORELLLAR Of the stent

may not be adversely affecte urther preserve nechanical properties of
stent, an éRaPﬁWélgéﬁfmneﬁéurVHPgSPfeWrﬁ(i’étandml}bradeles\@fpméme(ﬂéﬂsf M9-be set as

fol Iowspy ( Bhogt RIRE fiid Mrﬁxzﬁ@dﬁg Atﬁ}\ylsﬁaq oxci)elc(\g?he EQ/S% e Et%%a?én[aﬂ' hr - 10 hrs,

and (3) concentration of Yo nor mal per oxi d wei ght 0012] Aside
from ETO omundgsfablg éeqnaj Qféﬁtcf‘i@ﬁd daemﬁrqtmwﬁmeshaarealmmesmyb¢lamm on met hod

nmay al so bgydihdd. "P_ﬁ@gtex?t% lﬁ%uﬁs@%ﬁﬂf&ma %h@cl A Yre @féﬁh&e@t&ﬁet@{ &m&?x' lizer

(Bet hesda, MD). The cathéter assenb be exposed to nitrous oxide,
e.g. f r omsITFTRinATaEptie or $ﬁb@$epamwapmammﬂem§mbésrm@r tieqprdergo a23 C. The

exposur e t iiRifplle1s ﬁdavsf aRfcng S JNAGAPRBEY hydRogRR BLbEACATTRPEt € devi ce
sterilizat |ton 0%1 i e?her g%boggil ne]?faf or}t rrag?ﬂ ai ni ng?the sterility of

cat het &f | awghéa“ﬁwei ﬁ@:oﬁ?févﬁﬁtoéﬂleh‘év trgwergtureoand Rat lewgdy ef the ¥HB- porous filters

(e. 9., 0.2smiRAbeprobdst, Qﬁe%haxﬁ&yﬁbﬁéin&%f ﬁle\ééht\/rﬁay ﬂ%t beigfveASafftlsa. AV ng one
or nore valves (in either an opened or closed configuration) and filters
g@iPe

coupl ed t h&¥eepPTREpvepRechytch! prgpertiesell stentzangyample of the yterggatianp| v .
Furt her mor @rocéss pRRfeRls RSIRAB ¥ fTRWs &l FRmPE G nde Delol 6@6@ AYcyche catheter

gui dewire tlhl‘lrg%rfl I Eur _I’ IOUE?rS alncr1] (SS)tC(e)rl;clerlltIrathl()rT gf 5tor3/§ g‘g‘tngrerr'gaﬂ)ergfxcsiee E)nglght

20 [0012] Aside from ETO or VHP sterilization, a nitrous oxide based sterilization
method may also be utilized such as those commercially available from Noxilizer
(Bethesda, MD). The catheter assembly may be exposed to nitrous oxide, e.g., from 10
minutes to 1 hour and at a maximum temperature of 23° C. The exposure time can be
increased as necessary to ensure complete device sterilization.

25  [0013] Another embodiment for maintaining the sterility of catheter lumens may
incorporate the use of one or more micro-porous filters (e.g., 0.2 pm pore filters) coupled
to a valve. A luer assembly having one or more valves (in either an opened or closed
configuration) and filters coupled thereto may be used for sterilizing the catheter
assembly. Furthermore, a mandrel assembly may also be used for blocking the catheter

30  guidewire lumen for use in sterilizing the catheter assembly.

[0014] An inflation valve assembly, e.g., uni-directional valve or stopcock, having
a stop or valve operable between a closed and opened configuration may have an inflation
lumen filter assembly coupled to the balloon inflation lumen extending from the luer

assembly. Likewise, a guidewire valve assembly having a stop or valve may be coupled to



[0014] An inflation valve assenbly, e.g., uni-directional valve or

st opcock, having a stop or val ve operabl e between a cl osed and opened

conf i gur avpaniomey3thave an inflation |unen filter assenblPgTase@oad7e® t he
bal l oon inflation |unen extending fromthe |luer assenbly. Likew se, a

gui dewire valve assenbly having a stop or e &QkP} t or ney
Docket No.: AVMRNZOO600WD the guidewire | uAr%)?léey?oggél(é@w re urrgndof ter
assenbly nay be coupled proximally to the valve assenbly. Utilizing 0.2 .mn
or smaller ﬂpﬁcgl@eiviirbﬂlemem meg/uiqlmémémhertﬂﬁ@r hssémlilsdmay bom@fedm‘rmdmdjiyab

cont am nan | unens 0015 enova

opti onal | yt[%l Jélg\lg Sﬁrﬁglﬁ %ﬁlh Et"ﬁé{%f’ scrlna“{ar o i]ilcfr o prevenlt%e mt%rﬁg?cé’f’% to al so
seal the dioftmadroipdcontaminatts triethe adtha¢rdumassenbl y. An exanpl e of such. a
removabl e Iy may uf i r insertion Ww.t gui dewire
| umen of tﬂgﬁc t het e'ttrt MAK%?? lgﬁeggmgy & oﬁmqgé’ *‘%‘.‘Pé’ %’ aﬁ?, ﬁgsdlf)t?%e)?dr%l ly over
t he nandr elinsevsd thaeiatde deheal thedustahrortatn odl theicathetkr aemhbd}f Arhe(atmredxfel such
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di stal openi ng, I"aréd sea Ion nmay ex Fé%s? aIIy over
t he cat het ef thdlcsttlabr A @arahstamwmntwmcmmdnéi Eoxioalpoves mefnaméret masfbrr m a seal
eff ect i vel ychol Akl Bt L 0P BIAI R md MR Duch LA DS E MY AN 8N
preventing I ntroduction o m cr obi a anlnan S IOt urren. [0016]
Wth the vatihe thsgaddwitedgsmemtdiraublea dlstaé@memgj thefl4red ieelrwrtmnupﬂyeadteséaur ely to
the luegp a .ot o an
opened con?%g{?ag%élll%h%%%whggf C?%tgﬂ cat he %hglb ltjﬁr}r:gegg&grr%?fg% tg %rl%ga sell

comruni cat ieffectinely hsofatiag thavathegemismen from chegnvirdnmehi dnd@reyentBigantrddugtani on of

t he '”ter”%km&@&hﬁ%&ﬁmhMEﬁ@&uﬁﬁXE&% t hen achieved utilizing any of the

met hods descri bed herein sterilization, or any other suitable
sterilizatilH6het hod¥ith Netvehnammblhey and their sispreBvenfiltersomupled seedrelyrto conf i gur ed
into their go)i0§e0emBIf leOiti@d IS DY [ ternal catheter
| umens may tnonethee egée%% achi 3%9 g?%gké%her%gggfﬁqm}ﬂ%P%ﬂ nmet hods, e.qg.
E- beam ISt ercplrﬁ&la*ﬁlp@wch Heoth? ratrierdumens ase ia dluldi comtrivoisaiidn witiethe at het er | unens
has been coppldmbest thlbligh c&@hﬁ@‘r& eﬁte@?z%ﬁgﬁf’&%hé E&%nﬁﬁcaiﬁé}’e?ﬂnﬁg focfaprol I ed
aseptic environnment, such as a clean room ere one or stops may be
closed (if aghieief piizgg any of ﬁ@umeﬂmeﬁ@dn@émegw at 50 Steuhmpwoseﬂy they may be
| eft ¢l 0seQlher Yhibkle LA Rbds Ak Ryl 12 LERELE YRkYurkgo! ated by
t he | uer asseﬂbly %nd {hé di st al ene len?t ?ﬁ%?%?g P%ect%be § ?so | at ed
by the nandHefheyslosssiopfigurafonp m@t%&atmpﬁ@@@ﬁemuw@hstemwmnm ain their
sterilijy. nbRrfks ﬂ_é)acmea&ﬁxsﬁ'xg%wgtexlﬂ%pontrQ&hédafé At 8lnPaldingonaf t er

catheter sterilization, th
[0017] Once the stenhzauon of the catheter lumens has been completed, the

catheter assembly may be moved into a controlled aseptic environment, such as a clean
room, where one or both stops may be closed (if sterilized in their opened configuration,
otherwise, they may be left closed). With the proximal end of the catheter effectively
25  1solated by the luer assembly and the distal end of the catheter effectively isolated by the
mandrel assembly, the internal catheter lumens may maintain their sterility.
[0018] To place a stent upon the inflation balloon after catheter sterilization, the
stop on the inflation valve assembly may be opened (or left opened) and air or another
fluid may be passed through the filter to at least partially inflate the balloon. Because the
30  inflation lumen was pre-sterilized, passing the air or fluid through the filter may maintain
sterility of the lumen and balloon. The polymeric stent (which may be pre-sterilized) may
be crimped upon the balloon and the stop may then be turned into its closed configuration

to again effectively isolate and maintain the lumen sterility.



stop on the inflation valve assenbly may be opened (or |eft opened) and air
or another fluid may be passed through the filter to at |east partially

i nfl ate tWwe 2omldsssin. Because the inflation |umen was precstuseeniozed)
passing the air or fluid through the filter may maintain sterility of the

| umen and bal | oon. The polyneric stent ( pr ) may be
crinped upon the balloon and the stop na%{ﬁe%'%"x"e?ﬁr"n I'n 9640![02\?(2' osed
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air or fluid sour ressurd z cau passes
through t h& &S 6%‘%??‘1\%“5 QrfytaérroL%éféusé’nﬁﬁef eéouggt%é" “t“ye&?“ aﬁsemlbg heter |umens

may stilbl Iseritigiofitieicaeter n@eBGMay\Afitl be traintaidednt CI’I rrped t he bal l oon and the
i nt ernal Eﬁ({}ﬁter I WIBNS 358 I‘cl 1 zegrgje bol'f'oon&nd ?‘ﬁéﬂ %l C?tg ssenbl i es may be

removed an cat het er “3s8enbl et3sse‘Frr{§Iy (or the
ext er nal C(mpbzedrms)or bmyﬁttérenssemhésenmb@aémqveﬂtasdthblcztbdemtseinbm ng any of the

nmet hods descr, d in, Prio at het er .ass bei ng used by the
physi ci an, %rllgé'g%r Tg’o?rhlre aﬁsembly Fnatthe exgmea?r%o\}?(?n%ms)t"ﬁqg P }PéltCI anﬂ)bri or to

stent i rrpl awrtibtedenlizipDHR th'Eunemhotdg ddasantbedmewm d’npr ta—tbcoﬂd'iete'r mémlgy and/ or
ch _achi eves or

sterilizati egvanother vari at | s_desc
i nt ai o Sape BielBE ARy AP ALt Bl B bR AR R B e st onc
The i npl antedt ispkntatioray desirably achi eve or nmai ntain nechani cal

characteri ?6d ?ﬁemgglglr@i{l%l?a%k%g\gqo re-cg‘l?ﬁt?oqm%ran?}oi%erqlzan troc%?s%‘f fected by the

sterilization I NSt an P EVe or mai ntain
at | east omeotfanariaties isrdeiirpedivhiph adhidvieorfrointan mn@ﬂmpamseﬁlizatibms e.g., a

di anet er '%Eﬁ%%?cﬁl A@gpeﬁ‘%s%%%%a Hﬂ@k&]ﬁ&l{ bt &aga%SIrqupq Wi J@&gh fracture

formati on; curv abou cm cur Ure’ fadius W
fracturlé f orenlaatmcehhar@%hn@m whicherecar enlederditar enthé haannzsffectleéhgthh of bet ween

10% 50% Wi LAttt AGHUAS FOPI R Ole R0 BSOSl Atialonk 0T e bi t

a per cent uction I n dianmeter t ween % WI out racture
f or mati on wWeemblylalcedhaiell@ying chasrrtsriedssi /@, 4 deanicterineteass hy bYot80% A@dher adi al

def opnat i Onnﬁ@lﬁi%f@ bgiltg)(ﬁelq vH{hg?lr tra@tuké)@gn%)n rgay]tu%e pro lg@gg&]ta%&endl ng on the

nol ecul ar wei ght and crystallinity conbihation of the stent materials
chosen, t heuvgibteyadipseyithoutisattuse topmatipmyexbibitairiercentgedngtion inianial lemgtioef gi nal

20  between 10%-50% without fracture formation when placed under an axial load; exhibit a -
percent reduction in diameter of between 5%-70% without fracture formation when placed
under a compressive load; and exhibit a 20% radial deformation when placed under a load
of 0.1 N-5 N.

[0022] Depending on the molecular weight and crystallinity combination of the

25  stent materials chosen, the fully sterilized stent may be able to maintain its original
crystallinity of 25%-35% and a molecular weight of 259,000 g/mol to 2,120,000 g/mol
while providing high radial strength (e.g., 0.1 N-5N per 1 cm length at 20% compression),
withstanding considerable amounts of strain without fracturing (e.g., 150% strain), and
exhibitAing high fatigue life under physiological conditions (e.g, 10 million cycles under

30  radial pulse load), 200,000 - 1 million cycles under axial compression and torsional loads.
[0023] Examples of stents and methods of processing stents having such
mechanical properties which may be produced utilizing the sterilization processes herein

are shown and described in further detail in U.S. Pat. App. 12/143,659 filed June 20, 2008
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DESCRI Rjl ON OF THE DRAW NGS [0025] Fig. 1 shows a side view of an exanple
of a polyneric stent which may be sterilized. [0026] Fig. 2 shows a side
view of a polyneric stenBREH pRIGHPEIN @F JiEr DRAMNGSal | oon assenbl y which

may be stenjgkzed as;a 18514%9&?@[89\3?}&&11 rgffgﬁ&gﬁ‘«ene b Gnith Gy gl @ fuer

assenbly having one or nore valves (in elt or c
confi gur at issnbizednd filters coupled thereto for use in sterilizing the

catheter asspgp!y. [9928hokd gs,déﬁe@la@w dﬁnaﬁrswnaé filAfo£Ghipegl side view

of an inflation balloon assenb coupl e a cat heter rand havi ng a mandr el
assenblly blbéléq@ﬁgfemh’e”’dmm%@e quglhﬁqqlafselsymle in sterilizing the catheter

assenbl y. [QA2P] Fi a5 WA 4B, HOQWE REPRGHINENIHRIonk BAMLALLAL, (f | ati on

| unen opened% and oon assenbl i es pol'ymeric stent crinped onto
t he bal | ooitespn gpeapd o1 cosed mﬁgfremw]mﬁlgﬁss cosmeéﬂ@remosmw eglizanst i ve | uer

(havi ng t hene@ln¥@sasedntsigd and filters

[0028] Fig. 3B shows a partial cross-sectional side view of an inflation balloon
20  assembly coupled to a catheter and having a mandrel assembly blocking the catheter
lumen for use in sterilizing the catheter assembly.
[0029] Figs. 4A and 4B show respective luer (having an inflation lumen opened)
and balloon assemblies with a polymeric stent crimped onto the balloon for sterilization.
[0030] Figs. 5A and 5B show respective luer (having the valves closed and filters
25  removed) and balloon assemblies fully sterilized.
[0031] Figs. 6A and 6B show respective luer (having valves removed) and balloon
assemblies ready for use.
[0032] Figs. 7A and 7B show partial cross-sectional side views of one variation of
the mandrel assembly removed from the distal tip of the catheter.
30 [0033]) Fig. 7C shows a partial cross-sectional side view of the mandrel assembly
having a flared seal for placement over the catheter distal end.
[0034] Figs. 8A and 8B show partial cross-sectional side views of another

variation of the mandrel assembly removed from the distal tip of the catheter.



renoved) and bal |l oon assenblies fully sterilized. [0031] Figs. 6A and 6B
show respective luer (having valves renoved) and ball oon assenblies ready
for use. WOQBRY0sFi1gs. 7A and 7B show partial cross-sectipomaiS2evaeond ews of
one variation of the mandrel assenbly renoved fromthe distal tip of the

catheter. [0033] Fig. 7C shows a partial Gf0R3pReR: NSNaAMRNGB0doRM Of the
mandrel assenbly having a flared seal for plaCenent over the catheter

distal end. [0034] Figs. 8A and 8B show partial cross-sectional side views
of anot her (W8] at i orFipf8G shewsmpaitidicraas sashiylalsideeviow efithé magndrelnesedibht al ti p of

the cathet %Evi_ﬁégegl??(i%exwg:fﬁtin&lgiohWQ&QQP 1lef#35] Fig. 8C shows a

partial cross ona e View e mandrel assenbly having a plug
assenbl y fd?036hsert ifogs. PAtand PBehavapaned] erosdiestiaual sededvieysGd3&jthdri gs. 9A and 9B

show parti gl i INeT-NATA jsatdon of the mandrel
assenbly rglgn%%{é)g%f?%?nﬁ%ﬁ%%e@ I t:él()eedcl)\?on? hg?iggﬁ ﬁ€§%¥@£+%%é§7] Fig. 9C shows
a partiad d9B3k- sectliiprP4l shgwvelepartidwrass-sechenahsdedviel obibs anhdrgl ahmbhy a

t apered ponti: ! ¢ i - Ji;stal end. DETAILED
DESCRI PTI O{IMlH %h@érfdh@%%‘%f&% %IE%BTEOAH/E%%%?F@B%%} %’é’s i ncl udi ng cat heter

delivery devices and inplantable stents nust be able to wthstand

mechani cal | oads that g AINPeRdCRISTIDN GIIEHJEWEN‘?%GH@G treatnment site
[ I

(such as loads inposed during intravascular delivery) as well as post
i mpl ant at i dM38iThese Mesie detiges insludmgfcatheier dstivany Hevagep prd implnblesights axi al |

conpr esgi Ve R Ble & W&t%%&ﬂa&i&%@?é t_hWafehm &eh ghﬁngf defiflis Rhes and

anpl i tudes dependi ng upon the site of Inplantation. Stents should ideally
mai nt ai n t Ketmestsyt {suthdasiepds iroprsed dusing amivascilercdeliveay) asmieBagpdst and i ntegrity

under t hesgy,aadidg TheRJbdds ARF be H s FPVIARTRE Q0P 8xA], cdfifibdsivenysi cal
properties during sterilization may result 1n a nmechanical failure pre or

post i npl arnpd(es mbinatoRbiredd wibworhltqaensiss prebamplitudee dapsndingeunss eeci al | y

sensitive L. sEMPRhatisH Stedi@fb@liiRay ARtMhaf Lh8o1BME PRBEmibhr adi Ti onal
sterilization processes. It is known that tenperatures used during ETO

st eri | iZat isByrierakpirergsiuind intgerety sedar thyscipading sppditiprs. Jhunemstompranisheli ng st ent
depl oynent lﬁgﬁeph&gca@%?%rggjodf&iﬁg Etkhﬁmh&hﬁy%ﬁgun ih Q@4hant Al AlGe pRERRYLGENT, the

stent may be construc a bi oabsorbabl e polynmeric material with a Tg
(gl ass trad@PeradPn enper at ure) between 40-80 C. Wiile in an

[0039] Bioabsorbable polymeric stents are especially sensitive to temperature,
radiation, and moisture present in traditional sterilization processes. It is known that

20  temperatures used during ETO sterilization can result in cracking of polymeric stent struts
during stent deployment due to onset of brittle behavior.
[0040] In one embodiment, the stent may be constructed of a bioabsorbable
polymeric material with a T, (glass transition temperature) between 40-80° C. While in an
expanded form, this stent may be first exposed to an ETO sterilization process with, e.g.,

25  anoperating temperature range of 38° - 50° C and with a relative humidity (RH) ot 20% -
80%. Since this sterilization temperature is at or below the T, of the stent material,
undesirable thermal effects and deterioration of mechanical properties may be largely
avoided. Fig. | shows a side view of an example of a stent 10 having at a first diameter
D1 which has been sterilized prior to assembly upon a catheter. Stent 10 may be

30  subsequently crimped on to a pre-sterilized catheter delivery system in an aseptic or semi-
aseptic environment. The final assembly from this process may result in bioburden levels
of 0 - 1000 colony forming units (CFU), which is a measure of viable bacterial numbers.
[0041] The assembly may then undergo a terminal sterilization step utilizing, e.g.,

a vaporized hydrogen peroxide (VHP) sterilization method. Fig. 2 shows a side view of



expanded form this stent may be first exposed to an ETO sterilization
process with, e.g., an operating tenperature range of 38 - 50 C and with a
rel ati ve wormdvasy3i¢RH) of 20% - 80% Since this sterili rariusnoowongyer at ur e
is at or belowthe Tg of the stent material, undesirable thermal effects
and deterioration of mechanical properti g iRy Rekd NICAMR oFig. 1
shows a side view of an exanple of a stent 010¥havl|(rt1 %t a Mst di arreter D
whi ch has been sterilized prior to assenbly upon a cat heter. Stent 10 may
be subsequelmtdtgnt £ ¢rpred upen ﬂn@daivptye;yselerdgjsmdlmmah&asendm}diwiéry systemin
an aseptic | m this process
may result d@ﬂve@%(%tﬁfeg%lﬁ aél\?ag e w‘%%]erig‘glgre S{epginoyrg %‘r%n?r?y i nts an( CFU) ,

whi ch is a infieblertallodn 12 fedph @s ba@t damettr Durher®nd [sx@ﬂlhi]ilaiﬁhm stenbl y may

then under R fhsd G t?{}&%&enﬁtlgﬁ 4rés%1?tt UL c?etv}:%g %Mﬂbélpﬁgf tO?hl foce%s agg orized

hydr ogen peroxi de Fzat1on a side view
of At t or fey aldo bkatseNertain ANRMNNENE U Ystem veltighndre Ql@llcrrglrrgtiedteukmr(wtxhb delivery

system e. g, 1§qu€dgqlleh%thgaylug,%n)ta§a§gg@fang,ged 10 %&dg¥§&%n§l%eﬂ%ﬁ$ {‘hé*t]’g*ﬁ‘l 2 an

aseptic envi P ohment ere sten e Cri upon an 1 n
bal | oon 12 MHbsteriltzatignpredess maji rptresteire il pergtratigbongh headtireasselnldyet er D2.

Because of In@ﬁdllﬂ Pnte%Eth?t i ch&ﬁ&!ﬂ% K%cﬁ Pﬁeﬂﬁ\éh&;r&fseﬁs‘e’ﬁ%%% rg%l‘]d%i or to

this process al so ecau e certa conmponent s ich are
chal | engi ngfftf@wstasefr fermind pfadasse Furisgymprechegalee oftbe bbat thmpaatuteand RH has been

pre-st eeri ! ilc.zv_gg o? %ﬁu W&%Hl]zglm pr&@gshﬁg&a%&{i ﬁerEth@é oNﬂDstéJt %}/ Inblzb%t | 0N process

may not require penetration throug e entire asse (1 ncluding the
cat het er | afansely %&@efeﬂ dT o firther preseiye meghagichl propsttieo nf mrm@essamndyofbée hi ghly

ffect
effective ag{;astgrﬁrzmd}%o&gsg%%ﬁterf Mi;j e{qgrfalo“geﬁzlgﬁﬁglgiuré JAE%TE&E‘&I’II cal

tenperature and RH | evel e VHP sterilizatio ess

properti es 68 Ci(Rkcystedime afdyhr ndR his.eand (R)eproentyatigh bé@Q‘VeéO%Tr@ﬁml petavide pr eserve
mechani cal yprRpgarties of stent, an exanple of the VHP sterilization process
paraneters iy be set as foIIovvs: 1) tenperature range bel ow 60 C, (2)
cycl e thome (M2 hr -Asidy frame ETQro VED)stesibipionta rirousox sl bsgdsiedisanon mal

per oxi de_byndRlachllo1sh 80 4RkzeAShdlS: W RoRRR Gl BBl Neglikgn, a ni trous

oxi de based sterilization nmethod may al so be utilized such as those

comer ci al I(§ethgsdd: MIB) he cashememblionay Bexpessd i, nikmys oxifhe- e fttel®r assenbl y

may be expeagdedid 1Mol AU @eﬁa,@lﬁumqergperat&regm% nﬁh@u&,ﬁgu&%&@m and at a
maxi mum t enperature of 23 C. The exposure tinme can be increased as

necessary tRETEHEhA BSCEH e rRsuERSPPletesdedicr BERlRalih. [ 0043] In order to
maxi m zg t heoasf eri | i12atdePd RAERAL HRlsteRfizatiBe pdtbdifaPHShORi R oxide,

sterilization of the catheter assembly could be accomplished in dual phases. The delivery
system may be first sterilized using radiation, E-beam, or other method such as ETO
sterilization. The stent may then be placed upon the sterilized catheter and the entire
assembly may then be sterilized with nitrous oxide at heat levels no greater than room

25  temperatures, e.g., 22 ° C. Because of the reduced heating levels, the reduced
temperatures reduce the possibility of polymer material cross-linking and the polymer
glass transition temperature is not impacted. Moreover, use of nitrous oxide may require
less aeration time and will not impact any shape memory properties of the polymer stents.
[0044] As previously indicated, upon completion of the initial sterilization, the

30  stent crimping process may be performed. The crimping process may involve the
introduction of gases or fluids or other foreign materials (e.g., for balloon inflation) or
tools such as mandrels into the internal lumens of the device. Yet introduction of foreign
materials into a sterilized component may violate sterility of these areas. This may be

especially problematic when the terminal sterilization does not have the capacity to



sterilization of the catheter assenbly could be acconplished in dual
phases. The delivery systemnmay be first sterilized using radiation,

E- beam owoavtvasssmt hod such as ETO sterilization. The gCerus2emypeisaen be
pl aced upon the sterilized catheter and the entire assenbly may then be
sterilized with nitrous oxide at heat |ey er”{@?&

tenperatures, e.g., 22 C. Because of thé(ﬁl()?n glgehggtl ng [ eve

reduced terrperatures reduce the possibility of polymer materi aI

cross-1i nkipnxgptranedhrbm thotvylivef gl dasise, ergatigpighohe dagrpewallsup etefikizeniddse i npact ed.
Mor eover, s gf nitrous oxide may require | ess aeration tinme and will not
i npact any snﬁape menory properties of the polynmer stents. [0044] As

previ ousl y [004d] cat ed@nqtjponnb@mpératwrommmémmgéxelsnnhlya:lf cghaeriimaatmayn, t he
stent cri rinpin i nvol ve
t he |ntro<rzlrrt§?:c{(1> g’c‘))n[eotﬁ gﬁ%s??gxeo&q?(ﬁ soga B be?s (%§r§p "gﬂaf’ thr% coqﬁgd g., for
bal | oon 5i nfié atalvm)Artﬁxampbhsshswohn ths sﬂanﬂwe;lfﬁlgl Mwhtcheho\mmdtahevl'mﬁmns of

t he devi ce. 0, t i nt i)t zed
component et Sl ARG B0 PhuokVoRlellln BRleEl Sefied et ARLIAIAFD) |
probl emat i @mhﬁbms tdueled dreratnfor ustlestlehhzzrgﬂl@mtlmhwsssnmblyhﬁige% Hvesapaci ty

t 0OAtt or ney s of the
devi ce, 5%(3{(%&5 ’é@chm?;@ e'? gm\/f\]gﬁhegapg& EeePrlrl::'?)pglhco'il g%}égq%mans [ 0045]
Anot her e nb@dctnelﬁthahog lmmsmxahlyn 2hand foshes heving 4 inyndoél assanblyt3@bldckmens may

i ncor pgpat e, t [ ilters (e.g., 0.2 nmpore
filter 2)0 cglhp‘{a&gééf@mgg \f/ogra\‘gjee8 s}ﬁﬁﬁiﬁ%{ﬂe‘é&ﬂet&% %H]\?i/rf in the side view of Fig.
3A whi ch sHe4¢] a si den milatienofalva a$sgeblye2§s<egrbwd2®tlhmlwdge orstopoecknor e val ves
(in either ' fd t hereto
For use i n"qapPRAZ A28 SRAME DTN AL Ak Pia @Rl oS Eich PRER, | 1
cross- sect ianmrdlatigyi ldmew filtqy agfermbty J4néd desdribed M# @ewplqistsémltﬂoy iffRtiemupl ed to
the cat het 4y - 'mlr'ﬁ 2 d t a6k DAVl drel
assenbl y 33'5%%‘ c%?%hm%eglga%eﬁet&g ugéglkga etfsﬁgél (Pn gterél%gezn?or%gg?he cat heter
assenbliy. [(@9461]ml¢m0 vaifd assdnaly 2@ haring stop prbiajve 3@ may by couplgdito diidesird onal

val ve or SaRaofk . ARG 1inét BR: Qsent AR HPfiffer AEE MBS B4 fme) 0Sed and
opened confllgguratlo é' have anr?ﬁﬁ{% ﬁuez%gusnenr {-teerr a%lgl fm§y34 as
descri bed &Bewwledpsaxinaly o galyapsserorly Phf Ualtlaneﬁwo?ummrezletee%(%%mmg from | uer
assenbl y 20, bhinhiSietorthilobieolBhifin@sRE HRlkndlt bl simlar to

val ve assenbly 26) having stop or valve 32 may be coupl ed to gui dewi re
| umren 24. AOQY] dewi rAeramavable fdaf may beepsiengdly\plaged yponghe catielgy dlistal and of j | t er

ﬁ?n SegPL%f 34%sgx?§%h&8n?&&l£ﬂ & (R @Bk oh df the'\cath¥er ASSHHL! An S@mpldtdf! 1 2i ng 0.2
il ,
P such a removable seal is shown in mandrel assembly 38 which may utilize a mandrel 44

sized for insertion within a guidewire lumen 24 of catheter 14. A flared seal portion 46
which extends proximally over mandrel 44 may be attached near or at a distal end of
mandrel 44 along attachment 48 such that when mandrel 44 is inserted within guidewire
25  lumen 24 through distal opening 40, flared seal portion 46 may extend at least partially
over catheter distal tip 42 and upon the catheter outer surface to form a seal effectively
isolating the catheter lumen 24 from the environment.
(0048] With valve assemblies 26, 30 and their respective filters 34, 36 coupled
securely to luer assembly 20, respective stops 28, 32 may be turned or configured into an
30  opened configuration such that the catheter lumens are in fluid communication with the
environment through filters 34, 36, as shown in Fig. 3A. Sterilization of the internal
catheter lumens may be then achieved utilizing any of the methods described herein, e.g.,
ETO sterilization, or any other suitable sterilization methods. Alternatively, stops 28, 32

may be turned or configured into their closed configurations and sterilization of the



prevent the introduction of mcrobial contam nants into the catheter

| umens. [0047] A renovable seal may be optionally placed upon the catheter
di stal emstoaniossant ed therein to al so seal the distal pomrtiseonsnbtoTuhe

cat heter assenbly. An exanple of such a renovable seal is shown in nandrel

assembly 38 which may utilize a mandrel 4di8ieq ek Nol: NSRRNZBGOMW A N a
guidewire lunmen 24 of catheter 14. A flared seal portion 46 which extends

proxi mal |y over mandrel 44 may be attached near or at a distal end of
mandr el 44 iz¢ropgahetenlomaesmays®netheltss be aghienprdusingootihr eleridzbtipmsmethedsr t ed Wi t hi n

gui dewire I;énq._nbegé, tduiioigh distal opening 40, flared seal portion 46 may
extend at ast parstl al?#y over catheter distal tip 42 and upon the catheter

out er surf deM9% o f or@nca theestariligdtiop of the edthetérdwhens ihagbeemeomp¢ttbther | umen 24
fromthe eQXthétm% r[rl 0\)%t1 0 X@&n‘ﬁ%llflﬁa%%lehsi%nggm %.%ll QQ%LJ?P' r

respective filters 34, coupl ed secure l'uer assé respective
stops 28, 3Inypxhetseone ar Wfé‘@iSt@WS 280 m@ubeeﬂpsﬁﬁtlfﬁtaﬂlzgt)@nm @@n#fdl guration such

that the cemfgn,e.@oﬁ %ﬂﬁasls@hfe%myfblewﬁca&gmtmé biBRin L delag cqm .f onment

through filters 34, , as shown in Fi ati1on of e internal
cat het er | dfefiectivgly 1519@@%&“%6%?@@@@“9@4 the disabendref caheterid eﬁfsttwglds descri bed

herein, e. goladabPnsh@fel Asgemymhe%e&wca%iaﬁrmém ,(tgﬁ}bmm&ﬁn%&& gtégmj on

met hods. Alternafivel y, stops 28, turne conf 1 gur into their
cl osed confl94§0} at i onke Ri#rd a§teewnon zlmmﬂm%baltohem 2 ftar gethet@otekidizativg, the

AVRNZOOBO0 YR, 28 b6 ;mhorp\aaw%%&ablm%%, YR YerlR@ 'i‘(?rtl{lﬂ%&?;édg Eﬁa ?8%'4%}5&& usi ng

other sterilization nethods, g. beam st eri Once the
sterilizat iyt redy tteh’ésséféﬁhﬁélgbﬁ“ﬂlﬁ‘?ém‘ lppsspageadly inflafrdtedpedl2, pvshowaithet er

assenbly ”@éﬁp&%vgﬁé@dd\' a{ﬁHQBa B%EH@IEJ Rk ln?gtlﬁﬁﬁgﬂﬁ@&vﬂré %Hﬁﬁh §slljl'£gkﬂlfl
cl ean room where one or both stops 28, ﬁépbe cl osed |f sterilized in

t hei r openéd ot By ityoyehthohlter 3¢ n@ymas@m %tﬁéyy eb@enéwmﬂva@g@dyz Wth the
proxi mal enge F&yﬁht@c Gak h@ﬁﬂﬁchlrﬂ?as fﬁ&&:bm%a) the%mge@updnuﬁerbaﬁé&eﬂbl y 20

and the distal end of catheter effectively’isolated by nmandrel assenbly
38, thedi ntléraishovedn feg 8B, andisionds may thenbaiuanad et losdepnfigurajion [0050] To

place a st gpdin LRRAvVAPRolaitlah@ahiPAk AR stdligf ter catheter sterilization,
the stop 28 on inflation valve assenbly 26 may be opened (or |eft opened)

and air or (YR8t her fORiicaalalf thseahaieswatemipairghany fither mypection eftestiagist

partially lsm,laaF@st e QAR fd2nsuding HRAVRNESLIGRD 86 dYEstdPs 28, 3246 and 4B.
Because the inflation lunen 22 was pre-sterilized, passi n% the air or fluid

t hrough t h&sPstiveinilaonagg gh‘ﬂ?“rﬁ‘f"a‘f‘ﬁ‘e’?t@r 24 maxbegrpepsseand Gonpliedo ampiEohal | oon
12. Theopolfyabiee &iditssiiked WBiGike ABY 2iP6f RAEpRLB bl ghGepeIRY fiRg Cri nped

upon the b?ilslzt?lghes 34, 36, sterility of the catheter lumens may still be maintained.
[0052] With the stent 10 crimped the balloon 12 and the internal catheter lumens
sterilized, one or both filter assemblies 34, 36 may be removed and the catheter assembly
packaged, as shown in Figs. 5A and 5B. The entire assembly (or the external components)
25 may then be terminally sterilized utilizing any of the methods described herein. Prior to
the catheter assembly being used by the physician, one or both valves 26, 30 (as well as
mandre] assembly 38, if not already removed) may be removed by the physician prior to
stent implantation, as shown in Figs. 6A and 6B.
[0053] Tumning now to Figs. 7A to 7C, one example of the mandrel assembly 38
30  for sealing the distal end of the catheter is illustrated. Mandrel 44 may be comprised of a
material such as stainless steel which is sized to have a diameter (e.g., having an outer
diameter of 0.005 in-0.080 in) which is suitable for insertion within the guidewire lumen
24 of catheter 14. Mandrel 44 may have a length (e.g., 1 cm-160 cm) which is varied so

long as the mandrel 44 may extend at least partially through the balloon 12 as the mandrel

10



12, as shown in Fig. 4B, and stop 28 may then be turned into its cl osed
configuration to again effectively isolate and maintain the |unen
sterilitywo[2008®BF31@ptionally, if the catheter system regairmssomng7iurt her

i nspection or testing, such as pressure testing for ensuring the absenCe of

| eaks, both the stops 28, 32 for respectiyg .altr | unens
22, 24 may be opened and coupled to an air glre HO% RJIsgtjurceg}lz?ncgi pressurl zed.

Because any air of fluid passes through respective filter assenblies 34,
36, steril iddynagfprdvivie strmtrinetiategﬂi@n@rhs carbgterddtidhtindeennadimpiag nmcdnh{ 0052] Wth

t he stent the b n.,l he i.nternal het ns
sterili zede’O](l)Oﬁ)(ra1 or ?go’tnﬁre?se mw%é%lssée |%E§v'§%’,byé§e mandreg% toecr‘riovfaealllgﬁd t he
cat het er assgliibit gacdsagabl cagstes fromrbuckiingaghe sk landplwd andherimpedi r e
assenbl y (Qﬁ tuhen external conponents) may then be terminally sterilized
utilizing any 81"t he methods described herein. Prior to the catheter

assenbl ¥ b¢00$g] used Seyl 46hphysiyde aomproadofom estihimutatial eschZBjcodd) ltaxs wel | as

drel
e iy LI .

Tur ni ng nownd farFpgsimalliistch tliz(tthecmd 46>temp Iaeubmtar sth@tumtccy dlaviag seodiéry 38 f or
seal i ng t h%]}aq'leﬁzg @{ 0. 8(5]74 %f09b hx?an%aatnt?t%}e? 1a1'n§etj f g{%& 5\1}%?@%0 iln ngﬁ 44 may be

conprised o erla such as staln €ss s Sl ze to have a
di anet er ( eligingly hegwiverthe distab enided2 afitizermatheter lﬂfwmleﬁﬂdild'rem‘()isar&@rwdm)ltmmé chis

sui t abl 1% f %le%:\()?eeﬁ&rnleg 4 V\Mtlﬂh&()&t%?asgé“ibq)e X\é g’eglgelgﬁﬁ \Aﬁn%d%ro& ttﬁ‘ee&ﬁ

Mandr el ave a l'engt varle%i]solong as
t he nandreIOPdkﬂngmefembendMewldlowsme haaltipdR] fuid fmoughcatibeishellibiedror 12 as t he

mandr el At t Pe 'ﬁem%%] terguﬁ&{}j@'}!ﬁ&&,@%}(@h@‘&&mm@&%’s sﬂ&véLrﬁgg o al

integrity e cat ring stent cri upon oon -12. The
i ncreased siQ(}SﬁbturaIOrsterserigzaltimprswmdbG abgc’mtmrnauhdpvehetedr44taod canpedt er 14 may

i nhi bi t - or gsﬁw}%@rng?J&ggﬁa@%ﬁﬁaﬁ%ﬁtﬁ&vﬁEisw&g%ﬁ o) e $4nifiba Psilding?! aced and

crinped thereupon e conpris astic
mat eri a5 suwendrs] 44 dgally, thioaglespenig 48 iom) lumert 24, )sshaynbeFlatlfadhecVQB (e.g.,

via adhesi v strﬁ?satfle Panditl a@seq{bﬁlﬁl coﬁ@gle?}t re%@cgjrfﬁlnz cgtﬂgﬁrfluar e proximally

such that the sea ornms a ‘tubu structure avli ng an out er
di amet er ofl0®6D07 i nﬁr@t@g@xwlqaﬁdl mandiehaseembly isrshove mdhe BdOoevy 91-Hgs090 i n)

whi ch may %wtggeghythrs%m%% &ﬁﬁg meﬁﬁ,@r'snmq%zta red 9&1&@&?3&&&1 4 while

mandrel 44 1s inserted Int e guidewre Wth nandr &l assenbl y

38 secur el Proyunillyiabame awpﬁqebﬂbmax broatigthed apar ope i dr*ﬁgal 4@1 offmandrehdd.eFhe14 and
over thg d'ta%t:i%h th'tlQn 42 ma;l b e rRQTTY BHe Gt Q&nin% 4030 bR dr8%49¢ slid into the

guidewire lumen 24 to effectively plug the catheter tip. The plug member 50 may be
comprised of a polymeric matenial such as silicone, Pebax®, etc. which conforms to the
catheter opening 40. Fig. 8B illustrates the mandrel assembly being removed from the
guidewire lumen and Fig. 8C shows the mandrel assembly removed entirely from the
25  catheter.
[0057] Figs. 9A to 9C show yet another example of a mandrel assembly. In this
variation, mandrel 44 may be comprised of a mandrel having an integrated tapered section
54 extending into a widened section §6 near or at a distal end of the mandrel. The mandrel
may be comprised of stainless steel, as above, or a relatively high-durometer polymer, or
30  any other suitable material. Figs. 9B and 9C illustrate the partial removal of the mandrel
and the mandrel completely removed from the catheter.
[0058] Turning back now to pre-conditioning and/or sterilization processes,
another variation is described which achieves or maintains particular post-sterilization

mechanical properties of the stent. The implanted stent 10 may desirably achieve or
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prevent ed between the guidewire lunmen 24 and the environnment, as shown in
Fig. 7A. [0055] Once sterilization is conplete and/or prior to the catheter
14 and crwopet/issaat 10 being inserted into the patient PCEaISde0l06%86enbl y
38 may be renoved by sliding mandrel 44 distally through opening 40 from

| umen 24, as shown in Fig. 7B. Fig. 7C il ‘%3‘%%%°§Ee‘mermﬁ#’6@ Sagmbly 38

conpl etel y renoved fromthe catheter exanple of a
mandrel assenbly is shown in the side VI ews of Figs. 8Ato 8C. In this
vari ati on, naairpdaiuglearamaelrcha@cth@sﬁicmghmh raplice eniaacedion B thelle@X tieufidctad)by

proxi mal | y n 44 ma t nea end of
nmandr el ! elsnerﬁll% %n re Od%rlﬁrénst %Sgﬁgﬁ% “rllasyearcE"g&e ?rﬁ?aglq?lﬂéﬁaasg? "8 openi ng
40 as mandr(eid désirably ad;lb oﬁhc fuﬂlowtnlgehgamdemq engﬂﬁme@Ambxeasebize%t-Swel y plug
the cathet &4 eglﬂatal{ﬁe bmolcj)g 1%%”{9on cturrm’ rma E?IBES%?%? %;518?090[ ya ric

material such as ai I cone, etc. Me? cat het er
openi ng 540 cmFdugran@Sraidiu wﬁhmfremttehe'mmd mﬂiib:assecﬂnk yedineion ¢n axedibvedl from t he

guidewire | ] L ¢ o nde e d irely
fromthe ca#| Eﬁ?eenﬁ%f%@ﬂ»%&%?r_a f& £9 o gﬂ {5l ““’8? urg)ﬁﬁ%h mé)%? g "ﬁ‘é’“of a
mandr el as serivknt.reduntidnhin giaveter af beowcen rswqmo/eiwmequ ﬁ’agtmbéormampfwlmd of a
mandr el Y)'laggh mexl :p(% 3%19?10%@pe5 qﬁ“b‘f aﬁid"/o rad1 Xt eﬂ(()jr{ \ngen:j)rllz;[c(f?d und‘é:\'1 dened

section 56 near ‘énd°® e mand
conpri sed @ﬂoasltoaOnIPeQiN steel, as above or a reI atl ver hi gh- dur orret er

pol ALY :{D oth eg%ﬁﬁn{[% tﬁ cf%ltllh we n% rys%aﬁhr%1 mauonuo%’ttlg ate the

parti al of t conp ete y fenoved fromthe
cat het er. [S@@GBz}terﬂﬁrcrhlpwg, tbat;klyrsmwht«d spnema:;obwchbtq tomangplmWr@natt erilization

Processes, %f?ﬁlfﬁﬁ of”f’sr)o %S%%H% h ?hofiﬁ&l Jvé??hq o4 oo % V??%oodoo ']t ai ns

partlcular st-sterTli zati rop ertl%es 0 tent The
i mpl ant ed sthdmproyBlingeyghcredinlrsabhgth tecdhi lel/s- Sdﬁ p&ttlcmmbygtmatﬂoe’t caNgpression),

AMRNZOOSO00MR IR it Ao pse,gat%gé@%&ﬁ% SIHRGHEEL FhlfitlLC sk Gefih! 17 enhanced

or at the | east sterl |za I on i nstance, the
stent 10 nwyhibithg b&ef@gufn’aﬁem@rmhmold’&‘aisq;ondmem(@rgdlijeéilmedyblys wide) of the

fol | ow ng Q%ﬁ;{l?ﬁlggfoh tﬁ(ﬁﬁ)OOel illiofl ¢ Ileqraxiap&';rﬁ)?e%gopynd%(lesggdﬁ%/ A t he

i nfl atabl e oon W t hout ract or mat | on curve u 0 180 about
a 1 cm cur 860t e r adixamplgk phadents @ﬂa@wﬂeoffmmmngmﬂenmém’wb&tcha per cent

reduct i on iR gt prbeRls h@{h ,Pﬁ}%@?@ %é&"{%ﬁ%%‘(ﬂetsm}{&t BE POLALS. h&%gl frat | on

when pl aced under an axi al t a percent tronin aneter of
bet ween 5YRROIOWR ensislsscribedsintfuntleer Hespitint {5 nPahAenp. P B39 ditnddrne?0g 30A3r essi ve

| oad; apd %ﬁ&‘li?hés 25320 @Jﬁ@éjigabO@etzﬁfl mtngﬁ]lsvmppopzlt@ﬁ%geup%ference n

its entirety.
[0061] In yei another variation, the balloon may be inflated and stent mounted onto
the inflated balloon prior to pre-sterilization. The assembly may be then sterilized using
ETO sterilization with an operating temperature range of 38°-50° C and RH of 20%-80%.
25 The stent may be subsequently crimped on to the balloon in an aseptic or semi-aseptic
environment and terminally sterilized by using VHP sterilization. The purpose of pre-
sterilization of the inflated balloon is to eliminate the need for inflation during the
crimping process, thus reducing the potential for introduction of bacterial load.
[0062] In any of the variations herein, the bioabsorbable polymeric stent may be
30  selected from the group consisting of polyethylene, polycarbonates, polyamides,
polyesteramides, polyetheretherketone, polyacetals, polyketals, polyurethane, polyolefin,
polyethylene terephthalate, polylactide, poly-L-lactide, poly-glycolide, poly(lactide-co-
glycolide), polycaprolactone, caprolactones, polydioxanones, polyanhydrides,

polyorthocarbonates, polyphosphazenes, chitin, chitosan, poly(amino acids),
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a load of 0.1 N5 N. [0059] Depending on the nol ecul ar wei ght and
crystallinity conbination of the stent materials chosen, the fully
sterilizewOo20mmB53my be able to nmaintain its original cPrgstskemonsengo of
25% 35% and a nol ecul ar wei ght of 259, 000 g/ nmol to 2, 120 000 g/ ol while
providing high radial strength (e.g., 0. AMh NR ?ert IMRRYbEboR o 20%
conpression), wthstandi ng consi derabl e am)un?’s st ral n w t out
fracturing (e.g., 150% strain), and exhibiting high fatigue |ife under
physi ol ogi galyotiorsletsi cdigsméxe }g>,moj:®1ymbﬂsl mﬂhylcy@laesmmgle:nethadjlah apt}’llse | oad),

200, 000 - 1mi,lliQ under, axial ggr’gg | oads.
[ 0060] Exa]ac gs orlrﬁ%éent g ?n%fm dr& o?:%é’% ’éyeﬂfy “‘h’gsﬁehg such
mechani cal gpfccxpe:mtyles g\MQBxG'hmBlhwjdate,pn@thl}Mmdt |etha<znylagu¢ehgyxsnee|vmb'l zation

processes her.ei, n and i,n_ furt in U S Pat.

157 143 TR8hE pAAE (SRS S EREIAEE v oruidpiSl pPF LY ikdmeo " o000,
each of Swhipolyjexsméthderepdipané, ;Imeyeeamethweneetbéafcenwamlde irfnsetlgidnier et y. [ 0061]
In yet anot, i nd.ste unt ed
onto the in él?aYeang B tox%ﬂ% Q[% Sglg&eé@xéﬁlﬁma? p%tl ﬁBT$ ‘m‘“°§af{’1?’rbr3 may be
t hen steri Ipplzvédwhanl\g @i@cab@ratel) ipehyryanpaciylath, mlypquehabnmgletbehqmrlae ure range
of 38-50 C 9% .. |rrped onto
t he bal | oon ?rjhgés ti%:%grgcsdé%%thgégl tz}cgiﬁ éc%yidéﬁ%%%‘ii&éy{ r’?lm hal |y
sterilized hwrowlwgm‘dﬁﬁtrslaerglyaezbdtsctrmlme gyenpurefnsylasd mpthegylemidej zat i on of
t he i nfljat n 1. f | ing the
crinpi nlé) p?glgg'giah?&hﬁdsd%P éﬁﬁ@%’lﬁgk rpﬁlggﬁ%'? lzdn %ﬁjlqnaﬁlgrﬁs alnﬁ IL é}lj:gpl e%ﬁf of bacteri al
| oad. [0062906Bh any Bfeapﬂe:a&imsiOQtﬁedrssloweruevlemt,‘lontdwubled)aiwombabi lenipd| yneri c
stent may nsi.stina.
pol ycar bonl;ft(tflcee‘zt(sln 9‘?“3%?5 ngnklgg @gfs%ty&neregfr)ﬁﬂzgi%lﬁ %gfo?/ er e(%h/ Lg{%gne
pol yacet al sncltpielay)ketr@esof qildr pracessérareatmened, g arédsmof tlpcbb«}setMydl’émon of
t er epht hal I
pol y(Il acti g%edgg &e)é&rﬁj% 'Ireﬁmgg%dz%%?%qg;cetaﬂﬁng g‘ga{%r%IL%l%? J(J)r?nganatlf)nscfl toxanones

pol yanhhidr iaghests Ob@if: yyentivn dlzat Bsvhviews, tomlswihbélphdzeanesre m:tlmdempbechl t osan,
pol y(am no G il chLé &n&emsma}f@tmm ver, AR Qg@pqmnggmg{am?@&ﬁr S, .
ol i goners, honopol yners, ceryl at’e, acrylate acryll aci d,
met hacryl i éxamnles, are@imﬂoametedrwélpre%ylemgﬁda@bg/wahle thejsgete@k {hes hy |
met hacryl atggcloflysevdl. scrylate, glyceryl methacrylate, nethacrylarnide,
et hacryl am de, styrene, vinyl chloride, binaly pyrrolidone, polyvinyl
al cohol , pol ycoprol actam polylauryl |actam polyjexanethyl ene adi pam de,
pol yexarret hyl ene dodecanedi am de, trinethyl ene
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carbonat e, poly(b-hydroxybutyrate), poly(g-ethyl glutamate), poly(DTH
i m nocar bonate), pol y(bisphenol A im nocarbonate), polycyanoacryl ate,
pol yphosphezerassiret hyl ceryl ate, nmethyl methacryl ate, RCTHUS200Q06L740
met hacrylic acid, acrylam de, hydroxyethy acryl ate, hydroxyet hyl

met hacryl ate, glyceryl scrylate, glycer ylAt%eQ%ENJt%?’AMEN%G&%MW de,
et hacryl am de, and copol yners, terpolyners and conbi nati ons and m Xxtures

t hereof. [0063] The applications of the .disclosed invention discussed above
are not limted to certain processesCLAIMSat nents, or placenent in certain
regi ons of the - mmy i nclude any nunber of other processes,

treat nents, and%gégglgﬁedﬁe body. Modification of the above-descri bed

met hods and devi.cAsysdian far aterijzimgya calietdr hesembly srotriposipg:and vari at i ons of
aspects of the | I Vi t,0 t f i inthe arts are
i ntended to be %/\npa;ﬁ%‘l%n h?\ﬂjéé g@%ﬁg{ag?%‘?ﬁ?gtggﬁngtﬁngggégsf 8%?’58%/%? r,‘:ﬂ’\r/?'il ﬁ’ous

conbi natdi ons of oespevrsvabet pestirned ampresmareed af hocatimdrengindtuidd and are

i dered it hi: t b ' | 1. A
bocket No. P AREREBISh AL IFRRAGHGlen, hely l BE Ry S cop il
sterilizi ngetaveernarheerad aad slesdd| cpnfipoationi si ng: a cat heter havi ng a proxi nal
end, a distal e@ﬂ:’or%ge ?ﬁerg rﬁ)@ﬁl%m&ﬂg ﬂIqurE%& tugl%gﬁog\wi&"{?{]éneog%o?g more val ves
end of t in tiurd

positioned at a proxim e catheter an conmuni cati on
Wit h t he atrespestise vadves; dndnen, where the one or nore val ves are configurable

bet ween é)an Open?ﬁis@ﬂéﬁd%a@%vﬁﬁygg&#ﬂh@& inotﬁ'é at 344§t ARG 1Tn %t Ihi ld}sgﬁ gndpogSi tioned
th the i , a

in fluid communi cation w ne or nore respective valves; an

di st al end theeatheier wbomthedigid snd feshiselatenthe hideast odedwmen wirpa posinesdat t he

di stal endgfgishienEthelBlererWere the distal end seal isolates the at |east
one | unmen when positioned at the distal end of the catheter. 2. The system
of claim1 further conprising a |uer assenbly coupled to the proxi mal end

d defini i i i nf. i h. 3. Th
and defining a guiglaWiitg oF WaRN ﬁmgfeagkgghgs |u99asL4éu§)5§%$i gﬁa%dﬂgoug e

systemof claim1 whérein the one al ves e a stopcock having
a st op ConProyima prdandaiefipiaga grdevvpelnmen anddndnitssion lugsn thegaiiravsbon. 4. The
systemof claim 1l wherein the one or nore filters are coupled to a proxi nal

end of the one or nore respective val ves. .
3. The system of claim | wherein the one or more valves comprise a stopcock

having a stop configurable between the opened and closed configuration.

20 4. The system of claim 1 wherein the one or more filters are coupled to a proximal

end of the one or more respective valves,

5. The system of claim 1 wherein the one or more filters comprise a micro-porous
filter.
25
6. The system of claim 5 wherein the micro-porous filter defines pores of 0.2 um

or less.
7. The system of claim 1 wherein the distal end seal comprises an elongate
30 mandrel having a flared sealing portion which extends proximally over mandrel for

receiving the catheter distal end.

8. The system of claim 7 wherein the mandrel has a length of 1 ¢cm-160 cm.
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5. The systemof claim 1l wherein the one or nore filters conprise a

m cro-porous filter. 6. The systemof claimb5 wherein the m cro-porous
filter devOnew/sssies of 0.2 nmor |ess. 7. The system ofPCEIus2imDeawher ei n
the distal end seal conprises an el ongate mandr el having a flared sealing

portion which extends proximally over A6l het er
distal end. 8. The system of cIa|n17 where%nCYEgcﬁ% re agbaﬁigﬁ%th of 1

cm 160 cm Attorney Docket No.: AVRNZOOG60OWO 9. The systemof claim?7

wher ei n t he man@r €he dyasma)fdiaametvaereisit}meﬂartdrxlbaasdizimiaéils;zeil nerstiddly nt o t he

at | east one quet Q RYS steniof claim7 wherein the mandrel has a
othea letast oae \%(

| ength suf £ &1 en “Feast partially through an inflation ball oon

positioned near or at the distal end of the catheter. 11. The systentof

claim1l wherei Ny 6hﬁ1e sys aim'/s I?rem nlialnar%ﬁh éslrtilee stgﬁ%c?enp% €X Aa aVI ng a
pl ug nenber sized |nser on I'n e cat &r's en

syst em of ddaati partbiij draigh ah Irréladmsltaaboxawdmsmaﬂ neammar the distab¢ndef dreg at e mandr el
havi ng a ta%gggd portion sized for insertion into the catheter distal end.
13. A metho of sterilizing a catheter assenbly, conprising: providing a
catheter having a proximal end, a distal end, and at |east one |umen

ther et hr .Oth s ?r#}ie sﬁétéiig oﬁ{]aiinnli \%iiére?iii disial gncf’ist iil c%%%%iﬁegggelog% g seal i ng

t he proxi mal end east one unen sea end of the
at | east omenfighewingaekngtrinatber hieed fonssertia iiltscoﬂmaéidtef dismiemd. envi ronnent ;

and, stgrilizing an exterior of the catheter. 15. The method of claim13
mhereln sterilizing an interior conprises sterilizing via ethylene oxide or
radi ati on. 16. Thelheeyftion obflaigl hvhardi@ thetdetabeml welaompyses heelongad mal  end

conpri SES ﬂeﬂgwﬁ)gg% Qi%\é‘é)oﬁﬁii YWE oPlns i%ri igio (il &aﬂi&tei' Y endl /- The net hod

of claim1l erei ncseal pr oxi ma conprises actuating a stop
froman opened to a cl osed conflguration.

13. A method for sterilizing a catheter assembly, comprising:
15 providing a catheter having a proximal end, a distal end, and at least one lumen
therethrough;
sterilizing an interior of the at least one lumen;
sealing the proximal end of the at least one lumen;
sealing the distal end of the at least one lumen such that the lumen is isolated from
20 an environment; and, .

sterilizing an exterior of the catheter.

15. The method of claim 13 wherein sterilizing an interior comprises sterilizing
via ethylene oxide or radiation.
25
16. The method of claim 13 wtierein sealing the proximal end comprises sealing a

guidewire lumen or an inflation lumen.

17. The method of claim 13 wherein sealing the proximal end comprises actuating

30 astop from an opened to a closed configuration.
18. The method of claim 13 wherein sealing the distal end comprises inserting an
elongate mandrel into the distal end of the lumen such that a sealing portion of the

rriandrel occludes the distal end of the catheter.
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18. The method of claim 13 wherein sealing the distal end conprises
inserting an elongate mandrel into the distal end of the |lunmen such that a
seal i ng peotzoowvssfi4t he nmandrel occludes the distal end @®CTiUs$2009/069740

cat heter. Attorney Docket No.: AMRNZOO600OWD 19. The nethod of claim 18

wherein the el ongate mandrel conprises a {|a{5% 1N 97 RN Lch
receives the distal end of the catheter ir1t0ar$90(§)(§3%3l§lohg nnnr?gregbo 0. The

nmet hod of claim 18 wherein the el ongate nandrel conprises a pluggi ng
portion which occludes the distal end of the lunen. 21. The nethod of claim

13 further co i si.ng intreducing a gas,or fluid into the at,|east one

| umen to at |g§§'$§§r eiﬂ?ﬂdlog C?‘h Ilgf‘gergmz?fl ﬁl%lg?]te&?g‘llirte lltcé’ﬁlé’ﬂseélaoﬂr?be%t he cat heter
prior to seedlinggoribewpichxdcaisbs tbadistalédd ol the carbdtéronl awbcchudiigmmadndr. wher ei n t he
gas or fluid is introduced into the at |east one lunmen through at |east one
corresponding filter such that sterility of the lunmen is maintained. 23.

The net Fod of cR@&iTheazethadrdf okim ¢®wheremitiregelarghtapiandrebeosipeinds apbhugginghe

bal | oon. 24 .: th cl. aj urt her conprising renoving the at
| east one f’?'}gr@v_hr%g.ca%gthﬁedfﬁ%gh%%tcel lgl%ﬂf:nﬁm further conprising introducing
the catheter intravascularly into a patient body to a vascular region to be

treat ed. 26. Th?{.rﬁémﬁ%o%fof%iaﬂ{; ! ﬁl?thfelucromggmé:1%“9&1Jc1sr{g%%ase§rptﬁﬁglnp(gthg he stent
via the balloon to deploy stent.
at least one lumen to at least partially inflate a balloon positioned along the catheter prior

10 to sealing the proximal end.

22. The method of claim 21 wherein the gas or fluid is introduced into the at least
one lurﬁen through at least one corresponding filter such that sterility of the lumen is
maintained.

15

23. The method of claim 22 further comprising crimping a stent upon the balloon.
24. The method of claim 23 further comprising removing the at least one filter.

20 25. The method of claim 24 further comprising introducing the catheter

intravascularly into a patient body to a vascular region to be treated.
26. The method of claim 25 further comprising expanding the stent via the balloon

to deploy stent.
25
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