01 SEP 2993 METHOD OF STERI LI ZATION FIELD OF THE | NVENTION Thi s invention
"relates broadly to sterilization of medical devices. Mre specifi ca[H %EP 2003
this invention relates to a novel apparatus and process for the
sterilization of nedical devices 5 using ultraviolet radiation.

" DESCRI PTI ON OF THE RELATED ART Medi cal device sterilization processes, and
in particular comercial cMETHOD @RBSTERILIBATIONNg sterilization
processes, typically involve sone formof tenperature and/or 10

pr essur@&é&ﬂ@ﬂ%ﬂm [ techni ques. For exanple, a hydrophilic contact
lens is typically first forned. by jniect.in 0 ' ' nmol d.
The nononer ﬁﬁif%regg'?'érell%%bmﬁd&[¥97%t?+lgzého? ?frg)e Hx‘teﬁled%%é:ﬁ?egfogé %egﬁfrcgl . After
ot her oftd iQh&HtioRO5RS & Mo 8pifaratbiiGtl FEcedy Brithe/stefiNBKioR bF AlRdical devidegns i s
placed into a container with a solution and the container is sealed. The
paclbageakitgeulsravisles tagiationzed by pl aci ng the container into an autocl ave at
an el evated 15 tenperature and pressure for an extended period of tine,
usually at least 15 mnutes, typically 30 mnutes. Although this

comer chakcRIPERSH O@{ﬂ@gﬁ Af@qj&gﬁly sterilized contact |enses, the

bat ch-wrSe autoclrave stertlitzatron step is time consum ng and costly.

Eur opean Pat bietlicAlpjeviceatdridizaten procé323, SalinAarttiubr comeraalmootagkisnsisi ng
ozone in which packaging material .is disinfected in manu{ act uy,i ng

Set t i ngMmeTHeCtHHBE EER I 1AG0BPIassSSen YRRl YO Lh SR TR L PRRFHAIRY dlor

0z ti t.L g f Ntk tik Rehi nber,
o1 A g el st e o B e

i Nt o t hftrss fovinked biy igjectngraonomerdnixtureimaa tivdd. o bnmohemen mhdursanthenzi ng
chanber with sterile air. Thep&r‘oc&zs re ui.reaf that.th ozong contle}ct t he
packagi PRIYmEHERd (1F- the lensesare gued) A gther PREONaf BIACHIREM 55t HED &SP 8PH1E ai r
purge .Sﬁ'@]{:)ecti&qﬁ Y B8 Pldoid m‘t{g)s ksﬂafﬁér #th b RIiBA LAY thelcOnfiBRY iskRaRl CTHE
sterilization, 'sterilization by application of electromagnetic radiation,
or chenpazihgeaidemnt s stetitivéd by placiog theldoBtaireaimoan hdocBydatgnadevatiidscl oses a

f d teril tact | ' I L ai [
D O st o eroe B o Enfinlingen of R bell of RBHSS SRRIALPSEAY 12,
ozone- _cwﬁ%meg? O ERugh ity c%;\ﬂﬁ}edar&al rSRE Rbiides SordulhlPsteRtediontast lehits,

packagi ng process, én and contai ner are€ subsequently subjected
t o ul t rtheibatchiwisasutatlaonstenplization stey is timeleqnsuniéng 4nd a9sdne. This process

terili t tact |ens. and th i ner.. . Non-i oni zi i ali h
25 ul Lr avi ol BEOPERR T APTS gV O 2R eria SRRrareo s BAeh) o The
W 1'i ghiyhicipasisaghdstetinl if alsmbdadinemahuTRitEing etthg. MhePrbeesefivobat i on

20 feeding an oxygen stream into an ozonating chamber, generating ozone from oxygen in the

ozonating chamber, placing packaging containers in a sanitizing chamber, feeding the ozone
into the sanitizing chamber, and purging the ozone from the sanitizing chamber with sterile
air. The process requires that the ozone contact the packaging material for a predetermined
time, followed by the sterile air purge step. The process is offered as an alternative to heat-

25  steam sterilization, sterilization by application of electromagnetic radiation, or chemical agent
sterilization.

U.S. Patent No. 5,618,492 discloses a process for producing a sterile contact lens in a
sealed container during a continuous production process wherein the contact lens is immersed
in an ozone-containing solution within a container during a continuous lens packaging

30 process, and the lens and container are subsequently subjected to ultraviolet radiation
primarily to degrade the ozone. This process sterilizes the contact lens and the container.

Non-ionizing radiation such as ultraviolet (UV) light is known to damage the DNA of
exposed cells. The UV light causes bonds to form thymine dimers which inhbit replication




1 01 SEP 2003 of DNA during cell reproduction. UV light is used for
disinfection in hospital roons, nurseries, operating roons and cafeterias.
W light is also used to sterilize vaccines, serum toxins, municipalSEP 2003
wast e, and drinking waters. The maj or weakness of the efficacy of UV [|ight
as a sterilizer is that for nost materials the radiation is not very

penet r abf DYA durirgheellTeproduciong AV sight it asddefok disingsttion si hdspitd! roeats| y exposed
to the radiation. A nunber ogﬁgatents teach the apglﬁi{cat_i on of W light to

di si nf eBYrSenfd/ epcratigcoppaaed cafeierianr gYlisdhis als uspd kester lidpuvascipep s, ons  of

m cr oor .S Lim.nate.the Us, Pat ent 5,768, 853 WD) 9775
Gocert b s Mainad afie) ARairking Effbrs THE Bl i85 o e et SV o
i cr oor Gtitias WhsterilizE09 that 16t rhiSst Rak@ s the 48Hatd3s HRUOEPF hénetratllRE RBAROT

sterilization by using a flash discharge wultraviolet |anp. The patent

t eadhesmidraergbyismp t ¢ kidied st baidirectly snpdsied to thatradistiany UV | i ght  t hat

m cr oor gani s w, | be destroyed; however, conditions for.sterilization
re not di <ttt of G aEl feiapaigin o5V Eaiftan dsnicH cuet isschkaen,

5, 786, SfrBbrgahiome o diftfer Pé@@égwgms of Biirodghi &0 of nglqfRdy ght be 15

used for deactivating mcroor ns in contdiners Inc 1u Ing a polyolefin
cont ai ner wi US Ratentt §j76818438 lend §¥ OPEO9 Thondeadrite the asendfadiViliaghs prddciag
preservative fl Fiicgl.ngr.eservat ion is the_use of physical and/or chem cal

means t PRRAYS ¥ JANYRICE FRCTGPSARS™MSAT f999se i croor gani sms whi ch, by

thejg growt h I 1. b0 ' [ Lven
i o1 Cor DS 4B 3G skt I RAN B IRRA0h O L AR g R Bleefurfl 100

M cr obi dlragpletanivoTeepdtanrt t&ichésattyt, by24pplaingshait duratBonIagls intédesivy YOV RighNY, pp.
702-703. Al though .t he ent discloses the idea of . using a flash | anp
syst em 18t ’?f"'é?‘i“g?@%m% th‘? gggeqtrgﬁg%gxomv%{, heesadiaps LppierliaHionargnabnt ai ner,

there afig.19&4C st dnBNSacRsihradditb 9 B lish sterility, nor exanples which
show thaltcstefﬁ itsy piacaan gle acc&%pl%sﬁggl? U. S. Patents 5,034,235 and

4,871, 559 di ©6|Ragmt 617861398 distlosest the bidat eohceptihaes flash lump\system mighebse, very
shqrt duratio ulses of light tq inactivat 1 Cr 00 | sms_qQn the surface
of 1# oo‘bsegrf‘lﬁro‘?}’@&é‘f t'&ﬁﬂ“‘%i‘i’@b%%‘lsg‘stlﬂ&Pf"f“l’?&rsr’r%‘ﬁ\‘gﬂg é%[%geryﬁ’s‘é)&t?‘w Vb‘&b%ages,
medi cal foflepakRiag that Q6ntafn® @LoRGRAAUSS shd Ipre@FHAYE Fluidl GERrdtidnlis IRBELRE a need
for a tinme-efficient, continuous, effective sterilization process for

phar macghysiceband/orstiemada) maans todsliret prevent tbugrowthall tose aricrbergasisthsiwhicin

inline 30 node in the manufacture of .thes rooducts. 2 .
by t?]elr growih and/or act1v1Hes, may cause blojcleteSorF:)at]on of a given material or product.

P. Singleton and D. Sainsbury, 1988. Dictionary of Microbiology and Molecular Biology.
20  John Wiley & Sons, New York, NY, pp. 702-703. Although the patent discloses the idea of
using a flash lamp system to sterilize contact lenses in a preserved solution in a container,
there are no conditions defined to accomplish sterility, nor examples which show that sterility
can be accomplished.
U.S. Patents 5,034,235 and 4,871,559 disclose the use of intermittent pulses of very
22  intense, very short duration pulses of light to inactivate microorganisms on the surface of
food products, and suggests that the method can be used for packages, medical devices, and
food products in packages.
There still remains a need for a time-efficient, continuous, effective sterilization
process for pharmaceutical, medical, and cosmetic products which can be used in an inline

30  mode in the manufacture of these products.



01 SEP 2003 SUMVARY OF THE I NVENTI ON This invention provides a process of
sterilizing a nedical device, and preferably the contents of a seal ed

cont ai ner which conprises said nmedical device, conprising the step ¥ SEP 2003
exposing said nedical device to ultraviolet radiation whereby the Dval ue of
Bacillus 5 stearothernmophilus (ATCC 7953) is at least 3.9 mlliJoul e per
square SEMMPARNEOFTHESRRENTDN avi ol et radiation in the range of 240-280
rimto the spore. Further, this invention provides  a process_ of
sterilizing Ahisaavensibn geavides apoeases of siytlizmg asmedicyrdeyies) adipreigrably thenedi cal

device to ultpaviolet radiation wherein.fhe.mn numtotal.ener density
of sai dc‘?ﬂt‘fr}tﬁf}f%fe@fedrcgﬂ{aglefghnc(?'iCﬁﬂpﬁéesrsgh%gc%lfalfff&cﬁ’s‘ﬁ% Hsm%@g%?’egaoﬁes t he
m croor sﬁagfsamﬁ&ﬁm detics & slirimbietakiader wiRreb¥Qhé B, AlofiBagtus18 mi/ cnk.
This invention further provides an apparatus for delivering pul sed UV

radi‘at i stearbtheamoptaiis (AT CESIA53pisfad teasttie? inililiZatle per sqoaprcestimetentml/emét one
radi ati on source._and a refl ect f each said j atj.on. soyrce wherein
ol at Sl oTe srataay n b wneer 140 o e REhe3ore, BT, it OtiaiCoroies

radi ati r t . ; : f g f ' t
st oRErRE GiSritofhe d GEGERMyEE Fimonti bb3lep(ToubRaihatilEfedicabf it

r eachestd lleatiokatadenionavieeein thewhinothumastal amsgy demsity HEsuitl oltrasmilet mdidtion i on
is W radiation in the range of 240-280 run. The treatnent ar‘ﬁg iifﬁ\j'

pr ef er abl §ie sangeé 200280 nm whish arachesithe misrergerismyAresent RASAKATBERER drIFEr | ux,
andid s 1 kcal device or container for the nedical device is
Iocaq edygr‘]agrle%tségk:?ﬂn@ﬁ]t'. The process and apparatus of the invention is used
to provide sTalsiihven€ion frtiee provids deupmestus fewdelrearingtpulsed iUV eadiation fraovi des

a process and apparatus _ in which sterili zatigﬂ, can be achieved i r} | ess
than 20msdiahdryicedpestenlisiion cRRBnyRGH 1925t QRTHAHYON ABYrEe AR # ERlegty Ph | ess
t han Sefc%%g Idiaﬁm §0dr&v\gﬂérl3fﬁ§aiﬁra?Yéa&‘:‘::ﬁe"?eﬂ?écﬂﬁ. r%ct@'i‘ﬁhi RRAFELUSIYG ch

sterilizes nmedi cal devices and optionally sterilizes the contents of the
cont ai n&fast dnelralimgpri doarceadiatehtnebay ares suchRhatffor edoh putsh ef paid atkesstaond

il R 96 SaFIEE.GF 4261 b EmaPRaad S HEgaG Ao psert s e RPaement Eo PEORED The
ruent e s i Socaasat et e phe doboonn eS|
of thi stre@fhehnatenisippeferablyattie Besipbars of lsaid sefleidriwhiclyhasfthéspamginnl flisc, ni ger
(ATCC 12;11(? i%)wl;[e?e trhzei?rile tlcla? He\gI‘.e ordciomalenre? rt]cagr tﬁfp r%%&ircgll de&ﬁ:@ s Iso;cat3ed for treatment.
The process and apparatus of the invention is used to provide sterilized medical
20 devices. Further, this invention provides a process and apparatus in which sterilization can be

achieved in less than 20 seconds, preferably less than 15 seconds, more preferably in less than

5 seconds. This invention provides a process and apparatus which sterilizes medical devices

and optionally sterilizes the contents of the containers holding the medical devices.

Preferably the process and apparatus can be incorporated into a manufacturing line. The

25  process and apparatus are efficient and continuous.

DESCRIPTION OF THE FI S
The invention will be described with reference to the following figures:
Figures 1 and 2 illustrate one embodiment of the system used in the process of this
30 invention;

Figure 3 shows the sensitivity of Aspergillus niger (ATCC 16404) to radiation of

different spectral ranges;



01 SEP 2003 Figure 4 shows the sensitivity of Bacillus stearothernophilus
(ATCC 7953) to radiation of different spectral ranges; Figure 5 shonﬁ Slfpe?
sensitivity of Pseudonbnas aerugi nosa (ATCC 9027) to radiation 003
different spectral ranges; and 5 Figure 6 shows a graph used to det erm ne
the Dval ue of Bacillus stearothernophilus (ATCC 7953). DESCRI PTION OF THE

| NVENTI ON TH?agureMnahOMSéha jepsitigity 0EBacillly sterotharmephilys eATEGEr#5B) weans t he

condi tion of 10 an environnent, which is free of all living
Shsi ekt hisstly

cel I's, TAHIAUCH ABESt her resistant and disseninative forns),

and al | Vi r ugesedghonaiyd §eAkinBALD! PochaRARA a%q'itfo%hgmt oalial B s
assured by a I nimum steril 1ty assturance tever of pre erably f

nor e preffdefferbity spe@erdl, rangesgandst preferabl y 10-" when the container is

i nocul ated wi;th 106 m croor gam Sns. m nimum sterility assurance | evel

i s éependent lswewowwérm %@F%%ﬁteﬁéw@émﬁ@ﬂ Bagilyps glcarothenmephilus

steril |(?\ a single-use contact lens, the USFDA requires a m ni num
sterility assu ance |l evel of 10"6 in the number of m croor gani sns per
container. A sterility assurance Ilevel of 106 is the probability of having

1 non-sterile package out of one mllion packages. .The "Dvalue" is the

anount wﬁﬁﬂ_@gﬂﬁBMENﬂON 90 percent of the organl sns present. For
steamsteril'ztlon the sthet UII’ erature
Lo reduce  ZHeekat niRr b tfafidn casbd el s Shafiofal HobREb b ant sm

t 0100 p@reeitbnAtnt! wglchns frb@bf:ﬂunhﬁg celBC eI RbREpbeEs Randbthe redisandnd D.
Sai nsbury in Dictionary of M crobiology and Ml ecul ar Biol og 1988, John

W ey &isgmanativefiprwsi.land it viwses @Q@ubw@éegmtm@p@uwﬂﬁphcm@m edlityfior gamma
radlatlon adi ation Xill rrcept of the
or gani <vired % Rinisyin e SUbA e Ranilr 30 SAruRA0 b ftohmors merRHus T
assum n@dtohdt pidi@atd 10¢biherdthe BbRGABES ihcul2¥bBwith N6t mréREakismigt TR 1 n the
case of non-ionizing radiation, the Dvalue w Il be the non-ionizing

r ad| at B Sterdiyy pssurRnep lavel i5 deppndentosribe bpeoh medicghdivises For example,

ef t hat the
dea h g? P%E%lﬁgglgg%k?ollrﬂ%%%ge% }rﬂgs?i lordtgher\&ﬁ[)g Séln%gfﬁerxﬂfg'llrﬁ@?rgx%al cul at ed
usi ng td@guﬁtdenbm MSII(IDhisﬁ thOSi0BE of et @RisniRt bathinél. o8 si¥lilbyosssidncerher e
No is the initj nmber._ of mcroorganisnms in 30 each replicate unit, N,,

i's | n(rpye of Meﬁéhwmbablhtéf efdrayingrnmetterde packaee ent of ansimidliongaskegest o t he
t I U,» U t hat
Cest  negat Vil o g B by oS EndtEREGisEd o insh pBERAPGHH Brifflhel) (00 1

cal cul gires@nt. Fwr sedagr srémlmtmmrth@t),,,@‘ isetill thAé refuired at a given temperature to reduce

20  the number of viable cells or spores of a given microorganism to 10 percent of the initial

number, according to P. Singleton and D. Sainsbury in Dictionary of Microbiology and

Molecular Biology, 1988, John Wiley & Sons, New York, NY, pg. 256. According to ANSI

standards for gamma radiation, the D, is the radiation dose required to kill 90 percent of the

value
organisms of a homogeneous microbial population, which is defined by assuming that the

25  death of microbes follows first order kinetics. In the case of non-ionizing radiation, the D,
will be the non-1onizing radiation dose required to kill 90 percent of the organisms of a
homogeneous microbial population, which is defined by assuming that the death of microbes
follows first order kinetics. The D,,,,, is calculated using the Stumbo-Murphy-Cochran
Equation: D, =U/(Log Ny-Log N}, where N, is the initial number of microorganisms in

30  each replicate unit, N, is In(n/r), where n is the total number of replicate units exposed to the
sterilizing dose U, and r is the number of units exposed to dose U that test negative for

growth. Using the D, the sterilizing dose can be calculated. For sterilization of a medical

value?



01 SEP 2003 device such as a single-use contact |ens, the requirement is
for a sterility assurance |evel of 10"6. The total dose therefore equal s
Dvalue (log N,,-log Nu). The term"ultraviolet radiation" or "Wrad hbERb M
means radi ati on having a wavel ength or wavel engt hs between from 200 to 400
rim |f a range is specified following 5 the term"ultraviolet radiation”
or "WV deatleatitlons' a siagleanse oowtact langthe odquirasticnt it 6or d sSertdpatsuvdrichigvet 68 200 to
400 nmral n%av Further t he ranag?e speci fied, unless otherw se stated, neans
[

radi ati Bh talgl @%‘béﬂe@?ﬁeﬁﬁﬂ DumkedhgiBNubi t hi n the range. The_ term
" broad spect-r%ng ﬁ"é “ﬁﬁﬂw%%gzﬂilatmﬁagg“ﬁ@drhmh T rﬁ@a Eq[n R0 (?rat | maj ority of

t he wavel en t ween Fim erei'n a on of the

radi ati \Qﬁivdléilgth& waldngths dkivesan frbi 200 1080 thin® nIfGl&ﬁinébﬂs uﬁ&méd%ﬂbﬁmg i ze
medi cal devices. The configuration of the systemused to sterilize the

medidcal th@léarmc‘élltw;n@ntorgd@hon her ‘Warsslintios’, eanesweprangp of radifitionlis mgati ce to

LTV radi nmedi t t
east o gaRs o0 BrAODet (et ordiebaind Bte Shesto e s ey S M .
pref er abli;of ﬁ@\tlﬁé am%leﬂéfh %5%@&&?2}‘1’19 wf’t‘lﬁﬁ?h@rraﬁ%@r ably nore than 50
percent, nost preferably nore than 75 percent hen a single radiation

sour ce can bEhatseud “bmad spacirimad radationddoeaas rasﬂmuonélaamglaotagstasmajmﬁt}eaﬁt 18
miJ/ cnZ, . nore ef er abl | e 30 /crr*Z nost preferabl t 36
m/ e tBF Wle?%t& dhvatn o orddh BRg¥hg T S R ISiﬁZ

m gpoorgaaiisys and/or all surfaces of the nedical device to be sterilized.
If the nmedical device is not transm ssive to W radiation 20 (240-280 rim

or is transnilssinvention cmdie waed weitdrlze nedmabdeyias. ’[H'e\bmé'xghsmibmof (112340 280

n for exa ess. than. 10, percent,, then nore .t han one radi ati.on
Do co e SRBR 1O e R e eicasR ok debnids off Sy FSE e nE T A58 BOGRIoe.

However ey iy Wfdd%’bﬁ@@z%?ﬁhﬁ%éal‘af:vncé %dchﬁa"sin%lvécwﬁpﬁ%tg?r be used

as long as the mninum| evels of energy specified herein reac t he
mcr oorpgmtnmsor%theultaiviolttthahsm(éé@ﬁSOfnm)Her ercaaipde | prefevabbegrehtecthand® t o be

sterilized. 25 Thi ventiqn i referab S to steriJ.ize nedical

S eTBee e, orf aratero Rl e THe T CeRl G108 el Fbly Bohre HAn T Hethsnh hACE e
St erilig PJd‘ia@ifonQbﬁ‘:%b%Bé udeld td Etén%’thé‘hi&ﬁfcal ddifee SWHLANRNeaUEd be at
| east par | ally transm ssive to ultraviolet radiation 40- 280 nm,

pr ef er abl/gmf,mecre preferiablyrat leasttioanb’nlnssmqstapne&rahly ableast 395%/011 ofléVul travi ol et

radi ati on (.240- r r ef t he cont ai ner ive to
L) eachtiahes e raret ot pal AT el rPARER e MG rBRED g Al R e

pref er ahédicdl Mevieo rs B N1glied. IfftBOAIRIRS] deRiceQs Adt th@amissiie Yo QJfV fadtation
ultraviolet radiation (240-280 rim. ldeally, the container is transm ssive

t 028ubd24R2BANmY ol trangmissive tysuchasmsllanerqeatngaof brY (adipgion §240-280) nm).ffor he
medi cal cxgl%\[é & f“esls theh lﬁrﬁ%rrpex%ts 14§ nice Ran!of@3difion source will most likely be

necessary to sterilize the medical device. However, any configuration and any number of
radiation sources can be used as long as the minimum levels of energy specified herein reach
all the microorganisms or all the surfaces of the medical device which are to be sterilized.
25 This invention is preferably used to sterilize medical devices which are in sealed
containers. If the medical device is to be stenilized after placing it in its container, the
container must be at least partially transmissive to ultraviolet radiation (240-280 nm),
preferably the container is transmissive to at least 25% of the ultraviolet radiation (240-280
nm), more preferably the container is transmissive to at least 50% of the ultraviolet radiation
30 (240-280 nm), and most preferably the container is transmissive to at least 75% of the
ultraviolet radiation (240-280 nm). Ideally, the container is transmissive to substantially all
of the ultraviolet radiation (240-180 nm). If the medical device is transmissive to at least a

portion of the ultraviolet radiation (240-280 nm), and a single radiation source is used to



portion of the ultraviolet radiation (240-280 rim, and a single radiation
source is used to 5 01 SEP 2003 sterilize the nedical device, and if [Lrs P 2003
nmedi cal device is in a container, then the container can be transm s E:

to at least a portion of UV radiation only in one area of the container, as

| ong as enough radiation can reach all the mcroorganisnms and all of the
sur f acétenbize theanediesl dayice, dad ifcthe medicebdrviastis id carfiainesy Htealtlrrrewntﬂ(lrrﬁe:an

S o aBerhSxE BAGHRES pbEp 2L £ BSiaRR PBF iche i I ettt RN

i nsi de 3§ BEougARhARMG dan ke Bhe nilérol?ﬂg%ﬁsh@%ﬂd aner frRGuAhé QDI ARUNEHCAIS used,
it is preferred that the container is at |least partially transm ssive to

ul t r avidevie¢ andchinadritoof the 4oat2i@er. (Thy comtents b contairire iwludedbeinaidea of t he

con ai ner pr ef er abl subs antially over the entl r surface area, that
o5y havrf%%éogsﬁtcavﬁgw 2dg Spr qtiwraf%éiﬁws%srr%ede% gmﬁfqﬁ%@e

rad' at bfeh &Qns%eetﬁugﬁgﬁlaﬁﬁego?ﬁm{wér HAHBE! fén 161 St i *ﬁ@é naye | ess

than 10 percent, nore preferab not less t percent, traV|oIet

r adi at ipesferff@¥Bat2Be comtpintr ﬁlasl”ﬂaﬂspamdl]y trawtmsme&f eitabioyet radniitmm(an()dsﬂer i's
transm ssive in ;}gbstan}i al | yﬂg directions to at | east 50%of t he W

r adi at 781 OVG’Z'ZBSt ace,pgd ppde CBF'éf"éf &Bﬂ?retfﬁé lysubsipnttall Yl%’ of thggaticssi ve

in SUbg% ld gwa?‘,sl,% Hh%%ht%ﬂ{%r ol Bhetimd ?@%a?&!‘i&fbefs&%h g Q{u‘;rpn

(240-2 e contdiner Is smssive in staﬁtlally
al 10 di peafbnabhy&lobmnsmmme by hn;ateaﬂals tlmeft hhhelethaale@Eicem W@pr&ﬂ@amm
Exanpl es of medi cal devi ces used in the process of this

i nvent ABhless than &3 aercerly ulér%alegq éadh %wﬂ%ﬂ%?—%o ngy), frgnsraissivgy, Messpreferallyant s,
St ent S’thesébtlgl%r?e?’ls 9&%&% € 1ﬁtsﬁf>)4tﬁgfall£|§ﬂ 11@&%1@%& le gO%hﬂYh%tﬁf a]NPaanﬁ' al s

whi ch e used to ma evices 1Inc e neta er ol
nono me(ma b8ty ), ahé mqaopry:faramjz #exohtainer potransmissipverin ehbstomially 211 Z(i}'ectlons
hydrox¥et yl

met hactrdk Egﬁw t(%{“? t?’tr@ﬁwﬂ?m‘@r%@m)s ilfeally; the soptaineris trpsEYSSixEdRe,

meihyl | ene,
po?@ agﬁﬁg“l“ggggggf%@ﬁnw m@%l %aﬁfethgtg\f:o nﬁ%%l gﬁr gg‘g/ﬁﬂ%e gl ycol, and

the |ike, aﬁatamph:s orﬁntedrcaiadiesnmbes&dmlhaaly belsed. mllmptecnseaﬁénst neerdanmp| exity

d d f met h f. st | t i
hat T ERAn (PTsaaIP Br ALbeLers HEA FAURBHTE AP D81 S BRI S1PIoR | y

trans maﬁ§b?«{1ﬁia &, dhd fh"é“[ik@' Riatbrfdld ﬁhicﬁ@nayﬂfeﬂfs@ﬂ aindkd the ni&Idat akvieayvi ce s
transm ssive to at |east 10% of the ul'traviolet radiation, nore preferably

t he nedwdlaic ld@taiscelycgoltmammtbsthmla@, olymatbtlcohg‘swbdvmwwrrghdcmv ol et
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polylactide, polyglactide, polyethylene glycol, polypropylene glycol, and the like, and the
materials described below.
To decrease the complexity and energy demands of this method of sterilization, it
25  would follow that it would be preferred that the medical device is at least partially
transmissive to ultraviolet radiation, preferably the medical device is transmissive to at least
10% of the ultraviolet radiation, more preferably the medical device is transmissive to at least
25% of the ultraviolet radiation, and most preferably the medical device is transmissive to at
least 50% of the ultraviolet radiation. The preferred medical device treated by the method of
30  this invention is a contact lens. It is more preferred that the contact lens is in a hermetically
sealed contact lens container, and even more preferred that the contact lens container holds a

liquid in which the contact lens is immersed. Even though the method would be simplified

by using a UV transmissive medical device, the presently preferred contact lens is a contact
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éﬁ%@?&'ﬁﬁe QUnBLGAR! B tﬂkérlt.@ﬁa%uh §0ﬁtFLﬁ%r&%§ﬁs t&g{jﬁy [16q contact

Iens € nononer or prepo re’is prefe Initiated
by usi n:glcc to form a contact lens. Reusable lens molds made out of more durable materials, for

example, glass or metal can also be used. Typically, before the lens molds are put together,
the monomer or prepolymer mixture which forms the contact lens polymer is injected into a
first mold half and a second mold half is placed onto the first mold half which pushes out any

25  excess monomer or prepolymer mixture. However, a one-piece mold can be used to form the
contact lens, or the monomer or prepolymer mixture can be injected between the molds after
assembly of the molds. The monomer or prepolymer mixture is then cured to form the
contact lens. Curing of the monomer or prepolymer mixture is preferably initiated by using
photoinitiation. After curing the monomer or prepolymer mixture, the mold halves are

30 removed, and the contact lens is hydrated, if needed. After hydration, preferably one contact
lens 1s placed in a contact lens container. It is preferred that each contact lens container also
contains at least enough aqueous solution to fully wet the contact lens in the container, but the

presence of aqueous solution is not required in the process of this invention. The aqueous



photoinitiation. After curing the nonomer or prepolynmer mxture, the nDIg
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S 484 005, S0 iSBind 200,804, 5 R0 S SBARR FR
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|nvent|on can be used to sterilize contact | enses
hydrophilic properties. The preferred contact lens matenal is Etafilcon-A which comprises
HEMA, MAA, EGDMA, TGDMA, and Darocur. Useful contact lens materials are described
in US Patents 5,484,863; 5,039,459; 4,889,664, 5,0684,058; 5,654,350; 5,648,402;
5,311,223; 5,304,584; 5,256,751, 5,196,458; 4,495,313; and 4,680,336, incorporated herein
25 by reference.
Addutionally, the process of this invention can be used to sterilize contact lenses
which contain ultraviolet radiation blocking agents. Contact lenses containing ultraviolet
radiation blocking agents include, Acuvue® and Surevue® made by Johnson & Johnson
Vision Products. Blocking agents which can be used in contact lens compositions include
30 Norbloc™ 7966, which is 2-(2’-hydroxy-5-methacryloxyethylphenyl)-2H-benzotriazole;
other benzotriazoles, such as, 2-(2’-hydroxy-5’methacrylyloxyethy!phenyl)-2H-
benzotriazole; 2-{3’-tert-butyl-2’-hydroxy-5’-(3"methacryloyloxypropyl)phenyl}-5-

chlorobenzotriazole; and benzophenones, such as, 1,3-bis(4-benzoyl-3-hydroxyphenoxy)-2-



whi ch contain ultraviolet radiation bl ocking agents. Contact |enses
containing ultraviolet radiation blocking agents include, Acuvue(r) @V%EP 7003
Surevue(r) made by Johnson & Johnson Vision Products. Bl ocking agent
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ultraviolet radiation (240-280 nm). The containers can be UV transmissive glass,
thermoplastic pouches and bags, cyclic olefin copolymers, injection molded or thermoformed
plastic containers, and conventional bowls and lids for contact lenses, as long as enough

25  ultraviolet radiation (240-280 nm) can penetrate the container to sterilize the contents of the
container. It is presently preferred that the contact lens container comprises a bowl and a lid.
It is preferred that the material or materials of at least the bow! of the container are at least
partially transmissive to ultraviolet radiation. Particularly, for the sterilization of a contact
lens comprising UV-blocker, it is even more preferred that the bowl and the lid are at least

30 partially transmissive to ultraviolet radiation, preferably in all directions. To accomplish this,
it is preferred to replace the conventional foil lid with a thermoplastic lid, which may consist
of one or more layers of, for example, Aclar, nylon, polyamide, polyvinylidenefluorides

(PVDF), polyvinylchlorides (PVC), Saran (polyvinylidene chloride (PVDC)), Saran coated
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primarily attributed to the composition of the outer coat of the spore and the ability of spores

to refract light. Therefore, a range of intensities will affect different types of microorganisms

differently. We have determined that one of the most resistant microorganism to this method
25  of sterilization is Bacillus stearothermophilus (ATCC 7953). The D,,,,. for Bacillus

stearothermophilus (ATCC 7953) is at least 3.9 mJ/cm? ultraviolet radiation (240-280 nm) to

the spores. For a sterility assurance level of 107, the dose to the microorganisms (where the
initial inoculum is 10* cfu/container) is at least 30 mJ/cm’ of UV radiation (240-280nm). For
a sterility assurance level of 10, the dose to the microorganisms is at least 41 mJ/cm’ of UV
30 radiation (240-280nm). For a sterility assurance level of 10, the dose to the microorganisms
is at least 52 mJ/cm® of UV radiation (240-280nm). For a sterility assurance level of 10", the
dose to the microorganisms is at least 65 mJ/cm?® of UV radiation (240-280nm). This energy

is preferably supplied in a single flash by a flash lamp. For an initial inoculum of 10°, the
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f d at t . 50% he total h Ll th
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acoustic modulators, or prismatic devices to focus the radiation on the container, or to limit
the radiation which reaches the medical device or the container to the germicidally effective

25  wavelengths, or to eliminate radiation at wavelengths which will detrimentally impact the
container polymer or medical device polymer. For many polymers which are commonly used
for contact lens containers and contact lenses, which were described earlier, radiation at
wavelengths less than 320 nm is absorbed by the polymers and may cause chain scissions
within the polymers. To protect the polymers from degradation, the means to adjust the

30 wavelengths of the radiation, which reaches the contact lens container, can be present
between the radiation source and the contact lens container, or the container can be

constructed to filter out certain regions of the spectrum.
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short pass filters, long pass filters, dielectric coatings, nultilayer
coatings, selective beansplitters, nonochromators, Fabry-Perot Etalo
reflective coatings, binary optics, acoustic nodul ators, or prisnati€15EP2M3
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Steri || SHioh onauLeTO Rt hatels. sxdhus & ot dpbhpgiaR BF BrispPaRT Ratac T on
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radi ation at a single wavel ength, or the ra I on can consi st of a broad
spect r ulamgf pmdueﬂSéir@me bmﬂ watiatipnof aitieteapproximatehe bl . 9%rofdhg todd) #BEBALS on of

t he aboye | on t|o t 54 nm or
bet ween%f’t?” Som ?%&It?é@b alsé/ ﬁw@qﬁ %leﬁbg‘?%?(grg@é%ﬁ%ﬁg%ﬁ be &%e ﬁeach
flash |2 51U @d0eim. 3A ek pidteiéPadiatiofl sirt©woold batvnelin apivhoxtilemt 23% 11. 9%
of the total energy is between from 200 to 400 n 1.8%is between from

240 to p8theriptal enrizi0isdosvasntitammedihto 380gm aerepocionblyphleast Mypenpmoskrred
ra “0”fér%b‘%ge%%%%b@b@&a%%etQtameggyrﬁtbeh@e%ﬁtqo%é%og%%oan total energy is

bet veenPfF 6 nm  nore pre abl'y at | east d nost
Sterilization of the container, which preferably comprises at least one contact lens and

agueous solution is preferably achieved by subjecting the contact lens and container to short
duration, high intensity ultraviolet radiation, wherein the energy density of said high intensity
ultraviolet radiation in the range of 240-280 nm at all the surfaces of the contact lens is at
25  least 18 mJ/cm?, more preferably at least 30 mJ/cm?, most preferably at least 36 mJ/cm’,
whereby the contact lens, and more preferably the contact lens and the contents of the
container are rendered sterile.
Note that the monitoring system that was used to measure all the
spectroradiometric energies reported herein is further described in Ebel, et al, US
30  Patent Application filed concurrently herewith, and incorporated herein
by reference. The monitoring system disclosed in Ebel et al, can measure differences in the
spectroradiometric output of each flash, even if the total energy level of the flash does not

change. That application indicates in an example the importance of measuring the
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20 preferably greater than 90% of the total energy is between from 240 to
280 nm Sterilization of the container, which preferably conprises at(1 §&fsiill
one contact |ens and aqueous solution is preferably achieved by subjecting
the contact | ens and container to short duration, high intensity

ultraviolet radiation, wherein the energy density of said high intensity
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amount  Qfcoll. madlipatfeBly Abdr 2&A111REJonaSarl th® Bk ibefveRh flabifestiobBdut nagiat i on
has dropped bel ow t he necessary anount to achieve sterilization. In the

pr et @r r eblow 706 dnilissconds hbergfare, ¢ stenlizatiodipzadesscandegomplase aithirpsecpeds

cpectrurra i iRp ARt arg e 1 et 0 PRl he el R e S s 0

f1 ashes dafi@reh@idh aﬁe%y talsRmdiQe tHeAdditd deVib@aidontstd @the k&R Sinet. Nanlilke
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if it takes nultiple flashes or pulses to deliver the sterilizing dose. The

pul ses égast | &mukem” (H0-280nm)apashehthe surfege of shesgantact lepg in lses WBRilal devi ce
q ‘ . | S ) . e
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2 O B OB ot il b Lo ] i 01
maximum amount of time (or flashes) in which that energy needs to be delivered to the
container. It has been determined that the energy required to render the contact lens sterile is
preferably delivered to the surface of the contact lens in at most three flashes, more preferably
at most two flashes and most preferably in one flash of at least one radiation source in a

25  pulsed UV radiation system. It is preferred that the flash lamp apparatus or each flash lamp
in the preferred embodiment provides at least 20 mJ/cm?, more preferably at least 25 mJ/em?,
and most preferably at least 30 mJ/cm® UV radiation (240-280 nm) in each flash to the
microorganisms. It is also preferred that the flash lamp apparatus or each flash lamp in the
preferred embodiment produces at least 40 mJ/cm?, more preferably at least 50 mJ/cm? and

30  most preferably at least 60 mJ/cm’ UV radiation (240-280 nm) in each flash. For a medical
device in a container, the medical device having less than 20 percent transmissivity (240-280

nm), it is preferred that multiple radiation sources flash simultaneously to produce at least 80

mJ/cm? total UV radiation (240-280 nm) per flash, more preferably at least 100 mJ/cm’ total
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m croseconds. More preferably, at least 30 mJ/cnR2 reaches the

m croorganisns in less than 1 mllisecond. It has been found that t fid SEP 1003
ef fectiveness of the systemat sterilizing is dependent 20 not only on the
total anmount of energy that is supplied to the container, but that there is

a maxi mum anount  of or, fl ashes ich th n to be
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appls cahmMedxf:altdwlce havé sufficigit transmissivity to hltlmawfdilcﬁeht ersctigiatol toansoEin be
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radi at i Bwoysh the W‘F*Peli andiexicg to,pifset sigripibeg e&f‘tlliel’fenﬁ?ﬁﬁloéé}?e AR IOT¢ he
base, pg 180n¥% 1. cpﬁ'tl&loé@urcc )}tréeclfegﬁ@@fd?%rcontlafne} WO SN Renevni@di ation

are use referably one Is |rect at the nedical device through the base
and thed@Eshmrt hawe ah U €dilecket hntn;gﬂyxaer bhecong;! lqns dist isipdnsmassivehlo gréagerof t he

dose. of thadP e B s ncerearnre o of OF SARELOTZMBEM! < cxposed 1o

sufsg ci ent efgg Eﬂésérﬁ’ly‘ préfelred ﬁﬁ[ﬁrétﬁs folr h@ll%’ﬁg itgmigh iensity rhdigtisiotorties  of
the radiation is not i nmpor t ant y one radiation source is necessary when

the conteritarsienshaving akvibdeckerio @@tmew&mmaq@p@msolutl@nsmtysqmrm-yertls)a al | ow
suffici Elqr[ePlelﬂg %E’élﬂf’ sys{c n(smanufactured by PurePulse Technologies, Inc., San Diego, CA)

which consists of two flash lamp assemblies connected in series, each of which consists of a

lamp, and a reflector in a housing. The PBS1-4 systern further consists of a pulse-generator
25 capable of generating a large pulse of energy by virtue of its large capacitance {80-160 pF)
and high potential (greater than 6 kV), and control circuits. Each lamp generates a broad
spectrum of radiation which includes ultraviolet, infrared and visible light. The system is
shown in Figures 1 and 2. Figure 1 shows two lamp assemblies 35 and 36. Lamp assembly
35 comprises lamp 21, reflector 23 and lamp housing 25, having a protective quartz plate 39.
30 Lamp assembly 36 comprises lamp 22, reflector 24 and lamp housing 26, having a protective
quartz plate 38. Also shown in Figure 1 is the chamber 40, which was added to the PBS1-4
system. The chamber comprises a drawer front 27, the product support 28, and spacer 29.

The spacer 29 separates and supports the lamp assemblies and moveably holds the product
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t hrough the container and device to affect sterility on the entire contents
of the container. For exanple, one radiation source may be effective 8biSER 2003
cont ai ner holding a contact |ens which does not have an UV-blacker inits
pol ynmer, or a contact lens that is transm ssive to greater than 30 % nore
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25, hav?%gqgc}gfbofép H/Cv'es?%lﬂg‘(?@ %éa?ge%g% § gﬁﬁ%g“ﬁc'wﬁ’ﬁnﬁ”@gé | anp
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Also shown in Figure 1 is the chanber 40, which was added to the PBS, 1-4
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and noveshigtion JA€ SRBF Ky ike SHRA SR ABRUTRRIG Frchelfory AR 23
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28 is attached to the drawer front 27. Each flash lanp 21 and 22 contains a
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becHuse28 l'sq;ushahmm mbspmdaehv@:hehe laﬁtp&fsﬁbﬁxhb]ib@ 8S3Hd 96 afd éie c&awa:n@@ntqh
t enper at ur es, ce less devitrification and have hlqg]her transni ssi on

coef fi cFEAEE2 6‘3@&‘ tspalath ths frgat of spaesy 2P e A§e Bxstenrihas ol l5ash oneppaciere
COMMET Cih Eﬂoﬁﬁ%ﬁlapktﬁresftﬂé e laehl H $dlla ghl‘l 8 GY E":ﬁlsﬁ ¥th lhﬁgs to ﬁ&?\nyval e,

CA. The lanp assenblies 35 an face ea er W t ween t he
| anps fmbStahealbrsldmdi‘anmupkyorﬁacRﬂaﬁdlaniprig mﬂéZommlaésngarthyrsunoum{mdrbqras to be

LG e g T S e DO bR S s s et
si g t apapiedeY a cBABECEADE Y andd @h&slﬁﬁﬁoﬁg}% sﬁmmlf rﬁéﬁ?ﬁ‘f’ﬁhe Féfﬁ@to&eﬁer ating
a mninmumof 40 mJ/cnez of UV radiation ( , hore preferably a
m ni nundnst 240aviey ayhediiced (palapnalipanpbelic ¢razili‘ptxcihdlapgfsmém¢rm ¢irqyharctasght when
section around the flash lamps. The reflectors are formed by extruding aluminum and adding
reflective coatings. More information on flash lamp systems can be found in US Patents
4,464,336; 5,034,235, and 4,871,559, incorporated herein by reference.
25 The containers are preferably placed between the two lamps so that the contact lenses
are closest to the center-line between the two lamps, and in the focal planes of the reflectors.
Typically, multiple contact lens containers will be inserted between the lamps and flashed
together to render the muitiple containers of the contact lenses sterile simultaneously, If two
rows of containers are to be flashed simultaneously, they are positioned in the center between
30  the lamps facing bowl 31 to bowl with the tabs 32 facing outward. Preferably, 6 or more
containers are flashed simultaneously, more preferably, 8 or more containers, most preferably

10 or more containers are flashed simultaneously. The presently preferred embodiment

flashes 12 containers some of which can be removably-attached to each other. These -
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the I anps flash, due to the chanber 40 which is rendered |ight-tight when

t he product support 15 28 is pushed into the space between the |anp 01 SFP 2000
assenblies 35 and 36 and the drawer front 27 creates a |ight-tight seaSI
with the front of spacer 29. The system has at | east one capacitor (not
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| east pagithidegur rounded by a reflector 23 and 24 which focuses light in
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cei i Ngwhlfdrddi8tine fidorl S Presently preferred that the |anps remain
stationary and that a noveabl e product support 28 which behaves |ike a
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t he space between the | a ...The product t whi hol ds t one or
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be substituted for the quartz glass. In operation, the tray is first
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preferred that the product support comprises quartz. Preferably, only when a light-tight
cﬁémber is established will the lamps be permitted to flash. A light-tight chamber will
prevent any photo-annealing of the microorganisms’ damaged DNA after subjecting the
25  medical device to UV radiation (240-280 nm).

Alternatively, the lamps can be positioned facing in any direction. Preferably the
lamps face each other. For example the lamps can be positioned facing opposite walls. The
containers can either be stacked up within the chamber or more preferably an array of
removably-attached containers can be hung between the lamps, for example by a hook, clasp,

30  orclip, or the containers can be moved into the space between the lamps by a conveyor.
In the preferred embodiment, the distance between the lamp assemblies is determined
by the focal planes of the reflectors. In the present embodiment, the surfaces of the container

are 21 mm away from the lamp assemblies. Preferably the reflector is designed to minimize
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front are pushed into the support between the | anps which renders the
chanber light-tight, the |lanps are flashed, and after the contai ner gﬁVﬁ
received the appropriate dose, delivered in at |east one flash, th 03
sterilized contact |ens containers are renoved fromthe tray. The 15
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Al ternati e product support can consist of any materi al s which will
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preferred tha pr odu support conprises quartz. Preferably, only when
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A light-tight chanber will  prevent any photo-
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be stacked up within the chanmber or nore preferably an gqur{gay of

r etBv abiast 48 rdiane PEEOY: radistiansin dkarapge el Y- B0 MBed bEmdhe fpliewing fyrmilas ) e by
hook,. .cl 3 - Iy Q. ' ' ]
et veor T Esnctdopiaft | Ban B wbéiip CORLAIDGE Ak HEnBB(E AL TolohBE SR

bet weerfoihel aliggited Soeidlsteds whithdas evoremegy sdiycdshisutfcan bk npldafesif ohe bhe
reflectors. In the present enbodinent, the surfaces of the container are
21 nm duRrg thangio; SET8YSopress seitsPiles. Preferably the reflector is designed

: GV 0 o , el ] .
o I 45 Ch RIS BRI L A e
i ngert R0 eAlgy AGVRVMAE ctadt Mhs 3TNh M Whtindra0, dndeE M)aheicaed in Bighed] fehé, the

reflector is preferably designed to focus at |least 50 mJ/cnZ WV radiation
( 240- 28Dargy teha¥ tre contacekens 3B irbthg con@ingr ¥4d spectrum at the containers. 5

{l'ashos. i GHTS P Radutt (oo ot o MDD 18 gl tevi ce 1 n a cont ai ner . _The
miet be. det (P B R E e BT Bk known that the m i mum
| evel of enewhgte whahahissiuiy Treh(ftehdity winsh genetfatets menatemald/§i (mdensity dndidhent
Z;J E’:‘anC eono; mtatrlzgialr;?-dei"g"ﬁlwlge?c\:/ {c(cl()a ist tcl)1e ?rghsarkigsi\sfitt)? cr:clnlslta.znﬁ)}' g pnagcunsai arlljtia X ?sqtﬂia valent to
thickness of the material. E () is the energy from the upper lamp indicated in Figure 1 by
the arrow labeled E (A). E,()) is the energy from the lower lamp indicated in Figure 1 by the
arrow labeled E (A). The subscript LS indicates lidstock. The subscript L indicates lens.
The subscript B indicates bowl. E,(X) and E,(A) each have to be at least 18 mJ/cm’ UV
25 radiation (240-280 nm) to achieve sterilization of the medical device. If the transmissivity of
the container or medical device is increased or decreased, the energy of the radiation sources
can be calculated, because E (A) and E,()) are known. (For the preferred embodiment herein,
the contribution of the UV radiation (240-280 nm) which passes through the UV-blocking
contact lens was assumed to be zero when determining the amount of UV radiation which the
30 microorganism is subjected to on each side of the lens.)
Initially, a prototype system consisting of two lamps was evaluated capable of

delivering 1.5 J/cm® broad spectrum from each lamp to the outside of the container. Since the

ultraviolet radiation (240-280 nm) is the recognized vehicle of kill of the microorganism, it
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10 least 18 mJ/cn2 of UV radiation in the range of 240-280 rim Th th ]
followng formula wth reference to Figure 1 can be used to cal cuﬁmé 2@
anount of energy. The following fornula is suited for a system which has
two energy sources, but can be nodified if one or nore than two energy

sources are used: Total energy fromall sources E(X)=E, (7. wher e
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in Figure 1 arrow | abel ed EL(4 The subscript LS indicates Iidstock.
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radi atlon source e cal cul ated, because E,(?) and Eb(X. ) are known.
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prototype system-consisting of two lanps was eval uated capabl e o
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Ext ensi studi es showed the output of each lanp at 21 mm from
t he bot tﬂo’fﬂ%ﬂ%avdra nmmpg'ﬁ&ﬁ@ in @lmﬂﬁﬁ]%@(&b‘éhﬁbhﬂ)ﬁ(ﬁﬁﬂﬁ(mﬂfﬁﬁae the)

f h,of the
o o e KRR Cp P R AR g s 8 28 Py TR lenhy 180 nun

m cr Ogr Q:lﬂfiﬁdlﬁéﬁ llﬁ/éﬁﬁﬂltddﬁﬂd'UB ﬁ(ﬁgusi ?oﬁr}?ﬁﬂﬁithﬁs Mferﬁtrﬁ[sifd:ri'ddytocdhﬁsdzohmixﬁng deved.
crobi ol ogi cal evaluation of the effectiveness_ of .the em was conduct ed
usi ng mbai yplwase saydwethand inpubated i) 14-daygiay 35041 g’ckrh‘%'é‘g rﬂ"é%q\.,i? 50 percent

trags m sﬁéﬁll?ia?oh Shethhd allows for the detection of the viability of 1-single cell. After 14-days of
incubation, the tubes were visually evaluated for turbidity and designated as positive for
growth or negative for no growth. The positive tubes were subsequently identified and
confirmed as the microorganism inoculated in the test. This experiment was repeated with
100 additional tubes for 2 flashes (50 mJ/cm’® cumulative exposure from each lamp (240-280
25  nm)) both lamps flashing simultaneously, and repeated again for 3 flashes (75 ml/cm?
cumulative exposure from each lamp (240-280 nm)) both lamps flashing simultanecusly.
The number of test tubes with viable test microorganisms out of the one hundred tested at
each energy level were recorded in Table 1.
The results in Table 1 clearly show that the amount of energy produced by the system
30  was capable of inactivating some of the test microorganism; however, it was not effective in
inactivating any of the more resistant spore formers. However, this system could be used to
deliver enough energy in one flash to sterilize a2 non-UV-blocking contact lens in an aqueous

solution in a container having transmissivity greater than 50% for 240-280 nm radiation.
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flashes *3 flashes Aspergil]lus niger214 (ATCC 16404) Bacil | us89684 .
indicates the number of containers out of 100 containers which tested positive, that is, which

had viable test microorganisms in them.
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5

10

* each flash delivering 50 mJ/em’ (240-280 nm) per lamp

While the modified machine proved capable of delivering the required amount of

energy, the modifications reduced the lamp life from an expected 20-30 million flashes to 2-5

thousand. In manufacturing, it is not practical to consider running the machine with this

reduced lamp life; therefore, the machine requires further modifications to extend the lamp

life. We have determined that the reflectors need to be redesigned to focus the light energy

from the existing lamps to the container to a smaller area of 25 mm x 180 mm, thus

increasing the fluence of each reflector at the focal plane of the reflector to a minimum of 3.5

J/cm® of broad spectrum radiation and a minimum of 50 mJ/cm? (240-280 nm). For a 50
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Bacillus subtilis 100 (ATCC 9372) 100 100 Candi da al bi cans 000 (ATCC 10231)
000 000 Pseudononas aerugi nosa (ATCC 000 9027) 000 000 Staphyl ococ

aureus (ATCC 000 6538 000 000 Serratia marcescens000 (ATCC 13884 OOQC)]UBEﬁ)mm
each flash delivering 50 miJ/cnZ (240-280 rinm) per lanp Wiile the nodified

hi d bl f. del | ' h i . . 2
modi 1| CRRPEGPEaRRAn oREPR e TN PASy rniate y D SRS Sind g O s

0 KRR 2P i 1 A b oo0st ey
f urt her ensgy s abadrbedisr scatterct! bpdhd drg;tdimp increasing the fluence from tche:I rggccrtc?rcs]w oS
focused onto the containers, will lower the required energy from the flash lamp, and result in
5  anincrease in the lamp life. Further, we determined that the capacitors will need to be
upgraded to increase the size of the capacitor to between from 80 and 160 microFarads to
produce more energy to increase the amount of UV radiation delivered to the container. The
power supply will generate a potential of 2500-6000 volts. The energy will be discharged
from the radiation source within 1 millisecond. The reflectors will have enhanced reflection
10 inthe ultraviolet. In a preferred embodiment, the reflectors will minimize the non-ultraviolet
radiation reaching the medical device. The containers will be located in the focal plane of the
reflectors where there is maximum flux.
The criticality that at least a portion of the radiation delivered to the medical device be
UV radiation was proven by exposing microorganisms to pulses of a broad spectrum of light
15  (200-1100 nm), and as well as selected portions of the spectrum. Filters were utilized to
separate the light spectrum (e.g. ultraviolet: 200 - 400 nm, visible: 400 — 700 nm, infrared:
700 — 1100 nm and full spectrum: 200 — 1100 nm). In this experiment 10° cfu/container of
Aspergillus niger (ATCC 16404) (Figure 3), Bacillus stearothermophilus (ATCC 7953)
(Figure 4), and Pseudomonas aeruginosa (ATCC 9027) (Figure 5) were evaluated in a
20  container having a 50% UV transmissive lidstock (240-280 nm) and bowl, and containing
non-preserved solution. After inoculation, sample sets of 12 containers of each
microorganism were flashed with two 3.5 J/cm? broad spectrum lamp systems with increasing
amounts of energy and with a range of filters, and no filter. After the samples were flashed,
the samples were diluted and inoculated into an agar medium in which to count the colony
25  forming units. The results are depicted in Figures 3-5. Figure 3 shows the sensitivity of
Aspergillus niger (ATCC 16404) to the different regions of the light spectrum. Figure 4
shows the sensitivity of Bacillus stearothermophilus (ATCC 7953) to the different regions of
the light spectrum. In Figure 4, the lines for the IR and VIS overlap. Figure 5 shows the
sensitivity of Pseudomonas aeruginosa (ATCC 9027) to the different regions of the light
30 spectrum. InFigure 5, the lines for the UV and Full overlap The results show that the
predominate spectral region for inactivation is the ultraviolet radiation (200-400 nm).
Pseudomonas aeruginosa {ATCC 9027) was the microorganism most susceptible in all

spectral regions.
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life. We have determ ned that the reflectors need to be redesigned to focus
the light energy fromthe existing lanps to the container to a aniLbﬁj 2303
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Figure 6 shows the graph of the average number of containers with Bacillus
20  stearothermophilus (ATCC 7953) survivors in three sets of three containers tested at various
UV radiation (240-280 nm) energy levels in mJ/em? from 12 to 40 mJ/cm? for the fractional
data. For the final exposure at 50 mJ/cm® (240-280 nm) three sets of one hundred containers
were used, and the average number of positives is reported in the table. Due to the linearity
of the data, the D, can be determined from the slope of the graph and by extrapolation a
25  calculation can be made to determine a final dose which will render the package sterile at the

desired sterility assurance level. As indicated on the graph the D,,,,. of Bacillus

value
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the light spectrum In Figure 4, the lines for the IR and VIS overl ap.
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det 0 mi methodarfdteridicaticherinibe elbdiced By addibg ehnisdipvimctehaides, serfadtamishol d of

conplete cell i nactivation for illus subtilis (AT 72) i.s greater
D EPmSeryptives O ittt faiherOplsals of HRkoBi AR rAbie he avcthorias Sikgiigstich P

gr eat er ofihaRe Sy ﬁ)aﬁl}{gC(chorﬁQgerf&r exXPOBiR tﬂé c!oﬂta?tﬁer%&ﬁﬁ &%r&ﬁﬁ%&ﬂg@@% is 1t
is greater tham 18.1 mJ/cnR. TABLE 3 Tést M cro-No. of UV radiation(240-280

nm n mlkxpmged oohntwam”mdpasnres to the radiation source or by heating the container.

O T 10. 15, 118, 12 26,,130. 736.041..1 1744000010
0950000000 1BH0BHHEn B oD ekibed My thiprente 1o particule mbdiments; Aoy Uy

" 5 31%anakdn9O RS BRI scBpd bEiths 38RARRE APms are apparent to those of ordinary skill in
the art.
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S ni e 28g0000000 ATCC ( 11000000 16404) Figure 6 shows the graph of the
average nunber of containers with Bacillus 20 stearothernophilus (ATCC
7953) survivors in three sets of three containers tested at variou§1 8y 2003
radi ati on (240-280 nn) energy levels in mllcnZ from12 to 40 mJ/cnR2 for the
fraction!gl lda_t a. For the final exposure at 50 mJ/cm - (240-280 nm three
sets of dred containers were used, and the average nunber of
positives is reported in the table. Due to the linearity of the data, the
Dva, ue can be determ ned fromthe slope of the graph and by extrapolation a
25 cal cul at i dnpwaessivd siwatleinga mietieal deviee eorfipmahg:dose which will render the

package sterile at the desired sterjlity assurance |level. As indicated on
the graph t héupectingsaid Bediggldevicado 3®T¥%E%$W§%f§%@@%nﬁﬁﬁﬁwugﬁ(Ach

7953y i t - Al nt @i 06y 4 I \SSi vity
fo U0  Sheethe o T P i 1Ees 3 Y " PRl PR G 2R 2S5

radi ati e spp240-280nn) to the spores for an initial inoculumof 104 spores.
For an initial inoculumof 10" spores, the Dva,ue of Bacill us

st ear ot her nophi l us (ATCC 7953) is 7.4 mJ/cn2 UV radiation 5 (240-280 nm to
t he conbai neky 7 - I.at : or £8; | S
dat a vvatg gengﬂrh g?’ écaéﬁss?ﬁr?éél{}ﬂ%w}é\é{e?pﬂgﬁ @‘8@3 é% %%a%g%g%%néeggglﬁg%el’asgrr%iss,p-gpé

pul si ngiséxpubddanadiabyt] mPbe’ afidid Uyhabiavien (2408280 npdurty fidsubgecbingndi cat e
t he @mnunt of UV radiation required to provide a sterility assurance |evel
of 10-65€Br an initial inocul umof 106 and 10' spores. Although not
preferred nodes of this invention, it has been determned that this 10

nmet hod of sterilization can be enhanced by addi ng chem cals, bactericides,
sur f act 8nt s, Thppesess/aftdlaies] wherkiato providée setilityentsrande et of 00f sattdegpordl so
the nethod of sterilization cap b enhanced_ by shakjng.the, container, or
exposi n¢f ?"Iﬂ@sqgotﬁtaé}%@rsabt%ﬂ 5’6‘?\?@55“/‘? HVaedgHon ﬁ%‘}%@ﬁﬂa@n] guring said spbascting

bet Ween s@xposur es to the radiation source or by heating the container. This
i nvention has been described with reference to particul ar enbodi nents;
howe¥er, 15 variations within the scope of the following clains are

apparent, to ose of ordi.n skill.jn, the. art, 2 ;
PP 4. t1'11313 process oir c(iialma{ thcrcm saul radiation is etlwere% to said spore by at least one

pulsed radiation source.

5. The process of claim 4 wherein each pulse delivers at least 20 mJ/cm? UV radiation

20 (240-280nm) to said spore.

6. The process of claim 1 wherein at least 18 mJ/cm’ UV radiation (240-280nm) is

delivered in less than 1 millisecond to said spore.

25 7 The process of claim 1, wherein said radiation is delivered by more than 1 radiation
source.
8. The process of claim 7, wherein said radiation sources are pulsed radiation sources

and said radiation sources pulse substantially simultaneously.
30

0. The process of claim 8, wherein said radiation sources are flash lamps.

24



01 SEP 2003 We claim 1. A process of sterilizing a nedical device
conprising: subjecting said nedical device to ultraviolet radiation{{tep Qg
the Dva, ue of Bacillus 5 stearothernmophilus (ATCC 7953) is at least 3.9
mJ/cnR ultraviolet radiation (240-280 nm to the spore. 2. The process of

clai m 1 jgher efy ﬂr?ce@é 8{»’&4%& q »@%&ih%ﬁiﬁﬂa@?%@'p@@gﬁl 4 sgqfreﬂ&'i and @ 1%:3?p0r e

is exposed to at [east mJ/ ¢ sal adi at1on (240-280 nnm i ng
sai d subylectin g fleknst oPeach of e flasinlaeps anthe €bcal plahe vfwidcreflettor Brabldase a
sterility assurance |evel of_ 10"9, said spore is exposed to at |east 52
mi/ cne ¢® s’ PHradialipa{349n280mul 280 nm) during said subjecting step. 15
4. The process of claim| wherein said radiation is delivered to said spore
by at |east one pulsed radiation source. 5. The process of claim4 wherein
eachgpulige defievrécesadf difiand, vtk s4aadiifoads aélivefed Bosal@gilsctBaialioh 0 sai d
spore. 6. The process of claiml wherein at |east 18 mJ/cnR Wradiation

( 240- 286AwWye isat et tyee pyls¢sn | ess than 1 nillisecond to said spore. 25 7
The process of claim1l, wherein said radiation is delivered by nore than 1
radi ati on source. 8. The process of claim7, wherein said radiation sources
are pul sed r adiedrb@RBs SOIAEIEES, withéln SAH dadiAfnal 1O PR CRE AsEhSemps in at
substantially sinultaneously. 30 9. The process of claim@8, wherein said
radi at i orossBueceysasre flash | anps. 24 01 SEP 2003 10. The process of claim
9, erein said flash |anps each conprise a reflector and a |lanp wherein
the Tluence of each of said flash | anps at the focal plane of said
reflectan. is e pré@sd of ABm, vatiedeih INd kRl tRIni 10 Prodddéd BBOlakérm) . 5 11. The
process of claim4, wherein said radiation is delivered by said pul sed
radiation source in at nost three pul ses. 12. The process of claim9,

wherein gaid 'Irh%q;r(?ctegso B¢ dSnd P WGl e Gl Helic@ T in! s AR B, AL

15 15.  The process of claim 14, wherein said D,,,. of Bacillus stearothermophilus (ATCC
7953) can be determined for a container by dividing 3.9 mJ/cm’ by the transmissivity of said
container exposed to said radiation source.

16.  The process of claim 15, wherein the D, of B. stearthermophilus is at least 7.8

value

20  ml/em’ ultraviolet radiation (240-280 nm) to the outside of said container, said container has

a 50 % transmissivity to said ultraviolet radiation (240-280 nm).
17. The process of claim 16, wherein said medical device is a contact lens.

25 18.  The process of claim 17, wherein said contact lens blocks at least 50 percent of the

UV radiation (240-280 nm).

19. The process of claim 18, wherein said container further comprises an aqueous
solution.

30
20. A process of sterilizing a medical device comprising:
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nost three pulses. 10 13. The process of claim1l, wherein said radiation is
produced by a laser. 14. The process of claim1l wherein said nedical device
is in a container. 15 15. The process of claim 14, wherein said DV %Pdill
Baci | | us stearothernmophilus (ATCC 7953) can be determined for a container

by dividing 3.9 nmJ/cne. by the fransmssivity of said ont.ai ner. exposed to
6@1dm%ﬁﬁ?§e opde

said radiation sotHgeting wsgtogilirgyigiepfagdipt L5 heRingpldm e of
B. steaptlig ALLGS drSaat . : A r awv. : iatl:en
(240- 235 e T8 Qi el qut &6t bl (M- SlPno] o IGERGRORIIET o o
t ransm sedicaltdevice isatildastll 8 nel¥ongl et radi ati on (240-280 nm). 17. The process
of claim 16, wherein said nedical device is a contact lens. 25 18. The
process of claim 17, wherein said contact |ens bl ocks at | east 50 percent

: im- ein said contac eas _
cai & cobal neh” FoFenes et 20, whbRind Ml PRRGRRHen i GBI

steril i Zidrgon (12 BAmMYR\WaREMI@EREhEbngis a2 Feast 30 mPAmSEP 2003 subj ecting
said nedical device to ultraviolet radiati on wherein the m ni nrum total
energy density of said ultraviolet radiation (240-280 rim to

or ocessai ofte posS? R RN Fhel e Ribind) b BRbeed Pl ey Qi

ul travi pldetion (240-280 @A) (o&éﬂfrai?&odrgﬁr)isxhs)issa@jldismscmmﬁ_ﬁ.ani sms is at |east 30
mi/ cnZ. 22. The process of claim 20, wherein the mninmumtotal energy

dendl ty of said ultraviolet radiation (240-280 rin) to said m croorgani sms

is at |east / . . pr.ocess._ of i 0 nerein.said mni num
t ot al e%gr gyisl?eﬁgéfﬁg%&g l]aggﬁg, WE‘%}? lrna\f/i}(f)lﬁgilm?gldtlg %11? F]EST%{%{' E%@gs{ﬂflm is
del i ver gittatioles aidiatitnqRIG-2BAAMS iEddlivele@s sdifl ailcrdBrgane@iifSess Y¥an20 The
process of claim21, wherein said mninmnumtotal energy density of said
ul t ravi $e8dsy adi ation (240-280 rim is delivered to said microorganisns in
| ess than 1 second. 25. The process of claim 21, wherein said m ninumtotal
energy density of said

15 24 The process of claim 21, wherein said minimum total energy density of said

uitraviolet radiation (240-280 nm) is delivered to said microorganisms in less than 1 second.

25.  The process of claim 21, wherein said minimum total energy density of said
ultraviolet radiation (240-280 nm) is delivered to said microorganisms in less than 1

20  millisecond.

26.  The process of claim 22, wherein said minimum total energy density of said
ultraviolet radiation (240-280 nm) is delivered to said microorganisms in less than 1
millisecond.

25
27.  The process of claim 20, wherein said radiation is provided by a pulsed radiation
source which provides at least 20 mJ/cm? ultraviolet radiation (240-280 nm) per pulse to said

microoganisms.
30 28 The process of claim 20, wherein prior to said subjecting step is the step of modifying

radiation from a radiation source to eliminate wavelengths which would damage said medical

device.
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ultraviolet radiation (240-280 rim is delivered to said mcroorganisns in
less than 1 20 mllisecond. 26. The process of claim 22, wherein g@i gﬁP 003
m ninmumtotal energy density of said wultraviolet radiation (240-2 i n;

is delivered to said mcroorganisns in less than 1 mllisecond. 25 27. The

process,of chai m 20 Fei,n said. radi ati.on (s i d

radi at i %Eﬁ stﬁ? B‘é"’ﬁﬁﬁi"fﬁﬁm’ 3\}1 H@%regltsaﬁle%%dﬂcai83%‘?%%33’?%1%&3@}' g%gl%gdi ation
(240- 28QdTherRRE WHkSS s4i@ nfiAintlim MOt PG We s of IRdABravible: REREBAT24M- claim
20, wherein prior to said subjecting step is the step of nodifying

radi at i 230 impwhhreathes $aghmseoergenisms, ditithdr meaches savdesanteythefl said eantawnsr d
d id nedical devi 6 01.SEP 2003 29. The. .of, claim 21,
Wher o1 v BeehY At oAl P8 SRR AR BAPICY LRI SERHA: ner and

whergein said mninmumtotal energy density of said ultraviolet radiation
(240- 280 nm) which reaches said mcroorgani sns, further reaches said
cont ent 30.of §bé processtofichaen 29 wbereimysaidsealed tontaneottbert myfrisssd dowont ai ner
and said nedical device are sterilized. 5 30. The process of claim 29,
wher ei nPESANYCkAERYE OBHIOR ner further conprises a non- preserved aqueous
solution. 31. The process of claim 30 wherein said container is

transm ssive to at least 50 %of said 10 ultraviolet radiation (240-280
nm . 3231.TheThe pwesss oftlach 3D wi@isin faid ttrerinwhie trensmissiiv el tocas et Heps ¢pfssard

tr mssive to at.le % of said radiation (240-280 nm in
suggfan‘flfrﬁﬂoﬁf’té? ’atm“r@%ﬁ'izg&g’.nﬁS 33. The process of claim 32 wherein said
container conprises a lid and a bow, wherein said lid and said bow
conprise thernoplastics and said |lid and said bow are transm ssive to at
| east 5826 of Tsapmwcesadif akaino A 1 Raber2gereimpaidrostalist writanainisgivaltd adieass $0i ons.

34. The, process of clai 3 wherein sajd radiation is delivered by at |east
one flaéﬁPf%QWdad’Qﬁorb@ngﬁi '35}?%5}3&5‘8@ a@@“ﬁ“ﬁ"&?ﬁ nous conponent. 35. The

process of claim 34 wherein said nmedical device is a contact |ens, and

wherein said subjecting step follows the steps of. (a) formng a contact
| ery 33 The process of claim 32 wherein said container comprises a lid and a bowl, wherein

said lid and said bowl comprise thermoplastics and said lid and said bow] are transmissive to

at least 50% of said radiation (240-280 nm) in substantially all directions.

34. The process of claim 33 wherein said radiation is delivered by at least one flash lamp

20  containing a rare gas as a luminous component.

35.  The process of claim 34 wherein said medical device is a contact lens, and wherein
said subjecting step follows the steps of:
(a) forming a contact lens;
25 (b) placing said contact lens in a container; and
{c) moving said container into an apparatus comprising a radiation source;

and wherein said apparatus is light-tight during said subjecting step.

36.  The process of claim 35, wherein the amount of radiation in the range of 240 to 280

30 nm delivered to the surfaces of said contact lens is between 18 mJ/cm?® and 35 mJ/cm’.
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25 (b) placing said contact lens in a container; and (c) noving said
container into an apparatus conprising a radiation source; and wherein
said apparatus is light-tight during said subjecting step. 36. The qgggﬁsglg:{
of claim 35, wherein the anmount of radiation in the range of 240 to

del he / d
55 ol &z, 135 e RS Rl AAILA Sy PR S RBE KR T o ca

devi cecgq §|h e5/-8loeRAAGEh bRORs gre@BPihas 506, bihblradikigon bdrvedn DI02&E gr eat er
than 50 % he radi ati on between 240-280 rim 5 38. The process of claim

37 whensai.n sald radiation is delivered by at least two flash lanps which
flash sinultaneously. 39. The process of claim 37 wherein, the anount of
said ultraviolet radiation (240 to 280 nm delivered to said contact |ens
i's @et ween 18 pildce o MmO RAFEIGERid rhiatiéh 15-Eféﬂv@’é@%9aﬁle@§t teodiagh mpher ei n
said flash lanps deliver at |east 80 mJ/cn? total radi ation (240-280nm
per fl agiich flesbairdulcmaeatiner. 41. The process of cl al m 39 wherein said flash
| anps deliver at least 100 ml/cnR total UV 15 radiation (240-280nn) per
flash to said container. 42. An apparatus for delivering U/ radiation to a
medi cahgdevirge of ess%ﬁfmlm B, h&QBin, BRURIJus Saidlira PR Ek radifidnAdiate 980 sour ce
and a reflect0|p each said radiation source 20 wherein at |east one
sai d refri)elehmedjtorsandsomadimmmmcmﬁﬁemyhnéanfdlﬂhm]m on source to a
trﬁgt ment area, such that at least 3 J/cnR broad spectrumradiati on of

reh at least 50 mi/cn2 of said radiation is UV radiation (240-280 nm
reaChequal ehEn %Mclﬁﬁ?ﬁ) what shide@dsA®hps @li98r AtdedsP 8@ LA totdl €NV ocal
pl ane of said ef ector, and further said treatnment area is where said
medi calradiﬂmndé40-§8fambw ftash teesped ¢amtaiher. r adi ati on. 25 43. The apparatus of
said claim42 wherein said radiation source is a flashlanp. 44. The
apparatus of claim43 further conprising a power supply which has a
capaci ance Thelr&@sd 6F Iéifh 19 Ghakarsamd fladf |4hps ddligepiiadsal 06 mfcnel taialUAA

further conprisi n% ower supply which can generate a
15 radlatlon (240-2 Onmg)pcr flash to said container.

42. An apparatus for delivering UV radiation to a medical device for sterilization
comprising:
at least one radiation source and a reflector for each said radiation source
20  wherein at least one said reflector directs radiation from each said radiation source to a
treatment area, such that at least 3 J/cm? broad spectrum radiation of which at least 50 mJ/cm’
of said radiation is UV radiation (240-280 nm) reaches said treatment area, said treatment
area is located at the focal plane of said reflector, and further said treatment area is where said

medical device is placed to receive the radiation.

25
43, The apparatus of said claim 42 wherein said radiation source is a flashlamp.
44.  The apparatus of claim 43 further comprising a power supply which has a capacitance
of 80 to 160 microFarad.

30

45. The apparatus of claim 44 further comprising a power supply which can generate a

potential of 2500-6000 volts.
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potential of 2500-6000 volts. 28 a 1 SEP 2043 46. The apparatus of clain145
wherein said radiation is discharged fromsaid flash lanp in I|ess than
mllisecond. 47. The apparatus of claim42 which has nore than one {1 SEP 2033
radi ation source wired in series. 5 48. The apparatus of claim 47 wherein

sai d apparatus further conpris fl.a s of
cl a1 8. ek PP of GBS SHE AR Sinds IPErTE o s ARPAREH
ul t rawlgésq an 1591] hl'gb%ngppar atus of claim49 wherein the reflector mnimzes
t he non-ul raV|o radi ation reaching the nedical device. 29

47.  The apparatus of claim 42 which has more than one radiation source wired in series.

48.  The apparatus of claim 47 wherein said apparatus further comprises a second

flashlamp.

49.  The apparatus of claim 48 wherein said reflectors have enhanced reflection in the

10  ultraviolet.

50.  The apparatus of claim 49 wherein the reflector minimizes the non-ultraviolet

radiation reaching the medical device.
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