WO 2010/085314PCT/US2009/069740 Attorney Docket No.: ANIRNZ00600WO0 STERILIZATION
METHODS AND APPARATUS CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This
application claine A PEREK of priority to U.S. Prov. App. 61/145,932 filed 5%@5&?‘?@,6%669, which is
incorporated herein by reference in its 5entirety. FIELD OF THE INVENTIMOOZdThe resent invention
relates generally to methods and apparatus for  steriliZ4RSFoPRsATHE At ’é’ﬁg Wg\ﬁgédical devices,
particularly catheter devices and 10implantable prostheses. BACKGROUND OF THE INVENTION
[0003]There are several commoSKERIbIAKIONAMEFHOBHANB ARRARAHA, including, dry heat, steam
autoclave, ethylene oxide (EO) and radiation (gamma and E- 15 beam). There are also newer

sterilization options that utilize kyadsegaEPESENEE T REZDAr¥apOsMVictrasg effective sterilization methods

for highly resistan e formers, nop-spore forming bacteria.and o icrgorganisms. [0004]However,
many of these traji??ll%%fal steril‘fégtfigﬂﬂr%aég 10 s',“ésun'h%?éf?gfr'cﬁoi rborwﬁé?tgﬁr%?ét% > which reduce their
effectiveness. ForGHafarée fMnd apimeafAv s »bidrs eatriralpdibetip by mierense iaf!160-170 C for a
minimum of twso hewtt&tput 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 25instruments. The applied stean TedehEs IFINYENEGN o pressure chamber at 15 PSI. The

[0002] The present invention relates generally to methods and apparatus for
sterilization of temperature sensitive medical devices, particularly catheter devices and

10 implantable prostheses.

BACKGROUND OF THE INVENTION'
[0003] There are several commonly known methods for terminal sterilization,
including, dry heat, steam autoclave, ethylene oxide (EO) and radiation (gamma and E-
15 beam). There are also newer sterilization options that utilize hydrogen peroxide (H,O3)
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.



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 materiglg,z(‘]é%?&%lf‘ and instruments. [0006]Another methods utiIizé)gEWPg?(gG&‘t?de (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 steriIizatior(,*inﬂ?S/Ds‘iﬁ}f%%?ddﬁW?&PgOggr?ain medical
devices, namely bioabsorbable sterns. Attorney Docket No.: AMRNZ00600W0 100071Gamma and
E-beam sterilizatidA%% hnothe Faretiaadddhberuserd iraditatiornothse recthes sffisbtuses prdfpieeric materials is the
same for both. Gawnna waekecheaBlnierilizatignitypisalynrubiects. deaitesatQ Erediation sterilization but
polymeric devices, inparligilar.n'zvitably. e aifeded. Ry e radiation and wilk gxperignce changes in
their 5 polymer structure (su@h as chain scission and crpss-hn INg). These processes may lead to
significant changeBeHifd ¥ iBriieaPaliterd e ShaditirraphyAtioR e e dRrgsid i strain of such
polymeric devitespfurthrermmaue, (Hoehexabiicheasjesind masthaking| Jiepeptiessmaamaydtdadmmediately

apparent as there ganrensamg dma delayiRilb e deuelomIealA thesathanges. 2iea81Another
sterilization furthertirngnluges Vaporized I-‘%:dro e.nhPeroxi e QVHP sterilizatioE V\llhich has.been generally

! 1€ b devices, Turt ; : -
applied for sterilizing medicalrdevices M Hospitale onawia s StETEstis sy BEEETEh a relatively

low-moisture envirdfaeedreeditipemrpenicssharrsbeomidigedelrliy aidarslereesitetilizing heat and
moisture-sensitivedtsensapées delicate instruments. Hydrogen Peroxide is an oxidizing agent that 15effects

sterizaton Uy oygHon of Key GRlL RATIRSNANS 9,9 NSMRIARG i, PINA g g essentia

constituents). These chemical interactions at multiple biologically important reaction sites’are believed to
be responsible for ¥ EREVAGT Bt asBrEUN AR IAY S98liraempdrat dreitradebrigflethod of
sterilization. VHP scaldvalierSativieaeiiiC/ Bitolization riiviP stendizatiomdoesmotapenetrate into the

devices to 20 be sigrilizadraR{ueh e BT {2 cHOWBVEiBRIGSR IQWHERRGIAIHISRRD moisture, VHP
sterilization does offer othtgr sigﬂf{i%?nt advantageslgvde“r) Igr]'g Stegilization.i . cludin%te cellent material

T NnSIfive 1 . 1C ns mefts TOX .1s an a at .
compatibility and Short cycle ime. SEIKE CHIST Sterflizafion modalities, € imitations. Because

VHF sterilizatlén |&€ke trererion e sdatinmnébpite Frrocosmaisen Gasprhves/lwidst be present.
Medical devices sDtnamma bRdrEAeatidP Jhstatéie rshaithiemivihoatst stentsamaltijied on to the delivery

catheters may corgpsise IRIAfYSLIPRSMAHIAL MERARSIR B./R0H5 R ADSALMpip Juminal diameters

as small as 0.008". Such conflguratlonsgresent a significant challﬁgge for this method of sterilization as
i

VHP sterilization i€ §EWSF AN AP AN STTRSHAtFR ARG an B ehefrd i T8 tRh YABYE dmen lengths.
30[0009]Because 8fethetive linkiltierdiztiorchis YiiReerfortontathod: tratigteapabiedsfices o
20  be sterilized as much as ETO. However, 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 c¢m 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.



sterilizing devices with complex geometry and high-sensitivity to temperature and radiation exposure.
Attorney Docket No.: AMRNZ00600W0 SUMMARY OF THE INVENTION 10010]Bioabsorbable polymeric
stents are espe(v,m@}’ LefSiNe to temperature, radiation, and moisture preel.)éw HEAE0AA sterilization
processes. It is known that temperatures used during sterilization, e.g., ETO sterilization, can result in
cracking of 5polymeric stent struts during stent deploymé\ﬁ’tofﬂ?é P&%&Q?-@MM%WSW& [0011]In one
embodiment, the stent may be constructed of a bioabsorbable polymeric material with a Tg (glass
transition temperature) between 40-80 GUiMifdtih @h EXpERGEN TN, this stent may be first exposed to
an ETO sterilizatignopepcess viitbubeothataaipoperat e ie apespéuialy 3agrief B%mp&dumand with a relative

humidity (RH) of 2086, h080%n SiRe s issiarliFalan IEMPRIRIS ISaL af PEIQW g Ts of the stent
material, undesirable thermal effects and deterioration of mechanical properties may be largely avoided.
The stern may be 'SUBERHTRSATEF HASSE THIECD it R RSBl Rttt GRS &AL in an aseptic or
semi-aseptic énvimmment.sEhesagsdnivly steriddhieymendrgo enterofiimatlstehifiviation step utilizing, e.g., a
;/ap?riz?dhhydrogqmpﬁl]roxide W&ﬂ?kxﬁ&a&ﬁﬂéﬁ?ﬁ@@fﬁﬁlﬁw@dc@ﬁt}?@ﬁt@%@ﬁ m&@m%igperdature almdf?%H .
evels of the VHP sterilization process anical properties of the sten adversely affected.
To further preserv‘éofﬂg%'ﬁcatﬁ%%%ag%&drtfggg% %{rg?ﬁft an e&lg?%‘fée)o e ﬁh:mg%%iza %ﬁnﬁ?ocess
parameters may HrReafukieaNolS SR EmRsakisnesg e pe kbl sodizirepetectiriatbeishr - 10 hrs, and (3)

concentration of SQ%peﬁ%mﬁmahm&rmdgkeobysweigfm.ﬁ@i&@ﬂ}ﬁﬁi&&xﬁi@mﬁ(@)aﬁ‘m steri_lization, a
nitrous oxide ms%%t%iumﬁﬁmqgnwag%@Mili%ggémghraéfmgﬁ%nmmmtc'a"y available from
m

Noxilizer (Bethesda, MD). The catheter assem be exposecfto nitrous oxide, e.g., from 10 minutes

)y may .
to 1 hour and at a PSRIMPEERRH EPst and Aerieratone B Ehaniee RRRSEess B iRt I¥EERd as necessary to
ensure complete devidsd sidrilizcationy D6 ODES}MbttranrhirodinTent folined ivthatindetiversterility of catheter

lumens may incorpartateithe 488i0boRmPIBpasRIMIcARRraus fllarsi(edly Hed aRQE filters) coupled
terminal sterilization step utilizing, e.g., a vaporized hydrogen peroxide (VHP)

15  sterilization method. Because of the low temperature and RH levels of the VHP
sterilization process, mechanical properties of the stent may not be adversely affected. To
further preserve mechanical properties of stent, an example of the VHP sterilization
process parameters may be set as follows: (1) temperature range below 60° C, (2) cycle
time of 1 hr - 10 hrs, and (3) concentration of 50%-60% normal peroxide by weight.

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



to a valve. A luer assembly having one or more valves (in either an opened or closed configuration) and
filters coupled thereto mag/ be used for sterilizing the catheter assembly. Furthermore, a man

drel
assembly may AL B GES Y or blocking the catheter 30guidewire lumen fol ﬁ%@r"f@%ﬁﬁ%ﬂg the catheter

assembly. 10014].An inflation valve assembly, e.g., uni-directional valve or stopcock, having a stop or
valve operable between a closed and opened configurati‘éﬁ"ﬂ%ﬁ% Qﬁ‘irﬁmmﬁ%ﬁ'ﬂter assembly
coupled to the balloon inflation lumen extending from the luer assembly. Likewise, a guidewire valve
assembly having dhs@pdevvalvecmady Hadeyip leohdn fihgtasrrab D ovkde Nowp RN TIOGOOWO the guidewire

lumen. A guidewirgdwarendiiepassamihs Mnayhercaidnie dory aximaly indhamvadasebly. Utilizing 0.2

pm or smaller pore }Il}lecﬁ&g}a Rreven St%olpq%rggggtpln of microbial contaminants into the catheter lumens.

[0015]A removable seal may be optionally place lj'pc;lﬁn% & catheter distal end or Sinserted therein to also

seal the distal portfH3f the cAtFtaYaR st By ersicnpy alesed yeepdbratibrisndlistdeavray utilize a
mandrel sizedsfor inserdomewithimaogaidewidatilipeivobiiie cathetassdnbiarethseahperéiion which extends

proximally over the,mandel mBrRuAe-AHARMH AR ala fistalrnd Rfdhe.Randisl fieh, that when the

mandrel is insertedf\%igrgi%]the gui[flewire Iumen thg‘)ugh a distal opening, the flared seal portion may

extend at 10 leasP partaly Svet (RS ¢SRS A TS S UBSHIAL YR e Patiis! Bd¥Bte to form a seal

y over
effectively isolatingfisbeg agaesertiadignl fsiithe mandrd Avak febwbep feammidgl intrsedtsdtion of microbial

contaminants into WheilunReenidakalnekhe srad s asspmblian-anctdRell pesReaiMetkgiscoupled
securely 10 3 IUSL APREMIRYL/G FREGMEPIBRR MANOEHECRLEPNIBUIER IR RR-0Peled

15configuration such that the catheter lumens are in fluid communication with the environment through
the filters. Steriliz&f5RSTHHEIATBEHT cAPRETPMEMENR hefP HoTHer srdrerrapting Mg sitPof the methods
described herein, ef gucieti@d) stgrilibaticnponialymdher suitable sterilization methods. Alternatively, the

stops may be turnpgief configurarkiataiheitciased sanfiguationsand sterfrationefths internal catheter

i R e

15  configuration such that the catheter lumens are in fluid communication with the
environment through the filters. 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, the stops may be turned or configured
into their closed configurations and sterilization of the internal catheter lumens may

20 nonetheless be achieved using other sterilization methods, e.g., E-beam sterilization.
[0017] Once the sterilization 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  isolated 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.



[0017]Once the sterilization 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 steriliZ&8 ﬁqlt%éﬁf‘%f)ened configuration, otherwise, they may be left %Féggz(?f?Wﬁﬁ‘ he proximal
end of the catheter effectively 25isolated by the luer assembly and the distal end of the catheter
effectively isolated by the mandrel assembly, the internaf*¢StRetEPkRH RS ANFNAMANReir sterility.
[0018]To place a stent upon the inflation balloon after catheter sterilization, the stop on the inflation valve

assembly may be [BpEted (or (aftapinetihardhaieroy wamotherfsmnfathtransessed dahrsurgh the filter to at

least partially inflajecthe frellaanefasaisastiing 3Q inlatiovdiarennasdigsiRtilizgebipassing the air or
fluid through the filter may g1airatain terilit}/ of tge lumen adnd bffllhoon. The %meric stent (which may be
inilation an a < nd coupled to an u O a

pre-sterilized) may be crlmpgal ueﬁ%rr? the ballodn and the stop Fnay thed'be tirmed into its closed

configuration to ag&itrefettiberrsamtenpid midnitasn e etirhe fegtesiins s psteadliSocket No.:
AMRNZ00600V0stei1L9 KD piicadbier thasaihettiteysigmited|uires any further inspection or testing, such

as pressure testing§ggensuringieabse o5k gk QAthNESiRRs. (L ieaPRVE inflation and guidewire

lumens may be opened and coupled to an air or fluid source and pressurized. Because any air of fluid

passes through theTEEEE e heah Wit aHBNRLesSu% AR fF B R PR ARy still be maintained.
[0020]With the stemtksindpddicthetitsadionbhir{or the dxirseplaiominetes) adhen bedeifiziealyone or both filter

assemblies may beergnavad-andihercrheies AsRemRY Rackagask J e emtiterassamply (or the external
components),gay,then b% ern in IIX %[erilized %E’kl‘%iﬁ‘%sa&}é@%f the nag&lgoqlse dhescr.ibed.h rein. 'Prior to the
ot

b ] ) \ bi S ..
catheter assembly ell%%lésl%g Used )3l/t enp(ﬁlﬁglrman, one or vanes r%ayB removec Oy the physician

prior to stent implaEAfBA2ABIR?1] Turning back now to pre-conditioning and/or sterilization processes,
[0021] 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 may desirably achieve or maintain
15  mechanical characteristics which are either enhanced or at the least unaffected by the
sterilization methods. For instance, the stent 10 may achieve or maintain at least one (and
desirably all) of the following characteristics, e.g., a diameter increase by 5%-80% via the
inflatable balloon 12 without fracture formation; may curve up to 180° abouta 1 cm
curvature radius without fracture formation; exhibit a percent reduction in axial length of
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-5N.
[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
exhibit‘ing 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

o



another variation is described which achieves or maintains particular post-sterilization mechanical
properties of the stent. The implanted stent may desirably achieve or maintain 15mechanical
characteristics Wi A& Bither enhanced or at the least unaffected by the HEMIZRGY A& hods. For
instance, the stent 10 may achieve or maintain at least one (and desirably all) of the following

characteristics, e.g., a diameter increase by 5%-80% via tHE M Res5R B YRN8 tracture

formation; may curve up to 1800 about a 1 cm curvature radius without fracture formation; exhibit a
percent reduction #Adebd4Bfetigthlest Pocd@nincrcnat Sthoghitrromdieiednscio imegiesenggien placed under
an axial load; exhiitairpgrcent reduction in diameter of between 5%-70% without fracture formation

when paced undah@aPmpreskiy RgfARRashiil g i Ak dERrIRtan ISR aaged Under a load

of 0.1 N-5 N. [0022]Depending on the molecular weight and crystallinity combination of the 25stent
materials chosen,‘mé“f%fﬁ)’%?‘iﬂé’&‘gt@rﬂrﬁfé?’h’é‘té’ﬂle% A e B gt R of 25%-35% and
a molecular weightsp 28600 gimbhio At 06Gperancd it PI8AHTIING digRIadi20%tretgth (e.g., 0.1
N-5N per 1 cm lengihsh Q% sompegssion -wishsiansinossmsssideiableampuais aksirain without

fracturing (e.g., 150% strain), and exhjpiting. high fatigue life under physiological conditions (e.g. 10 million
cycles under 30radial purse l%’géﬁ%ﬁ{%ﬁ ghfe%?f ig%g’éyc#gisﬁﬁ eartg%a%e Bre&8ldieand torsional loads.
[0023]Examples oft&tbréonntithadtned bt prp e sipinte ths traditeg islieiomisehaieal properties which
may be produced diiligimgptbesianilizatiompiae pasamheraitarhomeasshtieacribed in further detail in
U.S. Pat. App,12/143,659 filed June 20, 2008 Attorney Docket No.: AMRNZ00600WO0 and 12/488,453

filed June 19, 2009, each of which is incolrﬁ%orated herein b¥ reference in its entirety. [0024]In yet another

variation, the balloon may be inflatetRAHo SR ROIMEF BiEAHANES balloon prior to pre-sterilization.
The assembly maip®slthen stErilizetionsingds BROoSterilizatibrivitolamoapesratingitdmpeibature range of
380-50 C and RH @f:20%-80%. The stent may be subsequently crimped on to the balloon in an aseptic or
semi-aseptic envirg nt and.ter, silpoz%slls\/ass'ggrilized PX %§ingr.\/HP sterilizggon. The. urpose of

- . 12, . VICW 1C, stent.c € on.a sterili . .
pre-sterilization of[the nflated balfoon Is to eliminate the need Tor infiation aurlng the crimping process,

thus reducingd the tbesmtatemblintrbigh ews ot paiceddar ya¥™M 0 BRIEF DESCRIPTION OF THE
DRAWINGS 100280Fip. 1 shows3a sideviaidofian @xamplesahiayakimanie stanksvaick may be

either an opened or closed configuration) and filters coupled thereto for use in sterilizing
the catheter assembly.
[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.



sterilized. [0026]Fig. 2 shows a side view of a polymeric stent crimped upon a sterilized 15balloon
assembly which may be sterilized as a system. 10027]Fig. 3A shows a side view of a luer assembly
having one or mofe %ngl(fn either an opened or closed configuration) and ﬁﬁg{%z%%(?ﬁ?éﬁﬂthereto for use
in sterilizing the catheter assembly. [0028]Fig. 3B shows atgartial cross-sectional side view of an inflation

balloon 20 assembly coupled to a catheter and having a MaRSYer &&&EN I BIBNGRS R Catheter lumen

for use in sterilizing the catheter assembly. [0029]Figs. 4A and 4B show respective luer (having an
inflation lumen op&¥&8l) and bEitodr ResEmPEa giitts-scponaadicyiste of thempesticbes ™Y balloon for
sterilization. [0030jhigg. st andenBlg unsaspe cliv erduathéhading taa. valves closed and filters 25removed)

and balloon asserpiigs fully sierilized, [ASTIFIGS, O ARI.ER SAPUISIRAGME Jer (having valves

removed) and balloon assemblies ready for use. [0032]F|%s. 7A and 7B show partial cross-sectional side
views of one varialfSiPiehnars! a8ehhomerrbien fe A tenridr spltsfhe catheter. 30100331Fig.
7C shows a partiald®idts-sectibopdiGitlewseneohiversmagrdretlastenebl pihbeimgded aredlyal for placement

over the catheter distal @ g IQDRMIGIOS: BAeARE BB shonnpariatsrags-sectional side views of another
variation of the mandrel assembly removed from the distal tip of the catheter. WO

2010/085314PCT/US2009/069740
DETAILED DESCRIPTION OF THE INVENTION

[0038] Medical devices including catheter delivery devices and implantable stents

10 must be able to withstand mechanical loads that are imposed during delivery to the
treatment site (such as loads imposed during intravascular delivery) as well as post
implantation. These loads may be in forms of pulsatile, torsional, axial, compressive
and/or combination thereof with various frequencies and amplitudes depending upon the
site of implantation. Stents should ideally maintain their scaffolding properties and

15  structural strength and integrity under these loading conditions. Thus, any compromise of
their physical properties during sterilization may result in a mechanical failure pre or post
implantation.
[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  an operating temperature range of 38° - 50° C and with a relative humidity (RH) of 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



Attorney Docket No.: AMANZ00600WO0 [0035]Fig. 8C shows a partial cross-sectional side view of the
mandrel assembly havin aPIug assembly for insertion into the catheter distal end. (50036 Figs. 9A and 9B
show partial cro@é&glc({/i%%ﬁll side views of another variation of the mandrel &’gsgﬂ%?y9r‘%%7 Ved from the
distal tip of the catheter. 5[0037]Fig. 9C shows a partial cross-sectional side view of the mandrel

assembly having a tapered portion for insertion into the AIRBE AL Nova DB YR ScriPTION

OF THE INVENTION [0038]Medical devices including catheter delivery devices and implantable stents
10must be able tothvistestdfdEnwed apredhdcalithastre iapesed 8 mingedesereriedarithe treatment site (such
as loads imposed duriag intiavescidad sepieeyyiammal s RAshnplagtatieampdagedaads may be in forms
of pulsatile, torsiona, gl FOMREGRHY S ANALEEOMPIHRILI hSe oL WihVRTIous §equencies and
amplitudes depending upon the site of implantation. Stents should fge_aﬁfy maintain their scaffolding
properties and 15P&RYSt e hastig Wrdrster o it SN da R o biRBRESFAES, any compromise
of their physical prdypdritasselcrming sterfmatts nfithayysesuivhiviaam ebdlkngisd fasuridizrevbicipost implantation.

[0039]Bioabsorbabig, PRIMTEHC RS 1AkRHE SREGIAN ¥roSRAING 19 LeRRIGIM R, HRAake RinANd Moisture
present in traditio%teriljlzation rocesses. Itis kn%Yln that 20tem£)era‘%1res.used d}L)Jlrlng ETO sterilization

can result in cracking 6f pofymenc stent strits duifing SEsht dep (_)tym‘é%}i &I SREETK brittle behavior.
[00401In one embstiifate thher Srssit e bé eordinghstanior deplzatigoribie polyategidymaterial with a Tg
(glass transition tesmragikatiy e)chaaibatcdi- 8t kheMibitotit Ak X fiRNnce teigganntRismstent may be first

exposed (o aETR.sietiiga e RanESIN. &0 maRANIPRIANNG IBMPSIAYIS [Ange of 38 - 50 C and
with a relative humidity QRH of 20% - 80%. Since this sterilization temperature is at or below the Tg of the
stent material adversely affected. To further preserve mechanical properties of stent, an example of the

VHP sterilization process parameters may be set as follows: (1) temperature range below
60° C, (2) cycle time of 1 hr - 10 hrs, and (3) concentration of 50%-60% normal peroxide
by weight.

15  [0042] 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.

20 [0043] In order to maximize the sterilization potential of the nitrous 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



undesirable thermal effects and deterioration of mechanical properties may be largely avoided. Fig. 1
shows a side view of an example of a stent 10 having at a first diameter DI which has been sterilized prior
to assembly up%oaz%]a?fﬂséféf}. Stent 10 may be 30 subsequently crimped ot fdd %Pé’?é‘{%%m%ed 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%ﬁ@},%?h&“rﬁ%‘aﬁrh@{ﬂ%%?%%ble bacterial
numbers. [0041] The assembly may then undergo a terminal sterilization step utilizing, e.g., a vaporized
hydrogen peroxidesgtr) eriizhtinnlineiiedeAig. QeshioanehthidathdsnmollsAttoenbie Berket No.:
AMRNZ00600WOnthenstent 10 crimped upon the delivery system, e.g., stent 10 may be assembled with
delivery catheter éﬁoi&fn aseRggtgnvir%nment where stent 10 ma ‘pe rir&igﬁrdl ‘}ILJJ on an inflatable balloon
amet the

. ... €r em 8d1men|l or mam alnng ster}ilgo ca €ns m
12 from its initial er DI to a second smaller diameter D2. Because 0 acterial load present on

the device is very REVRSEHF 1o 5590 ADEQE L5 ENErG RS H T e r G ELRRISSHIS LB system which
are challenging totsterdize @uhichnpiais shelude thesclatheterflBimen) wiash beers pridstaeilizéa by
conventional methegs gyl %b@g%ﬂﬁ%@@ﬂ%@iﬂ@%ﬂ%@ﬁ&ﬂ&@o%‘ Rangiratian through the
entire assembly (inc(llﬁ'ng t elg%meter umen). Ac: ‘ordi%g‘ily,ds?uc a st%[ilizﬁatiozrahpcglocess may be highly
effective as a ternfifal process. FuRtRarmors, bEEHIER a1 f&irperatlife Eht' R 10levels of the
VHP sterilization pastdssosmsetrnticalprspertrasiiatioe bileropsigmidt Becaerietsetyeaffected. To further
preserve mechanigahdopeiiassatstantndry esanmemd: heiv-mhsierdizatisnpectskpgrameters may be

set as follows;;,(1) &%@Jﬁ?&@;ﬂfﬁe@ﬁg%p‘%}?}é’nﬁggg g c%)ﬁ%k@rtei@e%gfyl hr - 10 hrs, and (3) concentration of
50%-60% normal peroxide by Wei%ht. 15[0042]Aside from ETO or VHP sterilization, a nitrous oxide based

sterilization method%fly also HB BHRSEH alERssENE2E e8mRkTirRsHa AunRs FRRsPoxilizer (Bethesda,
MD). The cathetehagsgminly ineagived expodde tawatrcudossdded epguedramfig@atvnmesto'd hour and at a

maximum temperaiitfi Aol RufrenMEEXRABITSIMEICRNNE IDFERSET AT MRS SABAFBLNSUre complete
device sterilizatior]l.1 20 %)C{’:t]eln ordf(ﬁar tq maximi%ie %e Erﬁ((erilization. otentiall of the nitr §1S oxide,

sterilization of the Catheter asnsdénrﬁb?f%cl)lﬁm Seemac"f:omp |senwel%f’iﬁ%1lﬁglwp jages.*TTie ad Ivery system may be

first sterilized!dsing-eadimiohioFabsamcrob p e Pareeirp SutHVAS ETD RisppiadisrguTdseistent may then be
placed upon the sietitized capueieriandnberneiiisanseIdhly gnsnihen hrestestinad thh@itrqus oxide at
heat levels no gregles, {pRR JRMAYETRG AMES S 1712 BERAUREHIISIEIEGR] heating levels, the

reduced temperatures reduce the possibility of polymer material cross-linking and the polymer glass

transition temperaRiE 1SRRI FRSERsP RS TRBoE B PRI L LU TP FBYuire less aeration time and
will not impact any{®Hape memarynprapesticdsnaf theopohatteplstehepof0tleihgep disribershypindicated, upon
completion ohhe [pitial Stesilizations oA B0 stenbsriipgiasassBaxwhe Redermd.The crimping
process may inV0|§{J%ht Q?emovable 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



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 mayWﬂ&g{goggéFﬁity of these areas. This may be especially probf’e%ﬁﬁ%%%ﬁﬂ% terminal
sterilization does not have the capacity to Attorney Docket No.: AMRNZO00600W0 penetrate through the
walls of the device, e.g., through the catheter walls to stéfff’z‘%e?h%%’\é‘?h%"e’nW@?ﬂ\%‘ﬁ%r embodiment
for maintaining the sterility of catheter lumens may incorporate the use of one or more micro-porous filters
(e.g., 0.2 pm porelfitER CRGEIpIAEMSES HayARRsthalsse RaATHRY ¢4 Yegathis tealigrtiensesiheBFig. 3A which

shows a side viewe gf, & eamassizlohn 20 having one or more valves (in either an opened or closed

configuration) and§ijigfs couplsd Sher &R fofdRe AhSIehlANG.hE FARelET 45semP . Fig- 3B shows a

partial cross-sectional side view of an inflation balloon assembly 12 coupled to the catheter 14 having luer

assembly 20 and FARREF BEARY B8R A1 UMD S8 B IRERING LB EH SR PIGHER for use in
sterilizing the éathrersr. adsemivher (G0 8han2h Rty bablesaldsmbliz@G6n ¢hejr,opeiedirectional valve or
stopcock, having acstetiombigeA3epaca e hetueansais|osrslRng angnedacaniiouation may have an
inflation lumen filter, assemt | [ Sk d ugg:riskgeem b Ve, Gpu Ise o balloon irn I g n w en 22 extending
from luer assemb§/4§§7_?f<e?\ﬁ\i/§efg%g§fﬁ§ewflre va_\yeaéss(gr%b%% i%?%?&ﬁ%eéﬁmilﬁr %‘vé&e assembly 26)
having stop or valFe!@sdhapasdrelasineblic § tha duarerl GrheisrIumenyunyesinsio hensiidassembly 36
(e.g., similar to filtgroasisemblyrd4)amaystont cpmpledmmmallyo.tomaivg assembbyiBatbiizng 0.2 pm pore
filters 34, 36 fgay az;s\é%ramﬁJ{Mﬁqumﬂénmmﬁle%%@mm%%g,@{,@dz%&ﬁrQ?L%&wenS- [0047]A

removable seal maxf,é;e optionallyg)laced upon the catheter distal end or 20inserted therein to also seal

the distal portion S tREEAHSEEFRSLENEE I K AR Ak e B aibH i hrllogB e sBaPR¥8AdWN in mandrel
assembly 38 whictsspeayvatilige st Badasio thd foflavsdrion dAthins eragusdbvitophasinethe4 of catheter
14. A flared seal partipmdtmmdughmexiBoesraxinabiovanHandichditimayde altaghed near or at a distal

end of mandrel 44,2190, AUACHMETY 4%:3H AR LWRERITAPALS 4 Rnseried iR guidewire
15 12, as shown in Fig. 4B, and stop 28 may then be turned into its closed configuration to
again effectively isolate and maintain the lumen sterility.
[0051] Optionally, if the catheter system requires any'further inspection or testing,
such as pressure testing for ensuring the absence of leaks, both the stops 28, 32 for
respective inflation and guidewire lumens 22, 24 may be opened and coupled to an air or
20  fluid source and pressurized. Because any air of fluid passes through respective filter
assemblies 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
mandrel 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
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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 enviroﬁ?ré)e%?tl.of%l’igjwnh valve assemblies 26, 30 and their respecﬁgéwﬁlgé(f%g@@,@% coupled
securely to luer assembly 20, respective stops 28, 32 may be turned or configured into an 30opened
configuration such that the catheter lumens are in fluid cONFRGHRAHIGHNGit BACRSMNENt through
filters 34, 36, as shown in Fig. 3A. Sterilization of the internal catheter lumens may be then achieved
utilizing any of theddmthodydesevitverdl frseeiity ©.ic @hSesidriliratorenorrampnethramdidtable sterilization

methods. AlternatislyonSIOPThesn 3 snBNrhautdr B @F FOndgy Ky dnntatbrINalesatheeniigurations and
sterilization of the Att%r}g}/o[r)ocket Nﬁ. +ANMRNZ00600WO il;ﬁer e%! f@lth ter ({u ns may nonetheless be
0

. . tt . - .
achieved using othef stenlization met S, e.g., E-beant sterilization. [sd) 4618nce the sterilization of the

catheter lumens h%&"8®8K completed, the catheter assembly may be moved into a controlled aseptic
environment, sucljt@s4h clean Srdao(wivickreapihe @mpothlsiops28i3haray bekkkiisede(ifagierilized in their

opened configuratiep,&herWisg, shev.eney 4888 Glosael Wil the.praximahebekohing satheter 14
effectively isolatednbpy luer asserpb% ?%0 atntg the diglial end cﬂ‘ ([:atheter 14 effectively isolated by mandrel
nte [

assembly 38, the fEHASIPERHRTEY TUPRAHS s a0 h Sirta e SR T 6DSoFE 142" Stent upon the

inflation balloon 1Zizifrterchihede insfedMAaton anHensolismgien of 89 (A fiafl O 0iahehisbgnsnibly 26 may be
opened (or left opengshipreeai @t anatked it mayha-passaddhughdilieinddta atdemst partially inflate

balloon 12 a3 ST IESRSEYE BE ARATSL AR, BSsausE Ine hialanImER 24 Re pre-serilzed.

passing the air or | through the filter 34 may maintain sterility of the lumen™22 and balloon 12. The
polymeric stent 10"(Gﬂ‘ﬂéﬁ‘}ﬁg§ﬁﬁ‘étifrb4-§f@rﬂ?féﬂ)em§9' He ZifhpleruptritrAeepABBIRES LY, as shown in Fig.
4B, and stop 28 magvthed teevesmnibel gnidews closed2d ondi e ratvonntoeag asnteffectivady idolate and maintain
the lumen sterility ;g6 110ptienallvif s GANEIRp RYSIRIM BUHIS et litngiasRagHAaN or testing, such
as pressure testin%fotr Sgs.urin‘éz trftl% ak[)sg‘nce of tIeaks t{oth trﬁ s3t S 2§ 32 for drgsgedctive inflation and
guidewire lumens 73 b4 mesy be c?pe“hg gﬁz(‘}l%%ulblfé’gr fo'anairor uid 'Sodrce and ﬁéssurized.
Because anydir onfrdt|ddsisalniueieh pespagttfdreidpmen 24, as shown in Fig. 7B. Fig. 7C

illustrates the mandrel assembly 38 completely removed from the catheter 14.
[0056] Another example of a mandrel assembly is shown in the side views of Figs.
8A to 8C. In this vanation, a plug member 50 having a tapered portion 52 extending
proximally along mandrel 44 may be attached near or at a distal end of mandrel 44. The
20  tapered portion S2 may be inserted into the distal opening 40 as mandrel 44 is slid into the
guidewire lumen 24 to effectively plug the catheter tip. The plug member S0 may be
comprised of a polymeric material 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 56 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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assemblies 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 374 &34 theter assembly packaged, as shown in Figs. sREARNPER ¥R 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 u@éﬁ‘ﬂ?tﬂ?f}%%éiéﬁ\,‘%ﬁéoéyf(&%ﬁvalves 26, 30
(as well as mandrel assembly 38, if not already removed) may be removed by the physician prior to stent
implantation, as sh@whRimRidenEa dhat@Bis{0538]Thaniritherenhtockdgs a7ihe oatOndifetekbymple of the

mandrel assemblyR&aQiesissalins tberdisiatand af taathalacisliustraiadildanskehd4 may be
comprised of am terigl sugp a\llans}aﬂglg)% steel Whi((‘h.i sized to have a diame{ger @S%%having an outer

diameter of 0.005 ?\%6%8 gg; ich'is su@% e tor ,?neégrltcl%r?fé\'ﬁ&?ha?ﬁée ‘glidéwire iumen 24 of catheter 14.
Mandrel 44 may h¥%&aiidhtieealipon 12vitept SRR isapa may SEviord aksthebetadrel 44 may extend
at least partially thmougivihe: baticonth@uasdhediandreh; AttishapdleaketiNgon AMRNEARE00WO0 44 may

provide structural {piegritis e GRtalex M AHURGSIe0! GHRRIng.Hagn the halleep A2iskhe increased

structural strength provided by the mandrel 44 to catheter 14 may inhibit or prevent the catheter from

buckling as the st&RETE S EERH A BRI SERFINETL RGN B 1008 M EAta £ TRAIRN WiER, be comprised of an
elastic material suelhceflienshie? fatencePiebioad) aetexhivihy Peoarthdve b8 fengvhuiladidenide) near or at a
distal end of mandrehd43rand\lare proximally such that the seal 46 forms a tubular structure (e.g., having

an outer diamgter 9{,5}'1007 in-B.O90din and an inne{ diameter of 0.005.in-0.090 {r%‘wmg:h may slidingly
receive the distal én 2 of the Catheter 14 whi gc‘rlnaérvlvcﬁé%ﬁ% 'r%tsag}{lél& Clﬁ‘t%”t%l Oogufdewire lumen 24.

With mandrel assélifbRaasidacinesh Hodtismea irrdtigH 1 biblr sperinitut ofgatheter 14 and over the
distal tip 42, fluid comatinmcafizites ihabite chok prievenihddiedaeengthelguipeweclgmen 24 and the

environment, as shany}iufaidl #fn IRARRLORAR SIETIIZRION (S CPMPISISARY(RE RIiQkiQils, catheter 14 and

crimped stent 10 beiﬂ% irzliserted igtol;[pe%gatient,,mandre assembly 38 may be removed by sliding
15mandrel 44 distally TIOU R SPERIRG FOHBR IFER A ULS2RYIRS (5 5> T8 SE) 7% Iustrates the
mandrel asseiblydebmspigéy et drohisiplesenirerditivgs Go05Gnihatkhedlesxadeple of a mandrel
assembly is showrdntbeisidadyjeusood Figsailfih 9 RE uhbethisrasiapieiieh phagdorsiembeis0 having a

tapered portion 5 (%gﬁnding %&%i&@'Df‘ QLQQQ:[H%@(QS%JRE%Q&%{%?%Q Aa&akor at a distal end of

mandrel 44. The 20tapered portion 52 may be inserted into the distal opening 40 as mandrel 44 is slid

into the guidewire TATRNCSWPTEPEREL DR PRI G IRE Musaderdizing drndeplirg itRersers st be comprised of
a polymeric materiad sueh asiskicobal iR &yt Jetailion Wi cPat dipforird Ah afiefigait heke? O petsing 40. Fig. 8B

illustrates the;mangliel aasessbhilsing f@,@@@@a@i@&ﬁ&nﬁh is incorporated herein by reference in

its entirety.
[0061] In yet 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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guidewire lumen and Fig. 8C shows the mandrel assembly removed entirely from the 25catheter.
[0057]Figs. 9A to 9C show yet another example of a mandrel assembly. In this variation, mandrel 44 may
be comprised oA gFt aving an integrated tapered section 54 extehdiﬁﬁ?%%%ﬁ%ﬁ%d section 56
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 30any other suitabl/&*}7afe é’ﬁ@iéﬁ".’@%@@?ﬂﬂﬂﬂme the partial
removal of the mandrel and the mandrel completely removed from the catheter. [0058]Turning back now
to pre-conditioningdyriferesiessilPtmarpiovessdynan crby aridtiomighibserisent shiztniichieves or
maintains particulagpesésdasilizatian.epgshasieabpropaitios Ridhg ctepin] hadmplonted stent 10 may
desirably achieve gr Altorney Do )I,<et No MREA@OO%%QCW m i n?aecllaanical chagapteristics which are
izat

1aintain
) ceryl's ate, glycéryl megthacrylate, m amide, eﬁac €, styrene, vi
either enhanced o% %ltt eTéyast ugnaﬁgcte y the sterilization met oog. or instance, t}ﬁe stent 10 may

achieve or maintaffi!SifeiphRyrEaidaesiphoipd mshhevsnerinigeraraetemgtizetagg., a diameter
increase by 5%-8@¢yideiivehiidtatabiperhiat goty Hanmallybut Hatitae damdiiomeathg¢meurve up to 180 about a

1 5cm curvature r@QB&AM}?89@5&%%!&9&9%&%}!%}'@%@1 AREIERNLERABFICRIR.aRAYth Of between
10%-50% without fr cgéjre ormation when place&#nder&r axia| load; exhibit a percent reduction in

diameter of betweBHSYEE2EYs (iR B ot H2eRAiFk RBMRAN AT WASPRRRASPIFaRT REBYh 7% ve load; and
exhibit a 20% radigrFtiefaritacot v henpladenardeliadtadarBmide-ByoxGionsaiiepending on the
molecular weight andsRssiallindir.combipaiion et inasen-mairials thoseandbioifuiyesterilized stent may
be able to majintain,its original cr. inity of 25%-35% and a maleculay weight of 259,000 g/mol to
2,120,000 g/ﬁ% w%%% i i’na%&/h%%%&%/?r E‘,etrrpeony t er?eafﬁf‘b“%?’r‘\?? "N per 1 e é%eé?ﬁ%t 20%
compression), with¥&Hding ¢ i%’%?é"&r%‘ﬂﬁ?é%??f?&iﬁ%ﬂ%ﬁﬂ%ﬁ‘i&ﬁﬁﬁ peegotiisgsd strain), and
15exhibiting high fateuenlfecesdertphysiologqaieconraditionsida grekdsnilierbaycles oagler radial pulse load),

200,000 - 1 millioneNpiesyaaaha el k sslonantdrrsinaldosds. KaG Ollpineniss #f stents and
methods of proce%grgg gg(_e(g]ts q)a\(/lilngtgou mgchaniﬁa%gﬁ){%ertieshwhich may be produced utilizing the
S |

sterilization processes erein are ﬁownsélﬁ((ij descripe el AR’ (.i 5 Ipl)sp(3112/143,659 filed

June 20, 20085  aspects of the invention that are obvious to those of skill in the arts are intended to be
within the scope of this disclosure. Moreover, various combinations of aspects between
examples are also contemplated and are considered to be within the scope of this

disclosure as well.
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20and 12/488,453 filed June 19, 2009, each of which is incorporated herein by reference in its entirety.
[0061]In yet 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%. 25The 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 thg Anflgted 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 heveisn, ithadpabserbable polymeric stent may be 30 selected from the group
consisting of polyethylene, polyearbonates, polyamides, polyesteramides, polyetheretherketone,
polyacetals, polyketalssyaadyfetsaadiAolyolefincpphisthtene taipakiialate, polylactide,
poly-L-lactide, poly-glycolide, poly(lactide-coglycolide), polycaprolactone, caprolactones,
polydioxanones, pglyamtweridasigolyophodariioratesa pelyahasphazehesg, thitin,shkitesarnpoly(amino
acids), Attameextreeket No.: AMRNZ0O0600WO polyorthoesters, oligomers, homopolymers, methyl
cerylate, methyl methacrylate, acryli acid, methacrylic acid, acrylamide, hydroxyethy acrylate,
hydroxyethyl methagsybatendgty eatytsgodaienglyseng methaditatenmheihActylacttewstagorlamide,
styrene, vinylightbside | dainalypliialidorgerpaheving ataabl, \pdlysepsalastamspidyatwybiagtam, 5
polyjexamethpylasieaadiplaseidicopdyexasnethylene dodecanediamide, trimethylene carbonate,
poly(f3-hydroxybutyrate), poly(g-ethyl glutamate), poly(DTH iminocarbonate), poly(bisphenol A
iminocarbonate), polycyanaacryiates pokifbasphinzeind, coathylmkenilaiewitethy oirthachybate, acryli
acid, methaeggicaaid;aay/amigde, hydroxyethy acrylate, hydroxyethyl methacrylate, glyceryl scrylate,
glyceryl methacrylate, methacrylamide, 10 ethacrylamide, and copolymers, tetpolymers and
combinations and smixétilesntheeebhal 631 Ehanggplications ofttick iiselesedlinventioatdississed
above are noiclifnited to ¢erdinaprocestds; trehtmesishahplaoeslengdte eriialreregiensoftihe body, but
may includdrany thardberl afndthdrtheocebses, trhaimdntsligndaktasadfisbabodye Momdicasion of the
above-desdribes methgdsiaodedeltidesdictat any mylautdthetdrvention, and variations of ISaspects of the
invention that are obvious to those of skill in the arts are intended to be within the scope of this
disclosure. Moreover, various combinations of aspects between examples are also contemplated and
are considered to be Withsy tteensobptaohthifuidelosunepasinelh luer assembly coupled to the

proximal end and defining a guidewire lumen and an inflation lumen therethrough.

3. The system of claim 1 wherein the one or more valves comprise a stopcock
having a stop configurable between the opened and closed configuration.

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.

6. The system of claim 5 wherein the micro-porous filter defines pores of 0.2 pm
or less.

7. The system of claim 1 wherein the elongate mandrel has a tapered sealing
portion which extends proximally over the 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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CLAIMS What is claimed is: 1. A system for sterilizing a catheter assembly, comprising: a

catheter having a proximal end, a distal end, and at least one lumen therethrough; one or more
valves positioned along the catheter and in fluid communication with the at least one lumen, where the
one or more valves are configurable between an opened and closed configuration; one or more
filters positioned in fluid communication with the one or more respective valves; and, a distal end

seal having an elongake Hareieiwhich Svinsasiale indheatisasianedemereatshs distabgnd of the
catheter sughséhat theoalgngate mandrehisnremovable from the distal end of the catheter, where the
distal end seal isolates the at least one lumen when positioned at the distal end of the catheter. 2.
The system of claim 1 further comprising a luer assembly coupled to the proximal end and defining a
guidewire lumen angl FRdnfaiion ddlemilTergibr@ughe mandrdhRsystamiobefabied: whereinithe one or
more valvestClemppstial Stapeagh havingaa sici tonh gesaida ehaacs thelepened ant atesed
configuratiagathetedd. 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. 6. The system of claim 5 wherein the micro-porous filter defines
pores of 0.2 Rm o1 lesbhe systerbhefsylaiami ohvblaisth livehéiein thd slangaiapriandsal flagatapered
sealing portigmurbidhaexiengsugransititdtys edritienswidiahtorihecavinigritistebthater distal end. 8.
The system of claim 7 wherein the mandrel has a length of 1 cm-160 cm. 9. The system of claim
7 wherein the mandrel has a diameter sized to be slidably inserted into the at least one lumen. 10.
The system of clain.7Mbesgittihe Mmanegdiel Relsceclangth dsflictert tes xiemngaddeast ganigaty through
an inflation palde hosiipneshaedrpoiadilkezeistat BRarobinatoatiaiatheter didtal Bedsystem of claim 1
wherein the distal end seal comprises an elongate mandrel having a plug member sized for insertion
into the catheter distal end. 12. The system of claim 1 wherein the distal end seal comprises an
elongate mandrel havigatheddiedpatiionesizethtaciassstibihyiniontpe gagheter distal end. 13. A
method for sterilizing a catheter assembly, comprising:
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 via an elongate mandrel which is
removably inserted into the distal end of the at least one lumen such that the lumen is
isolated from an environment; and,

sterilizing an exterior of the catheter.

14. The method of claim 13 wherein sterilizing an interior comprises sterilizing
via ethylene oxide or radiation.

15. The method of claim 13 wherein sealing the proximal end comprises sealing
a guidewire lumen or an inflation lumen.

16. The method of claim 13 wherein sealing the proximal end comprises
actuating a stop from an opened to a closed configuration.

17. The method of claim 13 wherein sealing the distal end comprises inserting
the elongate mandrel into the distal end of the lumen such that a sealing portion of the
mandrel occludes the distal end of the catheter.
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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 via an elongate mandrel which is removably inserted
into the distal end of the at least one lumen such that the lumen is isolated from an environment; and,
sterilizing an exterior of the catheter. 14. The method of claim 13 wherein sterilizing an interior
comprises sterilizing. viaetytaoe oxeisr 1adiaiisdin the Honkae: meine] doahpim b wijgien sealing
the proximaleandConnisisfmraléagi fegidaiitd bnnenae andeiatiantsvending hnddte method of
claim 13 wherein sealing the proximal end comprises actuating a stop from an opened to a closed
configuration. 17. The method of claim 13 wherein sealing the distal end comprises inserting the
elongate mandrel intoTthe igtal eatcnfithe urencst chetbRigsealingipotinnpfshepripdigs occludes
the distal epd@bihegatheterudes thel@sthhenmethpe lah@laim 17 wherein the elongate mandrel
comprises a tapered sealing portion which receives the distal end of the catheter in an occluding

manner 19. The method of claim 17 wherein the elongate mandrel comprises a plugging portion
which occludes the@ligtat enetiaidhe binenl3 furdQr toeyprgthedmfociadng 3 fuighar Lo piising
introducing igasl estloict iniméhanideast pagilmentadal easpapbaiticinipitoadaitoaheasitioned
along the cathates syioinfotke pling i groximal end. 21. The method of claim 20 wherein the gas or
fluid is introduced into the at least one lumen through at least one corresponding filter such that sterility
of the lumen is maintained. 22. The method of claim 21 further comprising crimping a stent upon
the balloon. 23 Theheneltthddob tlaiuim?2 Fustiee@othpriaingr ehndvingnitedat ddasitonkefiier.  24.
The methodeafchaigrirdseiuiiiengompesingnnvodegiogding catheieshniiavasclitarf thtolanpatient body
to a vasculas regianitede treated. 25. The method of claim 24 further comprising expanding the
stent via the balloon to deploy stent.

22. The method of claim 21 further comprising crimping a stent upon the
balloon.

23. The method of claim 22 further comprising removing the at least one filter.

24. The method of claim 23 further comprising introducing the catheter
intravascularly into a patient body to a vascular region to be treated.

25. The method of claim 24 further comprising expanding the stent via the
balloon to deploy stent.
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