;e3ell R$V|6 T\ ~c 2 9 MAY 2002 - 1¢ METHOD OF STERI LI ZATI ON USI NG
PRETREATMENT W TH HYDROGEN PEROXI Bébkground of the Invention Field of
the Invention This invention relates to a process for using Qgpmgp@m

per oxi de and negative pressure to sterilize articles such as dica
instrunents, and nore particularly, tola nethod which includes the step of
pretreating the articles with Iiquid hydrogen peroxide prior to exposure to
negative pressure or negative pressure conmbined with plasnma. Description of

the Related Art MediperHODIOFSFERALIRATFON BSINGOPRETREARAENTt eri | i zed

using either heat, such as isywT HIESROGEN PEROXDE chemi cal, such as
formal dehyde or ethylene oxide in the gas or vapor state. Each of these

met hods has drawbacks. Many neBad@rousd ot the Inventions fi beroptic devi ces,
endoscopes, g r.tqols,.etc. are sensitive to heat, noisture, or both.

For mal dehy&—%@%&%@oxi de are both toxic gases that-pose a potenti al
hazard to heal t hgas mveRtibR rélatetd Bl BEeifbNusth i Wy 8FEE PP diBxfeaniidgativd ar | Y

severe, because its use requires long aeration times to renmove the gas from
articl es tlpaesshevto tedlize agidlés sush. asThedicakinstruments @adi morapadiculasy, to t i ne
undesirably long., Sternilization using,liquid hydroge er.oxj.de. sol uti on has
been found q@eﬂﬂqﬂ,wﬁﬁ dhf Y ebsntfng ?pagf BiF Befagggﬁgflaglhﬁqf &ﬁbhﬂg'@sﬁ 8¢/t e
time and/ orpepbBvaiphidr & BRSG A& {cATegatiVBRYES ureSh i dgativa préiu kS Edrabmedvagen
per oxi de vapor has been shown to have sone advantages over other chem cal
sterilizatipd@mi.ocesses (see) e.g., U S. Pat. Nos. 4,169,123 and

4,169, 124) .~ T I i drogen peroxide with a plasma provides
certain adoci)'%-"’rlz‘.?l t HJ% i #%rpat&?/\ disclosed in U S. Pat. 4,643,876, issued
Febr ualry 17, 198\7\§Hitaﬂm?bm§ats Pfdve.trddit&)ndl’qtbee?,széiﬂiz&ﬂﬂmi:hgelﬂbddhhat,)su&}?,
1988 al so to Jacob al . discloses, the use rogen peroxi de vapor,
gener at ed fasdﬁpwéaibm?%mq eherpica yHFbgézor '3%&1%@? oasﬂylweewagm of
the reacti c/ n te C Oy i f
nydr ogen palSRRIcn, st e, Cackf of (RS FRUAIChEr Bravbadsr R et
be - 2 devidey, addRas fibetopticl devimbs penidgdcapes, pawer towlstatci ariezsensitiee to
articles, even wifhin closed_pack s, Further, these nethqgds of conhi ning
hydr ogen p R Wtﬁh FE”BP@@E&‘?G ane FQ’VLH@%? ?ﬂ"%fr?m bﬂ_@hm"éﬁlﬂ%g@‘,a‘ have
been found gRebepbitAtislHaAd & HRhitkEdre Shérkiets. ZPidbIEME Wil etihIEfe BAYE e
diffusion-restricted areas, since the nethods are dependent ‘upon diffusion
of the sterparaewlarlyseyerenbecasisedls ysedrnuires long aeratien dinmesclocrameovs ibe gas
sterilizati c ey . Sek “‘[]ﬂg V, . t
require hi gfﬂ con g%?rtglgrgﬁv%ﬂjeseigért’?v%lé% N j)b’?%n e §et5go§ﬁ$fe}§ .'Jrr"g%gﬂﬁ/@?e

el evat ed t amdesihblydsnghen used on | ong) narrow | unens. For exanple, |unens

| onger than 27 cm apd/ or hayi nqg a_B Ln‘%ernal di ampter, of less, than 0.3 cm
have been parti cUEHHZ3NCN pping liquidohygrogen;peroxise solutignhas, pgen Jayrd to

effective Wsﬁhgg rggh _Séoﬁ{chh{rsﬁ&g_o% !??érh%ﬁt ey iErfede St Sl stird 'iidrﬁ@eanBVd}roélegﬂE% SThe

sterilizatio ticles containing diffusion-restricted areas, su
| ohg nar r ovtempeeatarest hétoiever, pedtizaticn asingebydtogenapéroxide vipohbas bebat

use hydroge er oxi de vapor _t hat has bee enerated fr.om.an agueous
S0l ut ] on_ SRR B bAve SPEE Ay SRIRRE SYBT B RGN siat 2t BIRERIE (seqny o,
has a hi ghesgvapa pyteRod! 8, 16RM2DHNd0aaBRNELHXT TReadSmbirationasPhiydRdgkast er
t han hydr ogen peroxi de from an aqueous sol ution, ) :

peroxide with a plasrmia provides certain additional advantages, as disclosed in U.S.

Pat. 4,643,876, issued February 17, 1987 to Jacobs et al.. U.S. Pat. 4,756,882,

issued July 12, 1988 also to Jacobs et al. discloses the use of hydrogen peroxide

vapor, generated from an aqueous solution of hydrogen peroxide, as a precursor of
the reactive species generated by a plasma generator. The combination of

hydrogen peroxide vapor diffusing into close proximity with the article to be

N LT

*166166*
*G00002* |



2. Water has a | ower nol ecul ar wei ght than hydrogen peroxide and wi || |
di ffuse faster than hydrogen peroxide in the vapor state. Because of this,
when an aqueous sol ution of hydrogen peroxide is vaporized in t?gr@gﬁﬁm
surrounding the itens to be sterilized, the water reaches the i fitrest
and in higher concentration. The water-¥apor therefore becones .a barrier
to the penetration of hydrogen peroxi de-vapor into diffusion restricted
areas, such as snmall crevices and | ong narrow | unmens. One cannot sol ve the
probl em bysteglized agdwalaemaf aasnto eerdipectesartiolest even avithio sdlogedrpackages.
concentrat ed hydrogen roxi ge, sjnce nong ot her reasons, concentrated
sol uti ons ""I”é}d‘r EW%SPQ%Pg@'QE%@%E‘Y&Hﬁ?RBSW\’/ﬁﬂctjm"l't&ﬁliﬁ@ahm}edous
due to the i (chi Zé 0 Yoshd : ngs: et al .
di scl oses %&g?gﬁﬁlé%i%{e@%?gggqﬁgrgﬁ gﬁﬁgdﬁggﬁiuﬁ%g%%ﬂﬁgﬁ%"'e {/ogpor
is first cionatticksdhaving Hffwidn-odstridted breastsindd theadethaald aré dependentruppnof
vacuumi s lied to,the sterilizati.on chanber to evapqrate the ter and
hydr ogen p@?@iioﬂ‘_e _r% SHRElapt jvaper inig §?C_f?§t RERKIMLY witry t yarz(ﬁy\gébejore
sui tabl e tgedfigdtidd &h BUBLRIR. ITRUE (Rése thithbds hARE hEGH folfdAb redttid high

f h a ound 1 n Tunen

sterilizing diffusion restricted areas, suc s those

devi ces, storseentrationcofdstpelam, extended @ixposire dimefandier bledatedetengmeratirels
vapor into hhe | unen t'o effect sterili z?ti on. U.|S. Pat. 4,943,414, entitled
“Met hod f o NEAFEEISPRIONE, DAITGN HMEDs i FOE EXAIPIeglumgRs, lonees than 27u6m 1 o

Jacobs et #d/or Wa¥ L aRSirReiMaP eishelel offfesstHan’ 635 ¢ %Oéa:}]éggnggﬁgﬁp?}yen

anount of a vaporizable liquid sterilant solution is attac

and the stdifficulnto stepbiziez eBhuspaof simde, diafez effegtivermethded of steeitizorig sineller
article as, the pressure is reduced during the sterilization cycle This

syst em has %Fé‘saméﬁf'agﬁeﬂﬁ%ﬁ’ e water and hydrogen peroxide vapor are

pul I ed through The slevili2ariby of ARidleLesitainirg diffasioRtreaticidipdre£isaés as long
increasing the sterilization rate for lunens, but it has the di sadvantage

that the Vearsew lumens, thereferepresents@ speciahehrliangen Methods thatuseihyddogem

vapor 1 ni P HREIde FanGP (A 358 baT BendRieLEAESR B ASuRAARRET of HiRibt
process fgperskitte havi ogrtaiardisadvantages, bddause:pr ocess uses a nul ti conponent
sterilant vapor_and requires sucgessive alter na}tai n eri ods of flow of

sterilant vaporland MYaleshas ahigher ¥apar Rassure thannydseger perpyide andawilk
used to a I f cﬂi%?a r is used,

cl osed end liun%zﬁgﬂg%gﬂglﬁhpggboqeﬁﬁggﬁel¢%ﬁ§1 t esgg)(l)ag?g’s?. Thus, there
remai ns a need 2or aWatephas ahowef fetedular weighttthao hydepgen mdaroxidei anak wilh of
articles haying.are ere diffusion of .these vapors is restricted, such
as | ong, r@ﬂf’ﬁ%ﬁsiﬁ{aﬁé\.ﬁw}yﬁﬁﬁ??pﬁoxﬂﬂ%'q FP\Fem‘?ocSr‘?? 'e aspect of the present
invention rel atBscdudedoffefhigdwhen aheaflédusngolationnof! hfirofén apéteides itV th
a diffusion restricted area, such as a device having a |l unen. The nethod

i ncl udes tvaposizegdndheasaa sutroHpdingdhe itests o beysteriligedicthieveater reaches theii d

solution ¢ IgSLN yidr P I s an i e vice to negative
ressure G it g A BRHE REehfiGion " IR dad e EoRe HeolRd ' 1
one enbodiksgfier td the perfetraliohodftiydeogersperexideatiapor intb difflidion Pestéeted aréd, St ep
is conducted for 1 hour at 40C and 10 tgﬁr‘n the diffusion restricted area
pr ef er abl Wuﬁbtaéisl%a'b?@ﬂ'?@{ andlongRarrow lymgeh Peesanast selve the prolemvby or
more of t han{ikg AleP oM tHlfaqueous solution and using more concentrated hydrogen
peroxide, since, among other reasons, concentrated solutions of hydrogen peroxide
greater than 65% by weight can be hazardous due to the oxidizing nature thereof.
U.S. Pat. 4,952,370 to Cummings et al. discloses a sterilization process
wherein aqueous hydrogen peroxide vapor is first condensed on the article to be
sterilized, and then a source of vacuum is applied to the sterilization chamber to

evaporate the water and hydrogen peroxide from the article. This method is



"2 9 MAY 20Q2 -4 placed therein after the exposing step. In certain
preferred enbodi nents) the diffusion-restricted area has the ngE@yZ fror e
diffusion restriction than provided by a lunen 27 cmin | ength W
internal dianmeter of 3 mm) or has the sane or nore diffusion restriction

t han provided by a lunen having a rati®-of length to internal dianeter
greater than 50. The solution is pref-erably at a concentration of |ess than
25% by wei ght. The contacting step can be performed by delivery via a

net hod sughitableitojseeilizeBurfata] heweveak it isiineffettive @nrdpid|Q Ui IRin PETFRSIN-
spray. In a preferred enbodi nent, the diffusion-restricted area is a |'unen
at |east Zestogiedrareasgbeh andahese/fawndiin lupenehdevicesnsinge ibtomdepends eman 3

xpostng SrEgEtr ef B IBle PerdRe vapBERE ey O elel il 4tEn. T"°

preferably perfloiserit.as, 9 3p4 BE Serititldde 3Mdthed foh&/apep SterfliLsionr 8f Alrtibdesr ogen
peroxi de. Thus, the preferred pressure range under conditions of the

present i hya4ipg bHMessHanddesied tenacebs et al-r distlesesa pprgess tuwhichyayessedr r ed

hodi ‘ _ . Ny ' t he. . .
conduct eq SPAPBESN Bric g SbadBli el R e Mt bl BaH et
exposi ng < kpnanandnké sedldmeapbeapesbnd dawsndjrddily iatd thelle@mebwsfihéartitle

heati ng the chanber in which the exposin tep occurs. _The chanber can be
heated to aébé\?t p'@é@'@dsdﬁéHFe&.S@."% the ﬁ&'ﬁ\?@ﬁ?? %k-sJI"U% isysiemahapdhe
heated, s t : t ! ippal |y,
tho step SEvafigtind IETWEAG U6 jarBREh netthadt Vabo? 304 g fro il BRC
step of edlpowinnby the pdessureediffereraglt that epistss Snereasing thon steeitibatiomeate for

enpl oyi ng ,.exposure tq plasnmp, fhe nethod s perforned wthin a first
charber alHmeRs %@2&%@6@?@%?&% Wa&tg‘%é’gﬁﬂl “%@aﬁo\ﬁ’ﬁ attpghestto eaghs
embodi menty,fiah! iFbe GRMIZEHES I RAMHIGR, Whter! i9WapBrik&® &S TRd 'g?%%o{eﬁ%fe' rst

chanber. Advant ageousrg/, the contacti'ng and/ or exposing step e et hod
can be repwyaregeroperoaidenvaportinteethe Wroemer aspect of the present invention

relates to a ngth for sterild zi n,gnteriqr and,an exterjor of, an
article. This tﬂ&j '%ﬁ?,’?tuﬁg_s ﬂf.ﬁ%ﬂ%ﬁyé rr‘?g'ss‘?'éf)lgtc‘eq:GrR’QEF?snt?_’tsﬁ%'”&'f‘ScI e
With a |i Gifirfbyw PhdbhN TRRBHOcESsNGsedysl B BoMPoRshRerilBROVIYGHCiHBrddifires
article in a diffusion-restricted environnent. The contacting and placing
st eps can sbecessivedltemnnting periadsrof flawof steridant vapepand discontinwynse afysuch

exposi ng di §f usj.on-r ricte 1 . | pr ur ar, a
time peri gg’%'uf’%‘i%%ﬁl{é %t arit%é '%Wo@ggg‘?ﬁ‘gi'?‘egfgﬁé&%@t egg‘?aé'rsglfj%‘%{ti on.
The cont aahidughs bk vapen iDaised; tluseddendtionemsoire Ao readilgr stefikized agi the
step. If the exposing step is conducted at 40C and 10 torr, the diffusion
restrict ed™@/%5r onment preferably retains 0.17 ng/L or nore hydrogen
peroxide after g fHERSIENhiAL P nelld foflPisMpltAndlefERive Hethdtf JVUREEN
per oxi de placed therein after the exposing step. The exposing step can

i ncl ude t Isterilizatioofofharticies chavireg areascwberes diffusion bf) thesatviapgrst iserestnintésdyr i n
whi ch the exposi ng stegqv(#gcurs or by heating the liquid solution. In
certain pro¥CBaAsdane s HEENS+ he diffusion-restricted environnent has the
same or nore diffusion restrictiufimh HeOnivEmtody @ single entry/exit
port of 9 mmor less in interna lraneter an cmor greater in length, or
i s sufficientl yOdgefaspestorf ﬁ@spnﬁsembm\tﬂﬂtl@ﬁnﬁﬁhi@felwasm@%bdi foe sterdizinglaps s

steel blade,within_ a, 2.2 cmb b aving rybbher st opper
wiin a1 ielera s i R Stk Menoichlad s’ dRIEE ERFS]
torr for qumemoUTheéinetHtd inEhdesthe sty sfaivnesactipgthe fiteBorét the dBVRce with
contacting step can be by delivery via a nethod such as injection, static

soak, |iqu diquidvsolutiosuslomprisies Jixsirogpn aperopides ARd: axPpesing the deige dari ng

the Step of exposing t L wnen i I | .S ,use t he
met hod car{“ffé’"gﬁf’f %??WEHS Y ﬁﬁ%pg&ggggg@%’ﬁéﬁﬁﬁéﬁﬁglﬁ% %@?égoéér!ﬁro& ed

wi t hi n t heeraBBditheHt) the Titiisd sdltionds Ppeeacetic aeil. N tHeoexporingistdp 18 canduktdd
chanber and the plasnma generated in second, seg‘i\r ate chanber and the

pl as Ha fl Jﬂedl hewrat 498 G and i Odperbee ?iifﬁtrf@rum#ré@ arqaerypfqlreblyde@mﬁ Qilder
_ . . T .
o e P SR Ao e 175 f ot S0k SlerdollBe T

include a filter. In a preferred enbodinent, the filter is sufficient to
prevent entry of bacteria fromthe environnent into the container. The
solution can be used at a concentration of |less than 25 ~6 by wei ght. The
exposing step is preferably perfornmed for 60 m nutes or |ess. The nethod
can be conducted along with the step of heating the article during the
exposi ng step. Thus, the exposing step can be conducted w thin a chanber,
and the chanber heated during the exposing step. The exposing step can be

o . o N o A NP - o, - o



2 9 MAY 2002 FIGURE 3 is a cross-sectional illustration of an inocul ated
stainless steel blade placed directly within a glass tube having a filter
pl aced at its narrow opening to create an alternate diffusion-restricted
environment for testing the sterilization nmethod of the present ig\r@?t@?n.
Det ai | ed Description of the Preferred Enbodinent Sterilizing the & of
| unened devi ces has al ways posed a challenge to sterilization systens.
Achieving rapid sterilization of |umemed devices or other diffusion
restricted articles at |ow tenperatures and | ow concentrations of steril ant
represents an even greater challenge. In the present invention, the
shor t comi f\ggePfth&Mf RitePth@dxpBliRk! stép.| ZRAl LORaIRY BlFERR! Afe R
pretreati’ﬂg articles to be stgr:’%lﬁ%zse W th ana'aquouse%oﬁwcgﬁﬁog?ﬁy%rogen
per oxi de diffugonaestocted araz bastivel simegobmbhe ddfus roraredtrigtidnabam pperided be)
prior to exposurge to a yacyum or optiopglly, plasma. The nethod of the
present iani( f"’i‘_o?? b olf E’é@ﬂ? édetarﬂa' %{Biaggﬁr%‘_?tle?io?}m 8% h?%?@n@d"‘%ﬁﬂ
non-) umengdrAdifEiGS rédidetiot MUH bré\nged 3t a %Hennﬂﬁvif;lﬁe@ﬂﬁié} Bfl h Gbes nor
| eave toxic residues on the sterile articles. In the thod of tlie present
i nvent i oriptethaldiemetengreater sdrub0orfdhedol ttjalr apreferablyxatdecenaentration @f ed
into direct cont with.the article to be sterilized. In the.case.of a

| nened Q6% €8N Thb SorEiaEn T ST CRAFRIEFLBE RIS L Mo SFUTRDR Vid A | he
case of aRefNdd flch BAWB&icH) sdtRAsodReTiguid fﬂfoU»S{rQBug[fm OFHIPSsoll SpFStIn gt ed,
the solution is deliverer) to the interior of the diffusion restricted
area. Therefatrashembedimentdhe diffusionrresiricted ayes de aj lmen heldashdn @n innt o
contact w t rticle to be,st.erili s such a i ract

el i ver y.ehe afd Mokl R dgimeler(dtchd W HERelF g Wit azelridy' oy

aer osol gpivaryg arl ivite il edifete PbLlib b Pisre Aharny g EThed@XposirSstR ik prefersiat i vel y
dilute, e.g,, U&Sﬁ’ ggw as 1-3k or | ower, by w?i ght, since sterilizatign is not

achi eved REXIS R &inyites ot Igss, ARG SR gseblyxperorsegd gl apressute Jest her

is achie t4r g@& j t [ j osure
to hydr o\ég%”g'té? gﬁ%‘?@%@@ dtﬂ'n err ac%%r?ctyr%r' vggﬁsrﬁrkﬂgg)ﬁg% Hgg%#ﬁw;ﬁaagrgm. The
met hod ofuridez qorelitons ioftbatpreseritsinpamtiorc id detweed fleahdvEOMitddr. aht iookes

havi ng i nacgessi bl e ger h rd-tt::)a,-reachh%l aces. Such articl esgi ncl uds gong,

nar row | (RASHSUIaFY Rjgterrechembprlipent the PERSSYIS IS APRpRiceatelinE} drapfuBRon of
vapors i SexRsing Gtédl- is condhiéedO04 a8 temperature -of appfobfMEIQ! 28PET 3bi on of
one enbodi ment "of the nethod of the present invention, which'is useful for
steri | i ziapproxienatelyi 26 Gf The ryposiag stew danrivalde) the stepf off hdating the artithes | unen
to be sterilized is.expgsed tao an aque solut.ion, of dilute, hydrogen

per oxi de.sufheasgauhgﬂéniﬁ]eua?aéﬁb%ra'ﬂ ‘gﬁ‘cﬁgﬁng‘PEa'“ésS‘%P SHEP: i—%ﬁ}anﬂwect ly
into the danneé heateddto abait 40s0alsi dhut 4530, d Allleamativelyp uBB)soliiticie efrs ble
spray. 2. The lunmen to be sterilized is placed within _a chanmber,

d and t he
chanber ifseaé%ﬂm%'gﬁaafdmeeéems@awe( ehalpyt A0 Cate Aboyt B °Gel PriicsallY.dthehe
i nsi de of i : i I fhe-~d } ) he
| uren i s S(ta%(;%égé togin‘[:ghg{'%/ggﬁ%% Orgg‘gg%g?ia%h g# %‘%ﬂr%}ézg%gg@ %ge{hgrr%g? acélfure
suf fi ci erexposingfthedevideanirdgative pressdre. Thenetembodintentempleyingraxpeskirer om
chanber. In an alternative enbodi nent of .the nethod of th resent
i nvent i o RlasMa; tBe TEthRgqis; BERERe it 7 115 ChYmRCE Had: e, BEEAS
out si de :h Gl J I I | i , | be
ater |12 &S RLeE N & Roohd, depepatd AR RO o b her Eoblss &8 70
to be st etep pt8dwisg the pladsmai intaithefirst ebambet.e Advantageassly, therapntagdingow

| umen, peroxide is.introduced to %‘Qg inside of the article..For articles
whi oh’ ar &NAe" RGNS SRBF GLIMe Method sat e speated §e€ PRGNS anywher o
into the diffushether 8§iddt oF Bk SrRdbRORVBAon RAARK 6lQ ridtholdol fbFiREHE

either before or after placing the article in the diffusion-restricted

envi r onnenterioTanddam faxteroor- efean rarticled Ehivimetednincludasathei faljowing stepscl e to
be sterilized. is then placed in.the chanber, exposed to vacuum and .renoved
2s i n st S50k BRGTRIE It 2 TN RT ror AT a8 b oA R ATRGT e
present idiy&Rg O artideirps Hifflsfor-Fesbifcted ervitddBEnt. STIRXEORE&IALar’d YREIHgM
followed by |ow tenperature plasma for a time sufficient to effect

steri | i zatépsncanvbe pedfoemedrinteitheprosdent Thesectépscane foHowed ky axprsing the t er m
"plasma" |.s i.ntended to include any portion of the gas or vapor.,t.hat

cont ai ns AP SREN e EAVifartaeH A ndiRlive edied BF e el LT HER 9t ons
or nol ecul es produced as a result of an applied electric field, including
any acconpanying radiation that mght be produced. The applied field may

cover a broad frequency range; however, a radio frequency or mcrowaves are
comonl y used.
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1 ~ MAY 2002 _g_ The sterilization nethod of the present invention can also
be used with plasmas generated by the nethod disclosed in the previously
mentioned U S. Pat. 4,643,876. Alternatively) it may be used mnt&y@{gﬁ?as
described in U S. Patent 5,115,166 or S, 087,418, in which the a 0 be
sterilized is located in a chanber that is separated fromthe plasm
source. The present invention providessseveral advantages over earlier
vapor sterilization systens, such as,~(% ) the rapid sterilization of

| umened devices and diffusion restricted articles can be rapidly achieved
at | ow t eiaef @hpRts steRlizdtlim. U QIntsAlEaM Bda;rﬁ@b pBAbAREH Bbihbdlarairdous,
solutions of anti-mcrobials is avoided; (3) the need to attach a speci al
vessel t aftdethesplacitgestepant thmmtssmmsteplmngndwaed @w4|066:“em;d 18 tetrj thenat ed;

4) no c.residues remain ce th d a end of
the procltSsiad apsthigtec: SRaBiny metash B b, et ehindedvesfe osed
end | Um%r&ﬁﬂe%ﬁeﬁ?k@éido@ﬁ% sz@;mdor(rz)a.ﬁmmraqaése 5%&%@@&@{:@&%
desired wi thout undue effect's. The nmethod of the present invention

t her ef or elpregl/theesinfafier @hmegmsynefsﬁepcu B exmmaztapdnosrcm tnhelsastp okl y

d of I d
SUer 11 2 BURE ABE R 51 Gath ohiae AFRg, e h R DL R vy RECUEE ASPE 11 s

per f or megdcarseyaby dHeatingaheflfq@ad sefutiid. ute cEMﬁlthoﬁﬁ-zfﬂer?&i @Mbiﬁumehtst kns on
contam nat ed surfaces in an open, non-diffusion restricted envi ronment .

These t estifusior-rertieter Y RENRR hasEEntsree pr rEsaemﬁrféanLorrdeevau%mart he
sterili Zﬁrb&'agﬁft&}n |e°£n:¢Yﬁeyﬂ%oF[y<gF ggr)ﬁ('ﬂloggE%xl'nq HRhM (?la%t | 8RF1 ¢

bi ol ogi c onS|s aC| us stearo hernDp I'lus
spores ororagreatar iivh daen:gtb,t eels Qﬁﬁtnpat!ylﬁaﬁdﬁom&tne&d tol coreplendledidolliddes were

subner ged . nL g?ogen 2'ger oxi de sol uti orhép a 100 beaker. Four
31 11 or onctaBRsEHER 'P'iaeﬁ§~l Nt d @'@nbbépcﬁf‘i‘ 5§ b¥ke NBWNGer BuhlsEdtoPRRT 6~
9~ and 1%?% ey saRen Q{a?ﬁi%& é’{@él LLfBa@?geFé?n%?%kvdc%uWSf RE C}Q%'fgﬁ

solutions for various tine periods. s were then renoved fromthe
sol ut i on aredhdwsited °or Thea soliution yan‘ﬁeeperee&lictandxf Thhicentastingstepacan e st ed
in Table,i as,.a rat.io of the nupber .of inocul ated bl renai n
cont ai ndbedelyek e a dosbie B985 iderifertalt SPabc iRl Hou BeuER 6E: eq.
2 9 MAY ZPdsol Jsaravabmsﬁaalifaheﬂgo BE Ude@dUrRizeRtstas bP@x@BﬁngQ'ﬂ@é(lu'FhéFE&) on

Sporicidal Activity of HzOz Sol uti on Concentration of Sol uti on Soak
Ti me3l 6~gweERtive presayred/ i njasmasds upedhaha methpd £pa be mrfmnmdwnhw gegded

m N4/ 44/ 44, égdﬁ{‘)f TheHiEma dequrbdl il b DL RN T Dine Meflod dlbe

det er m ne | on was no ect ed er t

had been ;i@ﬁkeﬂed:cwuﬁm)/% Wgr@@arbqaeg@(uhéa:lsghaltgleﬁeragéd ]ucrab sbealﬁd RParaaut es.
Mor eover, none o ades tested were sterilize ter 2 hours.in 6%
hydr ogen G gmp 3ma flewed ipr e fiFs mhambes. dﬁh%%ﬂaﬂoemﬁ% ed wi t h

dilute hy, ccgn%lfi@r E?rég?ébgeatqeéﬂgin%”eﬁ e, 's%chgﬁf&?&méf%aatt 9559W'(§i'cﬂ‘9|n

sterilizatlon exten soak ti més and concent rate solutions are
used. Tedength amakhasent lnpgnﬁbdnaenttermfék/mhuat kess. hﬁhefexembemart aleo include
sterilizati

n_ of |on narr ow,| uoens retre ich,the
umens. ¢ o 508G el 71 Fiftech SERsliBany dhey ik RRFER 48 RBYE: SRR or to
exposur e BRtétia/ A6HRe dArdiREntNgLS IR eeﬁedwetrherref 416860 cah By dsDaNa
peroxi de vapor sterilization inside the |lunmens. The testing is detailed

bel ow i n @@usapiration ofxlesslitban 25 %i byoweight. c ARl exrpsin®ritestis myelerably 9 x
106 B. st oqmrfg?é%? b‘:‘ﬁ%%g%r q?sgonﬂr?e HeMAY 855 vat &Silauitdd BRIngh A GhYas

used. So nocul at
step of heating the article during the exposing step. Thus, the exposing step can

be conducted within a chamber, and the chamber heated during the exposing step.
The exposing step can be conducted at a negative pressure between 0 and 100
Torr. Advantageously, the various steps of this method can also be repeated one

or more times.



pretreated with a solution of aqueous hydrogen peroxide. O her inocul ated
bl ades, designated control blades, did not receive pretreatnment with
hydrogen peroxide. The pretreatnent consisted of 5 m nutes of 74t 102
soaking in peroxide solution. The pretreated bl ades were blotted dry) and
each bl ade was then placed inside a "1 ~ MAY 2002 -11 stainless steel

|l umen, 3 mminternal diameter (1D x-60 cmlength. .The |unen had a center
piece of 1.3 cmID and 5 cmlength. "“The pretreated bl ade was placed i nside
this center piece, and additional hydrogen peroxide solution was added into

the center piecg L Qu FOalpIA : '
I dentically, e%glp?ngﬁg?%t E?%Gg:égttﬁ%t' recgﬂvéaéggﬁrge%\?ﬁngn{%\?mg{ ﬁ%‘f%ﬁ, ggen
per oxi de swriliziednartithe Withiens ditesoptatréded ncantamenunt isiiambeiod aitduddie
chanmber was evacua&ed E@ 1 Torr and held there for 15 mnutes, during which
tine the CORRSRBUPE e eulea P LBPH“aﬁ?JPBQFW@t*éYCi}OE%'CPFEP 5% PRAEERy 28C.

Fol | owi ng (g El%eirf]gh%h&ff\@i%\%%l rikfee EHREhe W@%aqagg;&s%ﬁgdutths {?J;ﬁﬂes

were renoved fromt hanmber and tested for steri results were as
fol | ows: TabletipgEfepeprtecedesRheplacingraap, tYved-diyaictogestedesrobe depdGont aftdrr at i on

Sterilizati f.th teri f A Wth 1 ~6 hyd, : id
ol ut on 408 RIAU0BIal Y EShal HIcH B PBWARIEH SR MEn o R BPnPBERECades

not pretrgahefndd id r&géﬁ‘b‘é JaBlsareJoPaetimRaberolNs ABERKI 48 effect complete
sol uti ON10NL++20NL++30~r L++40NL++50N1++100~r L+150pL+200V1- 250p1- - -~ 9
MAY 2002 stezilizByionnof iha/artiglelr ddercamsaiost deeds bt this aspemicf whe invantivni hasonal
per oxi de I it o e nt pie es, N retr ed, w th C
per oxi deBI%ggggStp&eet re%gtte"%%l n%gr%x*fg@ea%réfer%lyphas L SRS AR GR which s

sol ut i onl@referafiNdufBieiht 46 ptevait @htrk P Whcldr RINHZO AL 2601 e O) THE Bt frtfe

hydr ogen peroxi de sol ution and vacuum Addi ti onal peroxide added into the
center pidcaBleastetOndD iprlergtbanddonhasarunesnal cinrmetes op Semmear tassi Fhe

2oL, 2 3ok oEE GOV JRISONn (e, HOBBDARE 465 1>
contacting step, or the entire method can be repeated one or more times. In a
preferred embodiment, the contacting step comprises delivery via injection, static
soak, liquid flow-through or aerosol spray. The container can be exposed to a
plasma during the step of exposing the .container to negative pressure. In one
embodiment, the method is performed within a sealed chamber and the plasma is
generated within the chamber. The exposing step is preferably performed for 60
minutes or less and/or at a pressure between 0 and 100 Torr. The container can
be heated during the exposing step, or the solution heated prior to the contacting
step. The invention o includes the sterilized article within a diffusion-restricted
container produced by the method of this aspect.
Brief Description of the Drawings

FIGURE 1 is a cross-sectional illustration of a lumen containing an inoculated
stainless steel blade placed within a glass tube having only a narrow opening to
create a diffusion-restricted environment for testing the sterilization method of the
present invention.

FIGURE 2 is a cre<s-sectional illustration of an inoculated stainless steel :
blade placed directly within a glass tube having only a narrow opening to create

an alternate diffusion-restricted environment for testing the sterilization method of

the present invention.



sol utions of peroxide and exposure to negative pressure. \Wen tRE MM
was applied, the peroxide added to the center piece of the |unmen was

vapori zed and contacted the bl ade, which was sufficient to effect
sterilization. It can be seen fromthese data that the pre-treatnent

i ncreases effectiveness) but that pre-treatnent is unnecessary as |long as
the peroxide diffuses fromthe insideto0 the outside,. Sterilization inside
various |unen sizes after pretreatnert~w th peroxi de was conpared with
sterilization inside the |unens w thout the pretreatnent step. This testing
is detailed in Exanple 3. Z 9 MAY 2002 -13 ~Examole 3 A bi ol ogi cal

chal | enge consigHm f .l : S; hj 8

st ai nl ess st eelgsbc%?%g’l 'Sb]al %ézesss\‘/\%/gguﬁgae‘d‘?lﬁ%@%Ed?ﬁBmHTgLﬁl%&gesﬁm\l/g%oﬁg? lst ed
of the i nbdadepbatedidiety baitig agtash et keaking & filtar plalcad iaoits nérr@%6apenaus
hydr ogen per oxi de. Tre pr et a‘?at ment consisted of S m nutes of static

soaki ng i HOtHB2IEeA #itAENaS Hiffysinn-resiciqst apyignBaNbicfdestinghe sealizationdr y,

then pl acgdhhBHWARE pﬁggl%(?rim@g o6 of a stainless steel |umen which varied

in size, together wt NI 3l hydrogen peroxide solution. The center

pi ece was t . 3cmlID Mi@mgg'@tdm.omgg IPrﬂe:rned@bedi&epﬂl ow consi sted of
TR b byen” SEPATHRR RIS ALLIRE el s b Baat Sees Hhehert ey
into the crplighiBhesRtedls. a_A%wwmgeriaspiats%@f#nia%ﬁn%g ggﬁ&#@a delicBs B dthelf 3

~6 hydrogen peroxide solution. The center piece Imensions identrcal to
t hose i n ddfision restricted aficlennt v tatnperatiresnandwow anpedntratiansadfistdrdanthe
effect on sterilization of *Pzg%n“i nterﬁgk di aneter and |length. The .l unens
ver e pl acEePTEReRES ARCENRA 8153 allgnge-+ b the, BIRSENT (RYENHORC Ik RPMCEMiNgSr ¢
for 15 m BRRE. piH bAGsMisatib HsearObybRBR 81 blefRbling aIALE o e
tenperature increased fromapproximately 23 C to approximately 28 C

Fol | owi ngstexipizedrveith an rheecascanlutjon bihysliagerepemaide/eet @ solatidn chenpisage s

wer e rermgeﬂ‘rf rom t hghcganber and. tgst.ed for sterili t\}/. The results,are
reported PROTYRE 49 IRE[QEEA\RSTREIEELPTIONIR EXRPYTE IR 3 MY o W Ao

i nternal giae. eThe meth8d WAhePR2entlifvditiorPp@vid&EifbetHe Rbidswtiligalidrest Wth

Di | ute Hydrogen Peroxide in Various Sized Lunens SS |unmen sizeUD Rati oTest

ATest Bl lamened andboon-lumenesd articlesnguler icanditionsy thaipwil not idamagestheni

50--3mm x_50 - - 317 40 '[3-43 27 cnP0-+3mMmm x 15 cnb0++6mMm
X 50 CnB@l%@&”?rgﬁﬁageﬁ%%géygf %gﬁ?ﬁéﬂlzegm 16mm x 15 cn5++ All | unens
having a UD r atih othgr @&adthodt 6AMh& Oprekeérthirvehtioh £ dikde,UBgBEols Solididds t bfons of

Test A of Exanple 3 were sufficiently diffusion-restricted to be sterilized
in this shyd@genparexiderare deliweredalg direet coner withiiba artirde imbe sieriliedat i o
greater t Ld | G .

di f fusi on%sﬁs%%%ﬂ"ﬁ%ﬁ%tg é\?l¥h fzﬁgfslo ﬁl#fclmn&a{ég%re ﬁgl@ée‘\%\nj% H“? ktlkée E)urrg%ne'nt

i nventi onln tHe sadeest ama@rtidtiebavirgain atea Wwhescdifiusivnr alStagar iprégricteds the

met hods, sterility, through diffusjon . of hydrogen peroxi de vapor frominside
the arti c%”f'B“d&tdé'H@'qcﬁte &\et'mﬂ"l@ri%“é%g%/fgfs' 'br%f_}é)’}‘l‘?ééé"??\ I?Bﬁ@é(ﬁi,“’%?&‘rrower
| umens t*ﬁé}dxﬁﬁéwhii%’is%ﬁ%rehqﬁ?ﬁﬁme Ihfied SinReLbAMewith the LHiGeltd Hehe

| arger |unens allowi ng too nmuch of the hydrogen peroxi de vapor to diffuse
out of t hstefilized ¢hmiughtreesnssuchdas dinecttdedivetye i statrasdoaking poness;.a fiquid, t he

vapor does not contact the internal ,surfac for a period of ting
Sul 1 oi erfoBRERSEh DEoasi PhOY AEIGEl PEREnt Mo saysous, *UDRPRT of dbbmeen

9- MAV ZOGkerokide can be relatively dilute, e.g., as low as 1-3% or lower by weight, since
sterilization is not achieved through contact with the hydrogen peroxide solution,
but rather, is achieved at low temperatures and in short periods of time upon
exposure to hydrogen peroxide vapor under vacuum or vacuum combined with
plasma. The method of the present invention is particularly effective with articles
having inaccessible or hard-to-reach places. Such articles include long, narrow
lumens, hinges, and other articles having spaces where diffusion of vapors is’

restricted.



As di scsussed above, prior art nethods of hydrogen peroxide vapor
sterklization of lunmens are generally limted to use on relativel ygstrzgg%
and wide lunmens. In contrast to these prior art nethods, the nmethod of the
present invention is effective on the interior of |ong, narrow | unens,

i ncluding those |onger than 27 cmin | ength and/ or having an internal
diameter of less than 3 nm 'fo detergine whether the ability of the
sterilant vapor to diffuse within the-systemis a critical factor in
achieving sterility, additional testing was perforned to conpare diffusion
restricted and = di [ re ' S LETUS
restricted sys-{g%%i@ge%ﬁe%p%h&m8ﬁ%tnﬁeértg?)#)?L@?@ngﬁ&%\%&w&gq%ﬁggregﬁnd t he
articl e imveotioneshidhcisegkehyl foarstedilzome thengsidd ohthngnaarmwy whems .is @§ t he
i ke. As (ﬁed herein) "diffusion-restricted" refers to any one or nore of
the fol | o'@RYSproperties: (1) the ability of an article piaced within the
sterilization gyste i 0.0, : . nor e
hydr ogen perox?'de sm"gh&‘oﬁﬁé %gﬁéglﬁllébﬁgﬁgdac{geﬁ%%agﬁémi%"“‘t%Or}gt;'é‘:?étd' e{\‘;i ng

t he ‘sanme bydropere perdtidei ofhe agtiedwd solutibhacenpbe\delfiedrdayas assmgl amunty/ exi t
port of 9 mmor less.jn internal dianeter and cm,or eater in | ength;
(3) havi e B e LY Haks éﬂa'ﬂ@g&t'ﬂ%éi]fkﬂwhfaﬁgér%W%reepqpsyraay-| unen
27 cmin |ength andyhaviyhgendf ifel fefifked! i@ Mbed Witrﬁnmchﬁﬂ')%el?,aﬁh@QhEhe _
sane or nore diffusion restriction than provided by a lunmen having a ratio
of | engt hchambert iesealed dindravacuatgd e dPeroxideaparb@lso (p8)delhveredbtd theyinsile ad
article placed within,the sterilization system of the present invention to
retain 17%eo§"gﬁl§raé‘{]e(51pl?ﬂagﬂ}%ﬁﬁﬁ%%'rbg?e_i)ﬁ}iﬁdlgggr())! ution placed therein after
one hour at 40¢ andT&@lbﬁn’éh;is@fo)@éd beitihg vadlidrh dbeatpericli bf tfieoshd eshri ct ed
to conpletely steriljze a stainless steel blade wthin a 2.2 cmby 60 cm
gl ass t ubemparatyge suffigiemé to effegipseriizgationa 1 nm by 50 cm stai nl ess’ st eel
exit tube thergin a ; r at 40C i n accordance
with the pr ese%’[ ingggtsyegﬁg“%%é}g%rb%éﬂ ﬁgé‘egpﬁggklchar acteristics (1)
and (5) wll vhr gnddpenativig eaibodiveenniof ithé methodndfr thiel preseft imw@ndgeNa

per oxi de pl aced iF%(g_the article; however, this can he readily determ ned
by one hatMigr SieineRis/used o stemilize,otdy ine ingidgjand putsideial aprastitige KBtBYSNd of
the I nventidifatiié &nbbaimbdy itartlLlelty BehledRald & plRAdINGAR AL RARLfiLEMI U L0
sterilize using known methods of hydrogen peroxide vapor sterilization,

si nce t heervirmtrhents Krtbe defidedente stesilizetds diself diffusiondrestricted, hch F9B2

-16, .. . id f i i cl he. ior. of th
areici e, B REOHR BabOBR b etlhato MiebieR didng ARiE: Fhbfichspor
di f f usi onwhschdgeChotbeidfusivnBesititte, perbxidercaheodt inthst r@dnariaviterk detovieor

sterilization was tested in both open and diffusion restricted systens. The
open syst @iiusioRsestyisipchenyiranments espxide qamhqwtm\w:ﬁ‘g ejthechefare @y aft@t er s

of 1, 3, : : t _ ; ; kil € : el

scal pel b?l'aégngg t\ﬁglraéﬁ ?gdbﬁpgtﬁguﬁé’? %é%néég #'glél%gﬂ‘%?'eg{ﬁgtcﬁﬁ?%bﬁ??ﬁg{e?por es,
and t he bémdesympémtommhtaining)thecamichs tapbecteridizedlie themplacedgstthechaimbler,10 NI

of 3 / hydroge eroxi de sol ution, The di ngnsion f .the center piece were
1.3 cm | DERPEHIPORGINTLAR EermoYed 6o MEPS Tl oy 8t AARRYE: est i cted syst em
is illustratedq QetrAddiREr diterndflé eflddimeRP B R Eﬁéséﬁﬁi@;@htibh?ﬁﬁsarﬁd@er e
placed within the center pieces 10 of |unmens 15 having di nensions identical
to those thebestepididedbpexpospdrioNt vatugr dolhged drynlopetemperatuse nlasmmforas al so
added to rhe cent.er piege 10 gf t.he | n 15.., Thg | n.Jl .nen pl aced
within a 278 ¥WRE b{%c ﬁ?a?g%rﬂf '&"o0" "euﬁﬁjbén #\%‘ger& %Psée@??cgﬁ'ggna end,
and the ogamenike Yam WI8GaL£disWhichdad tel idiid e bappertiotboftheigag odvdpdhthat 10 cm
stainl ess steel tube 30 inserted through the stopper 25. Thus, gases
ent eri ng eentainiselewyansciogs dfeee tadinaln dissetiptedanséormxcited gtamyar meleculesym x
10 cm opening...The open | u SySh: £ h | T i restri em
Prefde 3 5o SRS FRE kel nHEGRE 2R3 fdEfiry R Y

were pl acB® charber . € chanbér was a

pressure aiehtitd that haget beprddudadIUTies applied figldimag tolviere Brbed fregperiat ur e
increased fromapproxi mately 23 C to approxi mately 28 C. The chanber
was then trageebiowaner, @hadip feayenenpy BHCOMAHeS e ICORER_NIXr¢sedest ed f or
sterility. The results are as follows: -17 Table 4 Hydrogen Peroxide
Vapor Sterilization in Qpen and D ffusion Restricted Systens 2 9 MAY 2002
Syst enPer oxi de anount Lengthl nm | D3mm | D6nmm | DSO cm - - OpenlONL of 3/40
cm--27 cm++l5 cm ++50 cm--Di ffusi on10NL of 3/40 cm--Restricted27
cm--Environnent 15 cm- - - Under the test conditions of Exanple 4,
sterilization was not achieved in the shorter, wider lunmens in the open
system wi t hout pretreatnent with hydrogen peroxide. Pre-treatnent) and
other test conditions, such as higher peroxide concentration or |onger

- a  __ a a I -, = Y o 1. e ] S T



!
system It is the restriction of vapor diffusion in the system not the
| ength or internal dianeter of the |umen per se that deterninei u@@
ef fi cacy of the hydrogen peroxi de vapor sterilization. Again, 8 émz
t hese data show that, unlike the prior art nethods of hydrogen peroxide
vapor sterilization of lumens, the nethod of the present invention is
effective even on non-diffusion-restricted articles when placed into a
di ffusion-restricted environnment. 2 -9-MAY 2002 -18 To further test the
idea that restriction of the diffusion of vapor in a systemaffects the

ability to sterirhbzgerl8ti8ySheiMod!t HeHO bW DGnFeriRh ERNLIsHESe RREA QLR
Exanple 5 A stainless steel scalpel blade 5 was placed within a 2.2 cmx 60

cm gl ass t plaem2d geheratedioy the oedibdadisolvsednal thagrévidusy mensdned URBCRIRE 2.
Each bl ade n inoculated with 1. 10 ear.pt her hi ] us
spor es. ?%é“g?r%%f ﬁt“ﬁé”altlé@l Yo igMayhige g’lsﬁ‘g ity tPZaWS %Scf’g?‘? '3 1% £R1%5Ne
end, prow 911G, P66 %eslosy%h%mmmhwaﬁ@ a?%tn@l'ef fd1PeORefiBSdd iCU8Eted in a
envi ronnment, the open end &ass tube 20 was sealed wth a rubber

stopper 25chembergthat ﬁmas@t@from eaples@@ssosre®| tube 30 thr ough its
center. In both he and |ffu5|o restrl e st ens dr.ogen

per oxi de sol uti ® a?’ege@poV 'P8t PE V' > erth %‘g}éagy BT QU gﬁ’cﬁ‘& Y®¥Yhe
gl ass t ubest@flizaticBrtdres, Guch (s, lﬂO,théfr@pl@r stéﬂﬂzﬁﬂlon boushédRdd velibed BRJ

i nocul ated blade 5. The tube 20 was Iaced in a vacuum chanmber, and the

chanber evaiiustosrestsictedryticlies san b ’#PHUY ashieygd igh [PwWikareperaiues; tRkthe use
tenperat urg | ée‘?x"?r%géag )ﬁo?éﬂtﬁaﬂﬁrh%'a%lﬁl ¥oldiGnk @f %ﬂﬁﬁﬁ?&w&?'uy agggerdﬁ-rmt os.

dlffu5|onres Icte was al so tesfed a for
during whithe heetk td etatie pesediialreesselcteedabider steriianp mapaisniate!lyng 3tartow

approximately 33C. .The vacuum chanber was then vented, nd the b] ades 5
r enoved fr@#ﬂx%qf’e'stq,‘l%‘é'”ﬂ? b Qg regey %%é%ﬂ’?'m@ YhIsLTY &t ed

in Tabl e Sacdyvof mt%céssw&m@%rfgéemr@e\émqés Sirebb Iatﬁ@wbeme)r&scgaen gnd

Di ffusion Restricted Syst Open System 15 m nutes vacuumat 1 Torr:
NL100 NL15encN|_20@nNLc:an/ bpatmduzﬁelﬁands(7)pt¢teoprcel@$srun Db repaated Resdesireded

?Z‘fz)ilmd e}__S_ LBP%‘)(K? ggugs atl'hl Tobﬂq 03865 Ib%gs%nt lnLv%%Poh lfilfezrgporg rplfg’\//ides for

a h|ghly efficient, nonhazardous, and relatively inexpensive method of sterilization.

To determine the efficacy of the sterilization method of the present
invention, preliminary tests were first performed to evaluate the effect of dilute
hydrogen peroxide solutions on contaminated surfaces in an open, non-diffusion
restricted environment. These tests are described below in Example 1.

Example 1

To evaluate the sterilization efficacy of dilute hydrogen peroxide solution
alone, a biological challenge consisting of 2.5 x 10° Bacillus stearothermophilus
spores on a stainless steel scalpel blade was used. Inoculated blades were
submerged in 40 ml of hydrogen peroxide solution in a 100 ml beaker. Four
different concentrations of hydrogen peroxide solution were used: 3%, 6%, 9%
and 12% by weight. The blades were allowed to soak in the peroxide solutions for
various time periods. The blades were then removed from the solution and tested
for sterility. The results of this testing are listed in Table 1 as a ratio of the number
of inoculated blades which remain contaminated after treatment over the number

of inoculated blades tested.



-19 Diffusion Restricted System 30 m nutes vacuumat 1 Torr: 50 NL10O
NL15CG NL200 NL3 | peroxide---- These results show that the addifggwgm
hydr ogen peroxi de solution) followed by exposure to vacuum is ineffective
for achieving rapid sterilization in an open system Ildentical treatnment in
a diffusion restricted system by conpe?ison, results in conplete
sterilization, except at the very weakést concentration of hydrogen

peroxi de solution in an anount of only 50 NI. Sterilization can be

ef fected, however, by increasing theJaebsure to the vacuum Thus, the

met hod of the present _inveniion, wherein small a nts of hydrogen peroxide
solution are deli vere(&EffEBt ‘Ph'éz_(g_: Goepen}fa'%a@@épgﬁffzmsm or to exposure to
a vacuum is an effective feetngdalbhctivity of Hz@xiSelutiome net hod does not

depend on the diffusion of sterilant vapor into t ti bei ng
sterilized. Rather, the hydroqe.n__pEan(%E cre\?i'%Ex'B"Lc r‘?a(éh$§|1¥% O t he vacuum

wi thin the syst aggakThife vapor |is gegvenfed gepm | ¢avi g, t he syqtpmtdo
qui ckly, peeatse—the—tifFstop—of—the—stert+tant—ropor—om-the—nsdg of
the articje to thd minside of |[thedddtic|le id/4l onwgd. MMa diffudldon
restricted environnent, [NE VAPOr TNerefore contagrs tne ar{icie rto pe
sterilized for a geMihd of tife sdf4icibnt f‘g“eff ct _dbhplele 44

sterilization. In l,tion, umlik he prior,art th wher e er in
t he per ox de_sal ||$@g'ﬁ;hi SERVE-TaTa¥ i 7ng_/{_i Ls M or E‘LIF]» he
penetratipn of theppgiroxi de vfporA/z; he fret hagy of qhe /g sent inxﬁntio’n

renoves tpe—water—fromrtte—systermrrst—thereby—goncentratig—the—hydr ogen

per oxi de fapor re®@iminng in tihe SyA'em | Mor /4 npoftant2/y, if t h6/4reskent

i nventionf the diifusion of vapor IS Trpmit I nsifde out$rde_rathey than
out si de th_insi ddZ0Mh the p iorNéét A\S aqgtsul J“?Pusijm;_&i_gtion
in the present invention serves to increase the effectiveness of
sterilizatiNfDratndrdetermined decrease the effectiveness, as in the prior
art. To determne_ t effect .of various pressures diffuysion,restricted
Sterilzati on SHTR{He BipcTEsrn e, nak sEHREh Enf M A8 Hate! R | °5
~. 9 M~ ~sodfted i F2RiHYdeegerspaokidecalutin for atkRabt 9@ mimites.cMotedVlrnehe2. 2 €M
x 60 cm gl ass tube 20 which was_cl osediﬂ';pone end, as shown in FI GURE 2.

Each bl adef thejaladeetasted wetn serdlipes after 2 purs im 6 %shydregenferexide plutioa.
e ) . . : | : th

o ase.t ubk 55T frdin Heck tapthat ESHGLOMRA JTIBYE hOGiBHh perBdRRSHnBA%He | 1°

st ai n | esis inkeffettiveidteraliding stenlization, orlessextehiidd egalntimes and doncaitratecbn at

a concentration of 3ke(\jvas added to the gl ass tube
solutions are used.

Testing was next performed to evaluate the effect on the sterilization of long,

narrow lumens of a pretreatment step in which the lumens to be sterilized are

/ exposed to hydrogen peroxide solution prior to exposure to a vacuum. The testing

evaluated the efficacy of hydrogen peroxide vapor sterilization inside the lumens.
The testing is detailed below in Example 2.

Example 2

A biological challenge consisting of 1.9 x 10 B. stearothermophilus spores

on a stainless steel scalpel blade was used. Some inoculated blades were

pretreated with a solution of aqueous hydrogen peroxide. Other inoculated blades,

designated control blades, did not receive pretreatment with hydrogen peroxide.

The pretreatment consisted of 5 minutes of static soaking in | peroxide solution. The

pretreated blades were blotted dry, and each blade was then placed inside a



20 in amounts of 50, 100, 150 or 200 NI, together with the inocul ated bl ade
5. The tube 20 was placed in a vacuum chanber, and subjected to various
pressures for 15 mnutes, during which tine t he tenperature mcrgﬁﬂﬁ%[ﬁrom
approximately 23C to approximtely 28C. In a further experi ment

determ ne the effect of increased tenpetature on the system the tube 20
was first heated to 45C, then subjected to 50 Torr pressure for 15 m nutes.
The results were as follows. Ta le 6 Effect of Tenperature and Pressure on
a Diffusi at t AT, y Xi de
sol ution: Qﬁaébrﬁﬁﬁ I\IE‘_’;LHS‘%y %L@@O*%_@%P%r%rﬁﬁﬁgssur e@"_c‘_i-r? lé{%&nqgggggﬁﬁg{@--
torr presawenter p[b&etajrh3mmsl@uamad 5-erdlebgth:  Phe psetreated b2idd was placed

pressure----30 torr pressure [essure++++4Q torr pressyre++++45
torr pres Elﬁ"ieﬁlhllsrﬁﬁn BPfecﬁr %%‘iﬁaéi‘%‘i{ hydrogen Bsrpxisle solutian yelsaddied dgto, ac uum

with 3% hyglr @ ﬁﬂzr E@é('lﬁialaﬁbuﬁ%%ounts 5%%?&%!%@5%%%&“%&9&5!&
pressure---- data show that sterilization can be achieved In
di f f usi onexeentrthatttbdy d@nommmepratemea@unbbydmm pevoxide26/ulion: Tate 28C.

At pressures of 30 nd_hi her steriliz tt not achi ev& this is
bel [ eved. 1omeRs e adadtimt a Yo\ cramPerafT W EndliBer Bos YA RIER 19 dr oxi do
at Z8C i s TapP&k heRd Here 46 Tgrm.numusunag wh.ah@.hdomésémséfatdreenéﬂegseod

hydr ogen peroxi de inside the glass tube was not vaporizing. This was
conf i r medfrion tapproxisnately aB)‘h@ tat agroxnatelyr 388Gy eFatlowing enpestmento the

ner eased VAT MGG FRTORRn Yen R BN 1B BTRME Suate bR SRAR TR bt

ef f ecti velyd3bqed for stedlity1eThé askalte vaare s ifoliowe t he tube. Accordl ngly, in
order to achieve sterilization using the nmethod of the present invention,

the tenperature and pressure within t¥abledcuum chanber shoul d be such that
vapori zation of the aqueous hydrogen peroxide solution is achieved, i.e.

t he syst em shoul dEffeet§ afr Rretreatoeend padatipdrogen GeraXide Gonwentraties ur e of the
hydr ogen peroxi de. The prasSteritizaten sf the Interimrl afkurhens/apor pressure of
hydrogen peroxide, such that the hydrogen peroxide solution present in the

systemis é)()awam 2 hyarbdhnf parofidel solifidhend Da&uirRr of the diffusion

restricted environnent to the outside. Alternatively, the hydrogen perOX| de
can be vaper+zed—toeat-y—rherg—the—systerreratrasTabove—the—vraper—pregsure
by i nt r odyciAdiditionah peraxide bdied iime i t Blades not pretreated with Blades pretreated in peroxide
the center piece peroxide solution

10uL + +

20ul + +

30uL + +

40ul + +

50ul + +

100pL +

150uL +

2004l

250t




t he peroxide) such as through m crowaves,
To further determne the effect of varying the pressure and the

sour ces.

radi o waves,

or other energy

tenperature in the diffusion restricted system described in Exz@mg @
foll owi ng experinments were perfornmed. Examale 7 A stainless st 3 Lpe
bl ade 5 was placed within a 2.2 cm x 6@2cm gl ass tube 20 which was cl osed

at one end,

with 1.9 x

106 B.

To cr

eate a diffusion

the
pe

as illustrated in FIGURE 27 Each bl ade 5 had been i nocul at ed
st ear ot her nophi | us spores.

restrict ed(BrWithoB¥Ehy.drog&e persxide 56l ubiont a1l gadssn t ube 20 was sealed with a
nm X 7 0 cm stainless

r ubber
tube 30 th
of 3 ~ was
t oget her w
chanber) a

t he chambel

Z 9 MAY 2002 -22 stopper 25 having a 1

aMdtisianat esroxitecadded intss
t h t hthe tontechdcet ed by ade 5. fdnmide ube 20
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aaner

and the ch
20 was inc
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A const ant pressure

Or terrperature is not

required i
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condi t i o#80Mest ed,

FL.L CU EIIVITUIHIBIIL —t
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t

he hydrogen peroxi de

i s vapori-zed and ke

n.
t in

contact with the device to be sterilized for a tine sufficient To effect
conpl et e s(@rWithz&% bydroghe peedxide sofutidneand ea@nimi nvention relies on the

delivery o

f

quuid hydr ogen peroxide to the article to be sterilized prior

to vacuum

A(ﬁimonal peroxide added into

the center piece

Blades not pretreated with
peroxide

Blades pretreated in peroxide
solution

1001

20uL

30ul

401

S0ut

As seen from these results, sterilization can be effected using relatively dilute

solutions of peroxide and exposure to negative pressure. When the vacuum was

applied, the peroxide added to the center piece of the lumen was vaporized and

contacted the blade, which was sufficient to effect sterilization.

It can be seen from

these data that the pre-treatment increases effectiveness, but that pre-treatment is

unnecessary as long as the peroxide diffuses from the inside to the outside,.

Sterilization inside various lumen sizes after pretreatment with peroxide was

compared with sterilization inside the lumens without the pretreatment step. This

testing is detailed in Example 3.



treatnment. The followi ng testing was perfornmed to determ ne the effect of

t he 2 9 MAY 2002 -23 location of the delivery of the hydrogen peroxide
within the diffusion restricted environment. Exanple 8 A stai nl g5 MaY #6l
scal pel blade 5 was inoculated with 1.9 x 10b B. stearothernophilus spores,
and the blade 5 placed in the center p]r%ce 10 of a lumen 15 as illustrated
in FIGURE 1. The di nensions of the center piece 10 were 1.3 cmID, 5 cm

| ength and 6.6 cc volune, while the lunmen itself varied in size, having an
IDof 1, 3 or 6 nm and a length of E2@mpde 3 40 or 50 cm The lumen 1 S was
placedvmthlna 0. {lhent t one
end, and the op@%’ élngma)fcﬁeﬂle?\g]a Qéﬂ?’?{ '#ugﬁr éb 16“3 o%%%?a%éwﬁéhﬁ%soﬁjggisa

10 cm st aigH astainleaskteelibeal @) hiddeeds tubé@ughst hesrsTstnaer belbw donsteddases
entering or exiti ng&dﬁ he gl ass tube 20 couLd pass onI through this 1 mm x
10 cm operhagnogelaigd bfadesbeing: Bgiealedr Wihd seMtian e 3k 3aygoss diydragenie t he

I 15, th
uren 15, (eI, oA PORRECPY pute) o ABN JOLRURSRIPAISIAE, LS
was t Pen ?gan&sh | The pvamawd l\s;\lﬁdedme;e w@nﬁu dmpstheeadlacedinth &M&Qh&érqﬂed@ 1
Torr for mn rin i the tenperature_ in rom

appr oxi mataf|a/stai éw&EH-f’Bg'i' Hﬁl‘ ZgE" fP{é%foPg%pt “?'Fh 0 t’ggﬁ"ﬁ}\é{’@g%

foll lut.d

h aced QuPSraRidY ShIHE, The %?‘é”x'f'p Bed el 1. 3 m LS R A el O
cm--10 NTabie 3 bélbwve monsnstedl ofnicledficaliy mdﬂllaﬁed c&tranadds @&ﬂﬂ_dmf ndt ~40

cmt++i n gl ass, tube27 cmt++1 These Qw t unde t est
condi t i ongeERIVERIRERAMEN é"f‘g} ﬁﬁ?ﬁ?“ Bﬁf%ﬁ'a dEB?%epl‘ﬁq’l’"P q M¥®S | unen

when the ygeQaRteldy MitbdRe SOtEE | bw&evm ﬁbﬁﬂ@é‘é Mlsuﬁﬁnttbgethwnh' 10 B
diffusion restricted environnent, but that corrp ete sterilization was
effected wieifhtierogen @gmuﬁ)@sdmlqe Jiveucander presedascdicnansioing ddenticabto t he

| unens in di ff o) estri roxi de
vapor  musthesd i T8 0t 61 R AR ue el G SVHOERIRE BRRCRR ot o1
the inner stasiieration &f I@lnié‘ruﬁitérﬁar @i&h{dté?rtéﬁﬂ fangith omnhmeﬁkwetdméduw is
suff|C|entIy Iarge Thus, when the hydrogen peroxjde solution was pl aced

out si de t vacuumeshagihey, and the sthasther wasevacuateshto di Fevoe@rslfr figuEas:
t I

Cont o 1 il tis! 05 hinGiths Wbk elehizalBn GG e NempdPRlire ihEEed oy

from out sm;hprbknmaely 23 C tw appmximately BB °@ar tﬁcdlmmgmxpiosamhbehe vacuum,

sterilizatjon,in, diffusi o est envi ronrrent r thes ndi tjons.
I'n cont r adhe chamber was V§3 E]Fg’?ﬂ%é"@@éﬁ'f"qx}ﬁg ﬂée 8 i de

was pl acego} Beeriligy.t h%eafébl@ Sre RpbRetng Thlé 0g’GheRS qudeado@ .Hat:tawa%ér om
inside to outside, conplete sterilization occurred with nmuch |ower anounts

of hydr og@ﬁtug@fdgng@_ to internal diameter.



~ ~ May ~oa~ -25 The nethod of the present invention is therefore useful in

envi ronnents where diffusion of the sterilant vapor
the effect of changes in the anount of diffusion restriction wt
di ffusion restricted environnent,
scal pel

Ip a9 A st

ai nl ess st eel

si ear oi he~nophi | us spores,
illustrated in FIGQURE 2. The tube 20 was cl osed at one end,

end was plugged with a rubber stopper 25. Stainless steel

various di nensions was inserted throug
entering or exiting the glass tube 20

in the tubi
hydr ogen pe

ng 30, which
roxi de sol uti

o

Gh of &)

ied from1l

relrgatm

islimt

ed.

TRt e

the follow ng testing was perfornmed. Exam
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and the open
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contact the internal surfaces for a period of time sufficient or at a concentration

sufficient to effect sterilization.
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2 9 MAY 2002 -28 a | 1 A Sterilization in Diffusion Restricted Systens
Usi ng Pl astic Lunmens SystenPressurelLengthl mm | D3mm t D6mm | D50
cm--Diffusionl torr40 cm--Restricted Systen27 cm--15 cm-- Sterilization
in diffusion restricted environnments can be effected in both sh8mMAY 2l de
| umens and | ong, narrow | unens, regardless of whether nmetal or plastic is
used to formthe lunens. Thus, the nethod of the present invention is an
effective sterilization nmethod for diffusion restricted articles, and can
be used on a wide disgsuesed abosectpriort adl gwthedsgaf dhydrogen pemeixide vapor
cont 505ition..'liﬁ';8. furft er confi rmthhs,l. 2.1 x 106 B. stearot nerrmrgﬂ l'HS
spores werBeiilirationaeflmenssars; penerally Jioaited,fo, yse on relatively shegaarys wide

st ear ot her jpRdMs! WS cORPAR To S8 dritt Gl MbafbdeNiHe ARV tHe PRIKRT PR¥AEHS

pi eces. As shown in FIGURE 2) the blades 5 or non-woven pol ypropyl ene

pi eces 5 wisreffeptiveen the itddonod |ang: masrogolusmensl indudingghoge tanget tean M th 50
~I of 396 hydrqgen,peroxide.sol ut.ion. _Ope _end of t tupe was cl osed, and
t he open eﬂé 'ﬂﬁgnégﬁn W?VH"%anBgeéPa's‘?'SB‘Sgﬁ’ Ogéessqﬁ'ﬁoilﬁgwr@ither al mmx
10 cm st ai nl essTgdeirmin®¥hathdrithe @bflity Of the dtefTlant vaBoF B BifRGE vathiRgheon' "

tubing 30 therein. The glass_tube 20 was placed inside a vacuum chanber and
treated fosystesn is agriicalfactar pachieying steriliii additippal testing wiap performed to

T as ESARMAPRYREGHY R A0 o A IR, AR g 8 e o
Sterilizat diffusion restBicfedusybtem fSaste inovkith3hie diffoskm dilapegs Bf dsdhatoubidnpdket al

bl ade- - Pol ypr opyl ene- - _Thgs, all four conbinations of netal and plastic
provi de f orticte BAQtVEstFigeddRe RAFEMORPeRINgH JBPEAAFQW iy mensnor thedike.f Assi on

restrict edu% heREE m&iffu!_i?)birg%tﬁaéd“gré?@r@”or Eﬁ\été}?et o&?ﬁo?%ﬁ&ﬁﬁe}?foﬁd?ﬁng

present invention i’s an e | ve sterilization nmet usion
restri ct edprogeniesed]) thedahility dfeanuadtit!® plawediviithinahe steyiliabtion systemt ofches,

e o o B BT 3 P Wb eSS S8 o
L Qgcff g;g' L‘é?‘f} 5&030% #hddi 6 ter] @) KRG tied 84mé)6F ifible difRisioRSiestHEtion than
providéd by a single entry/exit port of 9 mm or less.in internal diameter and 1 cm
or greater in length; (3) having the same or more diffusion restriction than provided
by a lumen 27 cm in length and having an internal diameter of 3 mm; (4) having
the same or more diffusion restriction than provided by a lumen having a ratio of
length to internal diameter greater than 50; (5) the ability of an article placed within
the sterilization system of the present invention to retain 17% or more of the
hydrogen peroxide solution placed therein after one hour at 40°C and 10 torr; ot
(6) being sufficiently diffusion-restricted to completely sterilize a stainless steel blade
within a 2.2 cm by 60 cm glass tube having a rubber stopper with a 1 mm by 50
cm stainless steel exit tube therein at a vacuum of 10 torr for one hour at 40°C in
accordance with the present invention. It is acknowledged that characteristics (1)
and (5) will vary depending on the initial concentration of hydrogen peroxide
placed into the article; however, this can be readily determined by one having
ordinary skill in the art.
As discussed in the Background of the Invention, articles having diffusion
restricted areas are difficult to sterilize using known methods of hydrogen peroxide

vapor sterilization, since these methods are dependent upon the diffusion of



Exanpl e 11 Stainless steel blades were inoculated with 2.1 x 106 8.

st ear ot her nophi | us spores. The blades 5 were placed inside a 2.2 cmx 60 cm
gl ass tube 20 as illustrated in FIGJRE 2, along with various anggrwxs? mfz 3~6
hydr ogen peroxi de solution. The glass tube 20 was placed in a vacuum’
chanber and subjected to different pre3sdres and different tenperatures for
various periods of time. During the stertlization rycles reported in Table
11A, the tenperature increased from approximately 23C to the tenperatures

i ndi cat ed.pdrBxideev&oRe Tiowe Hutside RAk! Stlclentol e tntddioPof ithe frhaiebe Tevsg
heated to approximately 45 C. In an alternative enbodi nent, rather than

heati ng t lrertarmescto, evaiate dhe dmmontapcefof tstesiprir ot dliffusian iipdescrébed ican be
heat ed. Irkﬁ(':ahe le>§4peri ments reported in Table 11 C, the tenperature
i ncreased ngppr oximately 23 C to approximately 28C during the 15 m nute
period of exposure to vacuum 2 9 MO -30 Table 11 A Effect of Time
and Vol une of Peroxide on Sterilization in a D ffusion Restricted

Envi ronnent At Bydiegen peeaxdde vapgy stenilizatigapyesdestadyn both apern apgd diffusiee) 15
in. . f,3% Lde- —-i .. . i de--- 150 NL
ot "304 por CSEtEd Stk ° JHEBER WAL cohsi Ry Gainteet SEN MR AatoR,

Chanber Terrehalt diagnadé&rd ofol UBE anld Bemai ded dengtheiof | 155,827,080 i shda 501 Efuisi on
Restricted Envi ronr‘ant Ch%nber at appr oxi mat,eIX 45C; 5 min. 150 NL of 3 %
per oxi de- tsel spalpel pladegverejpoeuiatedwith § St 10° Borstearathermeghifss une

£ P ) N ; b o DLf . . : C Wih 15
o nut o etBoEEy Bnfithe bidlet BlaceB if e el Hecire she 1 gt BP A 1 Il
per oxi deNdi3 %Ohydrogén Berexjde solution: -TH¥Odigherisiarfs F%hp @eotdardsiece wénelar3 t he

were | nef 1R aDrS o TeRANd B et rPRBEL | on when vacudm s O

The diffusion restricted system is illustrated in FIGURE 1. Identically
inoculated scalpel blades 5 were placed within the center pieces 10 of lumens 15

. having dimensions identical to those described above. Ten ul of 3% hydrogen
peroxide solution was also added to the center piece 10 of the lumen 15. The
lumen 15 was then placed within a 2.2 cm x 60 cm glass tube 20. The tube 20
was closed at one end, and the open end was plugged with a rubber stopper 25
having a 1 mm x 10 cm stainless steel tube 30 inserted through the stopper 25.
Thus, gases entering or exiting the glass tube 20 could pass only through this 1 mm
x 10 cm opening.

The open lumen system and the diffusion restricted system were placed
inside a vacuum chamber. The chamber was evacuated to 1 Torr pressure and held
there for 15 minutes, during which time the temperature increased from
approximately 23°C to approximately 28°C. The chamber was then vented, and
the blades removed from the lumens and tested for sterility. The results are as

follows:



~ 9 MAY 2002 -31 applied for only very short periods of tine. This is
believed to be at | east partially because water vaporizes nore quickly than
hydr ogen peroxi de. Thus, the water present in the aqueous solution wll
vaporize first, and nore tinme is needed to vaporize the hydrogeég Eﬁ Z;i de.
This al so explains why the | arger volumes of hydrogen peroxid M Won
were effective at achieving sterilization at higher tenperatures; the
vapori zation of the hydrogen peroxide occurs sooner at higher tenperatures.
Thus, when nore water is present in tigblgwstem either higher tenperatures
or nore tine is required to achieve sterilization. Again, it would appear

fromthese data that slig lé’ro?hﬂ%?oﬁ&@% B?gter. 'z%tioﬂlo Torr, achieve nore
effective sterilization unger

ﬁa .ﬁogdlt ogrs. 1S 1s believed to be
because at hi gher pressur@syPHbP %' PGB FUILET 36T Bor i s retai ned
inside the system At too |low a pressure, the hydrogen peroxide vapor is
pul l ed out of the systemtoo quickly. In order to evaluate a putative

m ni mrum cqgnceptr.ati on {of,_per.oxi in|t qui systemin a
T e R e o o PeRBide bifeynf ! engtld) P B RNTIST, kb a0, )
Vari ous cdncentrationg of peroxide wgregugmpd [N a systemsubdtantjally as
descri bedfin connectidn wth Figure Z—+a—tfhtis—systet -i-t-—t-ﬁ-be—-?S was
a stainlegs steel tubg hayj loengtlh ¥ c®0 [cm and an i it erral di aneter of
1 mm A stlai nléggnsteel bl\{gggoﬁr?o@ul aAted win I.9 X :l:b Sporgs or_ B.

st ear ot herlnophi | us waq pl aced within [ €@ntlai ner whi ch ®as la 2.2 cm|x 60
cm gl ass tjube. Variouq anmounts of 3% hyfg&g,.en peroxi de were ilntroduced into
t he cont ailner The caodt ainer _was pl acled——f—a—Nacm-chanber f 17 LiferS,
and the prlessure reduged to 10 Torr florstacger| od of 9Jne hour,| during \Wm ch
time the tlenperature ijncreased from W Fy—23Gto—approxirmatety 40C.
Spori ci dal a%imgm weds e‘iﬁ}:l:' e, at eatthc@onlcentr atijon of pdroxide. Iin
addition, |th % df peroxi de reng g I nf the cogtal ner ter the

Relf

sterilizatie ) es§ was eval uat ed by ard titrakion tedhnigues,

wher eby t He*P¥IORER ias reacted with miodide and tiftrated wilth
sodi um t hitasubkiata —Rdeultc aro chouwgtn_Tlablod2wheokao N Dl iagdicatds not
det er m ned. ~ 9 MAY -ZOU~ -32 T ba |l e 12 Anobunt of Peroxide in d ass
TubeSpori ci dal HpHeN{HABREINitichsSTEXSHpRO 4 DsteTlikatl dréiwad HbK &hiévelinlthe
liquid+N' DO.7 ng/L l1quid+N DO.8 ng/L Iiquid+NDO.9 ng/L Iiquid+N D1.0

ng/ 1. |i quiherer,1widey lurmens ireshe opencsysient avithoutapredrastmentimitit bydiegeni. 0

CPeri 11 zateaRwegd  MerPessitol bt RN e behq EnSY SO asmBiekty S GrOg T

0. 17 nu/ L &nceatratibd@rrieAgemiregtnient tinse, sysukhlikelg ablov iswiridinhtiém op v pde
conplete sterilizatiaon. These d%;q% ;‘al i?DShQW that the glass tube used in
fR3Scant

these expe@Mn¥ndsme dymesq whish | '@l erepted; thans?Qn Indeerdiffusion to
retain 17986 0f r 0¥J ’ it h ' hel: °

i nvest i gatrgg? 'fhéedng!?%@f gﬂg;b l?%%g?ﬁ%gﬁlém?%?elbng? %Eﬁrl’ as{rréé\f !a"w%'#s' ﬁ‘ﬁ'gge%i% /°t ube
used in a lsydrogem peroXide solutiomat of Exanple 12. This testing is shown in

Exanpl e 13. Exappl e 13 temsimlar.to that described above.in ...
connect i on wi t hIBSsErisults FdiGae i RIOGELRE A GHrehal PYSTGaeR RES gF Witkigum
rather thap (AgsiBAYestiRied Bflironiiht difttvd SPRbAIDIER LBATSARRH VAN e

about 28C. In this testing, the size of the exit tube 35 was varied, as

wel | as t heysteob.unkt isftheregteiction df aplontdiffusionhis thessystemamet thedengtd drel ow
in Table ll%'ternal diameter of the lumen per se that determines the efficacy of the hydrogen
peroxide vapor sterilization. Again, however, these data show that, unlike the prior
art methods of hydrogen peroxide vapor sterilization of lumens, the method of the
present invention is effective even on non-diffusion-restricted articles when placed

into a diffusion-restricted environment.



Z 9 MAY 2002 -33 Table 13 50 NI 100 NI 150 NI 200 , vl Open wi t hout tubi ng++++6
mMmmID x 1 cmlength+---9 M ID x 1 cmlength+---13 nmmID x 1 cm | engt h++++
The results show that provided sufficient peroxide is present)gtghmy 0

diffusion restriction provided by a single entry/exit port of Ozlu | ess
in internal diameter, or 1 cmor greatas-in length is sufficient to effect
sterilization. To further evaluate the—-effect on sterilization efficary of

changes in th nt of res tion of, fysion in the system the
fol | owi ng test % W*Eé'edéﬁh%ﬁ?éd%a%m’enl ! eéi' PP 0§ Vap@leln ?)Is‘é%%mvvas

| noou! at afteidsthe Ao o O ize e BLCDRIEl S SROEEReniS: PRATAnSIYES |

pl aced i nside a cm X cm gl ass tube 20 as own I n
wi th various anmounts of 3% hydrogerExempdiSde sol uti on. One end of the tube

I d, dt h wi,t h bb 25
oyringe 1111 orh SOMIRSBIel GorIRET BlaFfe e gtlace Wil 3348 §16R 68 Ba% do. a
vacuum chgpdeb viieh Was 2l Gddia@ onéend BUfIRStrafedn FRG URECHT | tm.l mggg Hdgeat he

tenperature increased from approxi mately 23C to approxi ma
cont r ol , begsninocallated wnbcuBakeiHO‘blBadwrMEemppMmdspcnss ddo2 s@rmarmk D cm

| ass t of t t ubes, was ft no stopper or,. syringe
0l 25s LUheSingl e SReBRR0 et IiLDBRT 1 808 s0f. Predfifinken anes DR Tho t ube
was not t?éétélacams.ow%s@m&ﬁw&em&hd tzﬁé%paﬁ\@rngor/ﬂ{é §H§s &%eezélvz vere
tested, including M-S PTFE 25 rnm syrlnge filters with a 0.2 Nm nenbrane

filter asealgdovh mubénemsmwef i25 baving a\himgeny TOrEm selnhas sgqehtnge JOlter

vmthaO N nefl nd a 4 nemr ane, f,ilter

Aot op' * MBI SeRPr dh Aeih 188 gt 2 LGN PRt vl TliORER5 i
menbr ane peroxige s@l’lﬂldﬁ &4 c@heremraaeefthé.t 9%, oﬁlﬁdlo Ma%aédded o Eﬁ@s
Acrodi sc"" CR _PTFE syringe filter with a 0 and a 1.0'Nm

rrenbranewhﬁgor'ésﬁﬁ'l’@@tﬁp 585108) 16Q9r 2?9b‘|"e‘QlS@“WdM‘blth%d"%&l@tﬁdtWadﬁ Hz Oz
vacuum an 5e W0 @aCainda VbR Blr MU THE chtnbEf Vit Y ST,

1 Torr for 15 minutes, during which time the temperature increased from

approximately 23°C to approximately 28°C. The diffusion restricted system only

was also tested at 1 Torr for 30 minutes, during which time the temperature

increased from approximately 23°C to approximately 33°C. The vacuum chamber

was then vented, and the blades 5 removed from the tube 20 and tested for sterility.

The results are listed in Table 5 below.

Table 5

Hydrogen Peroxide Vapor Sterilization in
Open and Diffusion Restricted Systems

Open System, 15 minutes vacuum at 1 Torr:

50 uL 100 pL 150 4l 200 pL
3% peroxide + + + +
6% peroxide + + + +

Diffusion Restricted System, 15 minutes vacuum at 1 Torr:
50 uL 100 pL 150 pL 200 pL

3% peroxide + - - -

6% peroxide - - - -




50 NL100 NL150 NL200 NL5 Torr++++10 Torr++++ (b) Wth M5'" PTFE 25 nmm
syringe filter: (1) 0.2 ,vmnenbrane fi Iter 50 NL100 ~rL150 uL200 pL5
Torr+---10 Torr---- (2) 0.5 ,umnenbrane filter 50 girl 100 NL15C%%§£@ tILS
Torr+---10 Torr---- (3) Wth 2 MFS'" filters together at 5 Torr P
~LTwo O0.2Nm filtersTwo O.5Nmfilters--192 8 MAY 2dU2 -35 (c) Wth Nal gene""
PTFE 50 mm syri nge filter (1 ) 0.2 um““menbrane filter 50 uL100 ~L150
~rL200 NL5 Igorr---- 8 ~ -1 -1 - (2) 0.45 um nenbrane filter 50
,uL100 NLIZéusiomBestnigts 'ﬁc‘{ﬁtﬁm:-iolﬂ""ﬂéﬁfr MaCUUlm 3 I Tarrg (d) Wth Wat man

Anot op~" 10 Pl flilt eb filte L100
L8 Tor roet G roareneo o S0t T R S L o

Torr-- (e ng)o é‘@,ldmAcrodl sc' " CR|PTFE syri n{;e filter: {1 ) Q.2 u

menbr ane H++e+—>0—++3+00-—+tE5—For+++-H0—Forr Z—0—4 0. 45

Nm menbrane filter 50 NL100 , uL5 Torr+-10 Torr-- (3) 1.0 Nm nenbrane filter
These results show that the addition of hydrogen peroxide solution, followed

by exposure to vacuum, is ineffective for achieving rapid sterilization in an open
system. Identical treatment in a diffusion restricted system, by comparison, results
in complete sterilization, except at the very weakest concentration of hydrogen
peroxide solution in an amount of only 50 pl. Sterilization can be effected,
however, by increasing the exposure to the vacuum.

Thus, the method of the present invention, wherein small amounts of
hydrogen peroxide solution are delivered to the article to be sterilized prior to
exposure to a vacuum, is an effective method of sterilization. The method does not
depend on the diffusion of sterilant vapor into the article being sterilized. Rather,
the hydrogen peroxide vapor is created by the vacuum within the system. This
vapor is prevented from leaving the system too quickly, because the diffusion of the
sterilant vapor from the inside of the article to the outside of the article is slowed.
In a diffusion restricted environment, the vapor therefore contacts the article to be
sterilized for a period of time sufficient to effect complete sterilization. In addition,
unlike the prior art methods where the water in the peroxide solution is vaporized
first and becomes a barrier to the penetration of the peroxide vapor, the method of
the present invention removes the water from the system first, thereby concentrating
the hydrogen peroxide vapor remaining in the system. More importantly, in the
present invention, the diffusion of vapor is from the inside to outside rather than
outside to inside as in the prior art. As a result, diffusion-restriction in the present
invention serves to increase the effectiveness of sterilization rather than to decrease
the effectiveness, as in the prior art.

To determine the effect of various pressures on a diffusion restricted

sterilization system, the following experiment was performed.
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soaked for 5 mnutes in 3~ hydrogen peroxi de solution. The nunber of
surviving organisnms following this initial soak was determn ned. Thasdyymens
were renmoved fromthe hydrogen peroxide solution and the outside blotted
dry with paper towels. The inside of the |unmens were dried by placing one
end of the lunen into a flask and bl owthg with a three second burst of
conpressed air. The |lunmens were shaken~and the bl ow ng and shaki ng
repeated until no nore solution was bl own out. Subsequently, the |unmen was
placed in g5 wiifitel vadlhrarwRR I &ydesgbneparosrie at £5<C:MAY 2002 - 38 to either
a vacuumof 0.5 Torr for 15 m nut gsT—or—ptasme—fot S—rrrtt-gs—at—8—5 Torr.
After 15 minutes of vacuum the tgnpéPatlurg iHH) ghsqd ¥500mh apprR2OLOi mat J=Iy
23C to apgroxi rrately 28C. The resyits are det forth{pelow rn|raple IoAp.
Table i A|Effect JBfOWRPSSYER ut i on [Soak- on Iporitidall Activity in Staifless
Steel Lunens Pr| or to Either a Plasma or a Vacuum Treatnment Sterility Test

Resul ts Conc. ( Sqak..Soa o .+ Soak ;Tine 5 mn
Surviving Al one lﬂﬁﬁléﬁ ng‘%sb%[ﬂlzgﬂgné" %ﬁﬁvﬁg 'R Qﬁés'é’"oferig'ﬂ%s 4/ 4
0/4 0/ 4 A driwenmemtd & sregdarésupte ByslitQ@eTopar 28 de AS plaskiies o830 Tir and
effective neans for delivering the @gdroge eroxide into the |unen prior

to vacuumhjgh matsnhzatmawaéw aghiey éb'SUéP@Peved tehe fugito e fach thet dhen
i d f Qo
et 0L Sl RO b oo TS R MR RBA AP TRT AL

sol uti on ‘Highert ptessureeakiendiquid &tydrega't pasoxifé ausud\eethe plays twbélakas @ptt he
hydr ogen peroxj de as, deposi tlfng S vol unes, direct| i into the Iumgn of
the devi ce&/aPPriging nfbisgMasuesn vm%JTE the, trsHHE ane Bx3Q dotarressaise ah 458%: .

rer e, ot ai0hEm SteARzaid? W Aicvdd1OFhHE 3By Brédture 5 HydffePperaide

st ear ot her rmph Us spores S Were p ed Int &'CEnt er
pi ece of dnéreavedk d048NCsithis)| thes hs'dmgenl peroxidéineao gapopeed xatdS0s Fber, i on

at 39'0 co entratlo ver men at a flowrate of 0.1
Unin, usi rFSFeQ elyistgr zt'"%“lﬁlhlj‘d 'I‘ﬁ Hﬁ"x/\g‘f téi'E’eed as described above.

Fol | owi ng pr et r gador8imglyVin Brdbrds Qaﬁiévé‘ﬁ(eﬁ*hﬂﬁoﬁ lehh'tﬁ’é‘mém wﬁ%rw&ut hen
pl aced in a sterilization chanber and expose to erther a vacuum of

Torr for IlBventiondbe tempsraturemandrpressune within the acBuTL chambpee shewld) bé are

f h b Y, B.Ff f
i ow. Thr oGk it e 2aflof Btheadugous RS perdf solutol S o RRHEY. Sl
Ei ther a \fheysterdrshould pesférablydsd spevatddbdibai mbmposb&sturbwmhﬁrergehl ty
Test Results Conc. _HzO~ Nunber of Survi vi r]g Flow + Flow + (% gani sns

after VaclRemridgsndhe Rresseteofeetnio Abe eelgws tha Magor piessury @bevqir@srep of
t he hydro 0 f

to del>/| veﬁ?grﬁggélﬁgﬁe&@&(:{hgqﬁ)&k geﬁgﬁb?%gﬁe %lﬁﬁo‘ny?@[sﬁ gpftgé:t o#én)(ei |very
of hydr ogempoeized iadd diffusesr fosm thepnaqnonaﬁ the stitfdsioBtrestritted =rsireaimditades

were | nOCULgtoeu?ﬂg\é r,l‘lternatlve}y,e‘{he ’hy%trc?gaernoéehr%&{?ep c?a'nI be vaporized locally where

the system remains above the vapor pressure by introducing energy to the site of

the peroxide, such as through microwaves, radio waves, or other energy sources.

To further determine the effect of varying the pressure and the temperature
in the diffusion restricted system described in Example 6, the following experiments
were performed.

Example 7

A stainless steel scalpel blade 5 was placed within a 2.2 cm x 60 cm glass
tube 20 which was closed at one end, as illustrated in FIGURE 2. Each blade 5 had
been inoculated with 1.9 x 10° B. stearothermophilus spores. To create a diffusion

restricted environment, the open end of the glass tube 20 was sealed with a rubber



spores. The inocul ated bl ades were placed in the expanded center piece of a
3 mm x 50 cmstainless steel lunen. Three percent hydrogen peroxi MAY 1200
solution was delivered to the lunen via a 3 second aerosol spray. Aerosol
spray rate was determned to be 0.04 Urmin. After a S mnute wait follow ng
pretreatment with hydrogen peroxide, the_lunmen was dried as described above
and the lunen was then placed in a steti1izati on chanber and exposed to
either a vacuumof 0.5 Torr for 15 mnutes, or plasma for 15 mnutes at 0.5
Torr. The ; h s Tahl f of
Aer osol De':géé%'?g?{ ﬁiﬁgstﬁﬁ't"i )c()gmo(ralw‘slﬁ{c%mlglgydg‘leégc l?ewgtB yﬁ'lg-gl?@r ﬁ% S‘EE{e her a
Vacuum or ldyftagentpetotidesphitionrat Metarcehtradon obt3€k iwast addedsib tReglist subfeonc.
Hz02 Nunber of Surviving Organisns_after Aerosol Al one Aero O‘a + Pl asma
Aerosol + AR ELameynts of 198515@9!300” Jogether wit s atg%b deR- t ieough

of hydr 0g8ApRAPHUBIRRdSh S Fhculnh CARBer Urid (RN BE QB0LaER T0 3l 6 0°
achi eved by 1 ntroducing i ncreased pressure at the delivery end or decreased
pressure dlo Maey eie tpressdreofvithire thechambtee, the valkvet rdthd vacum \pulaptwis om

the data in Taples, 16A-16C that all three nethods of deliyveri ngfeggdr ogen

J th
peroxi de sAPERd.Guehghanieapressie WilhBANe CRMREr @55 1o GeloR dp oAb daHT ve
sterilizatign.qel i : ol TaTokS
delivery cdaf%?t}es ﬁ@&?g’?s gﬁgﬁlggtt?ﬁéetrﬁytgr geélturjgelrr(%lé%gago u?F%n |sa%£yesent
in the sys23f€ poiapproxinatgps28°€.t dn \aaseaomdotesyy|thertabe Rhatdsyplatddeirethie cary

of pretreatnment wth hydrogen peroxid i 0 a.sterilization rycle which
comgi nes emrg'}‘gthﬁﬁﬁﬂg’@ﬁ“%éreﬂglF‘bage@ybgb,ﬂU&cEﬁﬁ]??rlgﬂlarzag‘frlﬁ h%&lgss |
eval uat ed.y bRe0 Kat iMJeid 14950 dfdthe E¥AcTHIRN 10T the 2hABes wik @8mgledes
were inoculated with 2.5 x 106 8. stearothernophilus spores. The Dbl ades

wer e soakethe tuls-80hyas trgatedfor d)%i minuwtes.utlihenrasults of these tesisrarg reporteds .

The bl ades%%/@re then placed in the expanded center piece of a 3 nmx 50 cm
st ai nl ess " |unen. The lunen was then placed in a sterilization chanber
whi ch was evacuated to approxi mately Palfleorr. The sterilization rycle

consi sted of 15 m nutes of hydrogen peroxi de vapor diffusion with a m ni num

of 6 ng/L hydrogen per opgdde of Vahi gﬁaé ékéré@ﬁﬂ‘@?éssﬁg ghasma at 400 watts.

Foll owi ng the plasma trea : o and the bl ades
tested for sterility. Thebr?gggd?rt’s arre S Omn&lll\g’gﬁ?)ﬁ/(vs%llg e 17 Effects of H-O-

Sol ution ak on.Sporicj dal tivity.in Stainless Steel Lunens Prior to a

Hydr ogen %Fﬁﬂraén%ﬁﬁ%ﬁd gﬂ'& éﬁggnt& %}%Freorét erility Test Results Conc. H-QZ
Soak Time Soak Alone Soak + Cycle 3~ 1 mn 4/4 0|4
50 pL 100 pl 150 pL 200 plL

Efficacy Results - - - .

Temperature of the tube increased to 45°C:

50 pl 100 pL 150 pL 200 pL

Efficacy Results - - - -

These results show that maintaining a constant pressure or temperature is not
required in the diffusion restricted environment to effect sterilization. Under the
conditions tested, the hydrogen peroxide is vaporized and kept in contact with the
device to be sterilized for a time sufficient to effect complete sterilization.

The method of- the present invention relies on the delivery of liquid
hydrogen peroxide to the article to be sterilized prior to vacuum or plasma

treatment. The following testing was performed to determine the effect of the



5mi n 44004 29 MAY 1002 -41 Processing the lunmens in a hydrogen
peroxi de vapor and plasma cycle alone left an average of 30 surviving
organi sns per blade. Pretreating the blades by soaking in 396 hydrMdaeiil
peroxi de solution for 5 mnutes alone |left an average of 8.2 x 105
surviving organi sns per blade. Thus, umrder the test conditions, a

conbi nati on of hydrogen peroxi de vapor--exposure and pl asnma exposure, which
has been found to be effective for nany articles, was ineffective in a

di f f usi on|4Qsibhi 61t Bk 88NVEr) BTENNe. hydPOEE berdXd@WatHiR ahe diffubidnaresiricted t 0 be
sterilized wth dilute hydrogen peroxide solution prior to exposure to

hydr ogen poeviosmmentapor and pl asma, conplete sterilization can be achieved.
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di anet er _whi ch, provide the, sanme or nore d_iffi_.ision, restriction
t _han_provided by a reference |unen_27 cmin | ength and _haying _an
inte_rna_ |l dianeter of 3 nm at said selected ~ ressure and sai d sel ected
...... e e W, i

: R (! A T
tenperature, and wherein said hydrogen peroxi de vapor diffuses fi~omi nside
to ,outside of said lunmen, for a tinme_period,sufficierit to effect
sterilization of said~lunen by. hydrogen peroxide vapor. . 2. The nethod of
claim1l1, wherein said liquid solution is an aerosol. 3. The nmethod of claim
1, wherein said solution is peracetic acid. 4. The nethod of claim1,
wherein said contacting step conprises delivery of said liquid solution via
one or nore neth_ods _sele cted fro_mthe_group, consisting of injection,

static soak, liqgLiid~flowthrough and aerosol spray.
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nmet hod of claim 1, wherein the lunen of s aid device is at least 27 cmi_n
| ength and has an internal diameter of no norerthan~ 1 nm ~~~~y~~~~~ ~~~~

6. The nethod of claim1l, fw-ther conprising exposing said device to a
pl asma whil e exposi ng the device to, negative pressure.



7. The method of claim6, wherein said nethod is performed within a first
chanber and wherein sai d~plasnma is ge nerated~in a second, separate chanber
and sai d~-~u~'" yethod~fi u=t her, conprises the step of flow ng sai? 0

pl asma, ~into_said fv_st chanber. 8. The nmethod of claim®6, where H’@ﬁ'@
method is performed within a seal ed _-ehanber and said plasma i s generated
W thin said chanbei-.~~ ~ 4 - 44 Z9TNMAY 2002 9, The nethod of claiml,
wherein if the exposing step is conducted at 40.degree. C. and 10 ton' for
one hour and if in the contacting stefiablen§ of hydrogen peroxi de per liter
of lunmen volune is introduced into said lunmen, said lunmen is sufficiently
diffusion restricted to retﬁba@fHg)mzxg@hr}aérbsmecﬁo!@udﬂ nmg or nore hydrogen

peroxide per liter of lumen vl Oted€inhdt 1hmeém/ L is the total
concentration of hydrogen peroxide liquid at 1 atnosphere pressure,

remai ni ng pdt-eq—t-he—exposi-hg—step—4+o—7rhe—pet-hod—of ool i f
the exposi ng st eﬂérbildéoi‘rﬁbﬂﬁﬁd at ﬂoléﬁéﬂhGE-ltﬁrn mld[ mnlﬁ'loﬂfﬁ f(Umlﬂnl*D our
and if in frfretomactT g Step g ot hyur ogerr peT oxjueper—Hter—of—Hunen

vol ume is fintroduced into said |ungn50semd [unen is puffirciently diffusion
restricted to retain 17%or nore o ‘Be t ot pl hydrogen peroxide 1ntroduced
t herein afjter the 1€pbofnigestep, wher he 17%is fhe Bydrohen peroxli de
liquid at |1 at nosphigykenferessur e, renq;mnp,g hf t er. t he| exposi ngj step. 11} The
met hod of |claim 1, wherein the conpaet

times. 12.] The nethod of claim1, AhGISecm t he exposipg step i b repeat ed one

nme eGebeaiant od an FaX B 2% oY
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or nore tifes—I3—The ethodofclarm I, erelrnm pop I the coptactT g st ep
and the exXposing step are repeated o%® o nbre th nes| 14+ Thel met trod off
claiml, erein said solution is t@i nc =ntrq{t|on of | ess fhan 25% py
wei ght. 15. The nd00pt off3%l ai m 1, in $aid expo Lng""iLe,n i:jerf med

for 60 m nutes or jheggass thbe The el had e ¢ ai m.,,l furthgr coppriging fhe
step of hgating said device duri ngtsatre—exppstrag—step—itF—Hp—ethoed—pf

claim1l, erein said exposing step d&ams Withi#n a fhanker, hnd wherejn
sai d.nmet hod Turtner_conprises the step of neaﬂ Ng sal d chanpber guring said
exposi ng step. 18. The nethod of claim 17, ein s id chanber i s heated

to between aboufhes %‘Qrsé’é’w @‘ataHﬂd%Fb'B‘Gt‘ea%c ?'@%50 ExaropleByestamlizasionof
claim1, Y, i

cont act | ng TS, hoP Bl W FA e rier 1GRenThEH iRediia Atk ile {dlufioh was
heated to blatedmtﬂdenine Hdmededn eaednff@sucxmmsal:maed enﬁrmsgemebut:that comipldted MAY

2002 21 Th th d of d t
exposi ng SHPENGRATLwas STsFIeEl then 15k BYBRORPN e e iars B 'T%eoﬁwmgen
per oxi de. gg. ofThe IEhERE .ﬁfaca.ﬁuﬁbalresmé@éhvﬁ@hmdmeswrree. tike AdvEEEH O

and 100 ton. The nmethod of claim 22, wherein said pressure is
appr oxi nat eel;oxldse vapar must dlﬁeseeﬁtpﬁstpmfd@ttepnsldect@ﬁdtﬁitleu VRPOoR capn@ieantenr e

f t el t C. .2 hod
For "ster | T fgver Tnfied: ;2 A GiRERRATHER Shvinandfl hffess he dbaRrlit .
conpri si ngsufﬁ@iéhﬂvtla@ tTlﬁJsl WheEn thie hy‘dregeml petoxite mlnhoﬁWastlbdet$0btsidé)n
conps-i sing hydrogen pero IaC| ald cle in a
di f f usi on- e anlB e %mbm' Sdumens fog' MAeNtyaRer RENEFKAN IR ng
pertormed LiloR! 4BRlizRIdEinsid® the ifteRY fﬁ&é&sa&g SftmCinat WRloR Mirt Adthog! o
envi roment T0 a sefrected' negative pressure and a sel ected tenperahire to

vapori ze swtﬂdhydqmgetdnfhmm|odlestérdannvapmefrpm potsideuthie articlet ta mheiritenbr
sterilization,of the interior r. of said . articl

er.i e by h
per oxi de vaplsie capretachievs sde”ﬁ??éﬁ?rh'ﬁsd usioRJerrigied ‘?ﬂ"é"l?@f‘lﬁ'xﬁ\k’ﬁaﬁ’ BQM de
the sanme o i finu e f Kt n
27 cmin Igng?h%gnd {1as?ﬁtgasgnﬁf.ﬂé'gfrk{ﬁgﬁhrg?Zér?er{aeﬁwﬁjé&ew véha({réstgl%d seloggr'grgd
pressure apdrcsadeiwasl;ﬂadmijurlse:lqibeairtzeleeal|Q~8lngr|meﬂrneempequxid&:lqadlﬁu2a from

wherein the contacti.n ste s d before,t ste 2

net hod of &P %195°“té@&r FP ﬁfﬁ ﬁ’@c‘égﬁ? é’é'?rf %C*hé&%{ﬁ FB]%"\%PI a
liquid sol g hydrogen peroxi de again after the placing step.
27. The rret“kuﬁskgg‘ ?(rﬁnjeg4 additionally conprising heating said solution
prior to said contacting step 28. The nethod of claim 24, wherein said
exposi ng step occurs witlun a chanber, and wherein said nethod further
conprises the step of heating said chanber during said exposing step. 29.
The nethod of claim 24, wherein if the exposing step is conducted at

40. degree. C. and 10 tort for one 170L1l' and if in the contacting step 1 n
Zg of hydrogen peroxide per liter of [unmen volune is introduced into said
| unen, said diffusid~i restricted environment is sufficiently diffusion
restricted to retain 17% or nore of the total



6 - ~. 9 MAY 202 hydrogen peroxide placed therein after the exposing step,
wherein the 17 %is the hydrogen peroxide |iquid at one atnpsphere
pressure, remaining after the exposing step. 30. The net hod 019‘MM'1W24
wherein if the exposing step is conducted at 40.degr ee. C. and 10 tour for
one hour and if in the contacting stepzd- ng of hydrogen peroxide per liter
of lumen volune is introduced into sard™ unmen, said diffusion restricted
environnment is suff ciently diffusion restricted to retain a concentration
of 0.17 ng or rr’blne nqumodgﬂrthpeprexérdeinaémtdamn tihéherefarei wsgftﬂtieperpénonmerm of

| umen vol u r S 0. /L ot e, hydro oXi, t he total
concent r at¥WBf" ﬁﬁ?‘@f"dge‘ﬁ e Stei Z@ﬂ épr E]’IJF'EI)‘”S? ﬂ?e \ZQ @p‘h@re ﬁr Q\}P&es
remai ni ng |ﬁftB€ratﬁ$lﬁ1tQ:?fmﬁus”&1 ﬁésﬁmuo%lwnﬁnﬁa et Péstiétal Bnditon MR, gw sai d
solution is peracetic acid he nmethod of claim 24, wherein sa
contactlndpoapnghnpnggﬁslMﬁﬁNVEdy of said liquid solution via one or nore
nmet hods sel ected fromthe group consisti f injection, static soak,
liquid flowtlu-ough and aerosol spr%?um@gjfThe met hod of cl aim 24, furt her
conpri si ng expogi E‘tﬁurﬁédsdst@éF isehipel Blade! RSWEs WRbLEIabedP SN Bh& argsi gl e to

negative pressure. 34. The nethod of claim 33, wherein said nethod is
per f or med stearmhermophalys spoeash@ndaplaceidnea 2.2a6m pl &R rem iglasgdnbe a?(QadS»| n a

1 owi nj SPGB RFGORER, P2 Aahslaed 3 onSRER, a0F e et s

wher ein sabld gé& e Qﬁuﬂi&ﬁtsfdﬁﬁee(iser&hfr@é%féelqomﬁ'rglm&fQarfdmtcﬁhﬂﬁho\ﬁ&th at
| east one exitf tube. 36. The nethod of claim35, wherein said exit tube is

at | east was inserted throyeh thastopper2 e Thys, gAses eAtaHNEDr exitting:the glassdubsi t

wherei s AN e AR o iIRbGEh fe ohdfibgIn rESubi s0 DRI fm T B °>
wher ei n sabdefmlnt dh d&mmérfl dheed neecmelv;&hbgentpsgronrdebmiuﬂam dnfvaloniepe
envi r ol unent ] nt sai d font I ner

of c|aim?24 rein said
S0 ut L on (TaNEINEremr ACHE A8 200l as dlso bR 3u9e ghe.glashiube 20."The 2l 5 hay
200 41. Thg gq#p y%ﬁy i d for
60 nlnute? or less. %&g?b%ﬁﬁhgﬁfh uﬁ%QP?&#?&?%R?%i?ﬁé?&%ﬁ%ﬁ???ﬁ%&?l e step
of heati ngosé&i Hoar farcl® rimutesy during ewlpobi timesthep temperalure metdased dforal ai m

24, whereili sajd.e j step £o e [ATo S icle t ative
pressure Hﬁﬁﬂgﬁﬁnﬁegﬁgﬁﬁgg’*ﬁﬂg qggﬁéﬁﬁétﬁgﬁg%W%PrgVﬁ?gﬂ“eWH@?' ﬁaﬁﬁ

cont act i NGyt St PorrSfor ABERMiRiePREthO3 %Ry drogefifserodide. TTise FRULOBF His Qésﬁhﬁ‘
wherein the exposing step is repeated one or nor a times. 46. The nethod of
cl ai m 44, axpadistechbeloav imfable Het hod is repeated one or nore times. 47. The
met hod of claim 24, wherein said diffusion-restricted environnent has the
sane or nore diffusion restriction than provided by a single entry/exit

port of 9 mmor less in internal dianeter and 1 cmor greater in |length.

48. The nethod of claim 24, wherein said diffusion-restricted environnent
is sufficiently diffusion restricted to conpletely sterilize a. stainless
steel blade within a 2.2 cmby 60 cm gl ass tube having a rubber stopper
with a 1 mmby 50 cm stainless steel exit tube therein at a vacuum of 10
torr for one hour at 40.degree. C. 49. A nethod for sterilizing a device
having a | unmen, conprising: contacting the interior of said lumen with a

| i quid solution conprising hydrogen peroxide; and exposing said device to a
sel ected negative pressure and a selected tenperature to vaporize said

hydr ogen peroxi de, wherein said lunmen has a |l ength and a di aneter which
provide the sane or nore diffusion restriction than provided by a reference
| umen having a length to internal dianeter ratio of 50 at said sel ected
pressure and said sel ected tenperature, and wherein said hydrogen peroxide
vapor diffuses frominside to outside of said |unen, for a tune period
sufficient to effect sterilization of said |unen by hydrogen peroxide
vapor. 50. The nethod of claim49, wherein said liquid solution is an

aer osol .




- 2 ~r~aY 2o0az 5I. The nethod of claim49, wherein said solution is
peracetic acid, 52. The nmethod of claim49, wherein said contacting
conprises deliven~ of said liquid solution via one or nore nethogghﬁgb ted
fromthe group consisting of injection, static soak, liquid fIOMFthroug%
and aerosol spray. 53. The nethod of clag-m 49, further conprising exposing
said device to a plasma whil e exposi ng—-the device to negative pressure. 54,
The net hod of claimb53, wherein said nethod is performed witllul a first
chanber and wherein said plasma is gedabdé 6d in a second, separate chanber
and said nmethod further conprises flowng said plasma into'said first

chanber. 55. The method of Ccle#fefts? Tutfived Blimepdbf JFRf hod is performed
within a seal ed chanber and %lcgup,l ﬁ%ﬁ%ré%ngﬁ@ﬁﬁ?ﬁt% wi thin said chanber.
e

56. The nethod of claim49, whereint contacting 1s repeated one or nore

tunes. 57. The thod of claim wher.ei g t he ,exposing | s repeated one or

e ti s on Tmves v ot % TR Ao ByaaRipdfde, TPor o0 0% The

exposi ng afe repgaﬁg@iqgone roneg et m?s. 199 uLThe | metized, of ¢l aiz'ﬁbjﬂ.’
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wher ei n safd—sertt+ep—+s—ait—a—eohcenttatrot—of—pss—thar—2b4%-by—wei-ght4 60.
The net hod| of 1ehmi m19e&m whdrei n 4+ he exposing is peifoidred for 60 -m nutps or
| ess. 61. e Trerhod_of crgrm 49, Turyner conpri rl ng neat T =11 ce
during said ex bRE Xg2CB2. The net hod of clai m 49] wherein siid exposi n
occurs within.a chagt;}gﬁr and wherein gaid nethodjfurther colgrl ses heating
sai d chanbgr A.’B"Pr@ M e pnqi;ﬁ} 631 _The nethoq i whereinl said
chanber i s{ heajngsh & qoeat weqgn abaut 40{degree. C. {and about 45.degree. [
64. The nmepkot—ef—ctatm4St—addt-troratty—cornpr—istrAg—eat+ig—sea-e—set{t i on
prior to spid 3mmtaxcSeémg. 45. The net hod of- cl ai fn 64, whereiln sai-d sol iition
i s heated [0 DerTWeer. apout] 40. degr ee{ C. and abgut Z5. degr ¢e. C. =Pz 9
MAY 2002 6B, PAYMReRMSMof |clai M 49, {~-herein sqid exposind conprises

exposi ng shid :¥.i§€i %prqssure. | essf{than the vapor pressufe of hydrogen
per oxi de. B L Clain-B6wherei-nsaild—pressure lis hetueen! 0

and 100 top'. &%hm ksciet hgd of ¢l ai m66, whereilli said pregsure Js
appr oxi mat T 'I're—esrp'o?rn'? S Ccormduciet—at——a—tenperatur-e—o
approxvnat gl yégandedrdem CJ} to abproximately 28.<ﬂegree-. C. 49. A frethofl for

making a sterilized article wtlun a diffusion restricted contarner 1T~ a
vacuum chanber, 1Saininnes MadusararicsTog with 3Cadydrggepapétoxidd cle with a
| i qui d sol ptTom_conmprisT g Tydr ogen roxi de; placing said article in said

di ffusi on |estr$Etelingont aijner50 #hi d Font ai ner conprising at |east one
conmmuni cat ] on Rﬂ{\t R aci n said contjiner in the vacuum chamber, wherein
t he contac iné e’_’h the two placipng steps can occur in any order;

foll owed by reeifing. gdww prlessure in jpai d vacuum chanber, thereby

gener at i ngrHhydroger—peroxtge—vapor—wych di ffuses frominside the
contailier|tobmmsi @bdarhe dont ainer, Eteri lizing the article; and renoving
said conta - er. 70. The nethod of clainb9,

wherein the contacting step either precedes placing said article in said
di ffiision restGanplete sterdizationovay achigwed inlthei mgjarity dofcihet emviesnmentsai d

said ar i1 olat SelerlATH 1o pefisked s BCRIELsEe R dforsel e ot
cont ai | ~er sfafhlesy destaubing shdohBs 50 ZlhydivgengiebedelsoRitRin GReatehilemes sai d

commui ucation port is an_exit tube. 72. The method of claim71;, wherein
sai d exit ofibydregenaperoxide mustbeiused 13 thesgesyseMod of cl ai ms wherein said

filver prevents (atEyanh SR6! Ebfnd Mt 39k el dietsurd danide SBHNAHoR

clail n7l, wherei ai d exi ube is at | east
efficacy, since the container with the shortest and widest exit tube could provide

sterilization at 10 Torr, but not at 5 Torr. At too low pressures (such as pressures
below 5 Torr in the conditions tested) however, it appears that the hydrogen

peroxide vapor is pulled from the interior of the article being sterilized too quickly,



75. The nethod of claim71 wherein said exit tube has an iliternal dianeter
of 9 inmor less. 76.The method of clainb9, wherein said soluti@®d MAY 2007

peracetic acid. -502 9 MAY 2002 77. The nethod of claiin69~~herein the
step of reducing the pressure in tlae vacuum chanber is repeated one or
nore tines. , 78. The netlaod of clair9,- wherein the entire nmethod is

repeated one or nore tunes. _79. The et hod of cl ai 69, wherein said
contacting step conprises delivery via one or nore nethods seI ect ed fi~om
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cl aun 80, erein ond, separate

cl aaznber gﬁﬁ’°§‘éﬁ"&‘%ﬁ€?ﬁ3§'¢ﬁ%ﬁ'§ﬁ’&%§g?ﬁ &QCE Len? eif%E’of f | ov~il ag said
plasma into sai dheamethddCc B HE preseRB invidmtionehdsobeat shéﬁhlt@GQeV\&fﬁé@NE ihhe
pressure in the vacuum chanber is reduced for dO mnutes or less. 84. Tlae
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cl ai m 69. fur I'Si ng sal ution prior Sal d

contacti ngtlsé ei)per_rﬁénts'ﬂleechQdEm‘mpﬂeanmﬁﬂi 11 where gierfotinedpr essure in the
vacuum chanber is reduced to between_0O aad 300 Ton-. 87, The method of
clain69z W aerein the pressure in s& claanber is less than or

equal to the Pr & gﬁl{ hR fea.ﬁnéﬁe%% ifrlid1h FRstriefdd’ sycstaﬁ wataddiery 288 1hee,

met hod of cl ai erel e concentration of hydrogen peroxide vapor in
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Sterilization in diffusion restricted environments can be effected in both
short, wide lumens and long, narrow lumens, regardless of whether metal or plastic
is used to form the lumens. Thus, the method of }he present invention is an
effective sterilization method for diffusion restricted articles, and can be used on a
wide variety of such articles, regardless of their composition.

To further confirm this, 2.1 x 10° B. stearothermophilus spores were
inoculated on stainless steel blades, and 1.2 x 10° B. stearothermophilus spores
were inoculated onto non-woven polypropylene pieces. As shown in FIGURE 2,
the blades 5 or non-woven polypropylene pieces 5 were placed inside a 2.2 cm x
60 cm glass tube 20 together with 50 ul of 3% hydrogen peroxide solution. One
end of the tube was closed, and the open end was sealed with a rubber stopper 25
having either a 1 mm x 10 cm stainless steel tube 30 therein, or a 1 mm x 10 cm
piece of Teflon™ tubing 30 therein. The glass tube 20 was placed inside a vacuum
chamber and treated for 15 minutes at 5 Torr, during which time the temperature
increased from approximately 23°C to approximately 28°C. The results are as

follows.
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9MP9aB/C in a Diffusion Restricted System

SS tubing Teflon tubing
Metal blade - -

Polypropylene - -

Thus, all four combinations of metal and plastic provide for effective
hydrogen peroxide vapor sterilization in a diffusion restricted environment. This
testing confirms that the method of the present invention is an effective sterilization
method for diffusion restricted articles, and can be used on a wide variety of such
articles, regardless of the materials used to form them.

Further testing was next performed to evaluate the effect of various
temperatures and pressures on the sterilization of a diffusion restricted system. The
testing is described belbw.

Example 11

Stainless steel blades were inoculated with 2.1 x 10° B. stearothermophilus
spores. The blades 5 were placed inside a 2.2 cm x 60 cm glass tube 20 as
illustrated in FIGURE 2, along with various amounts of 3% hydroger; peroxide
solution. The glass tube 20 was placed in a vacuum chamber and subjected to
different pressures and different temperatures for various periods of time. During
the sterilization cycles reported in Table 11A, the temperature increased from
approximately 23°C to the temperatures indicated. In the experiments reported in
Table 11B, the chamber was heated to approximately 45°C. In an alternative
embodiment, rather than heating the chamber, the temperature of the peroxide
solution itself can be heated. In the experiments reported in Table 11C, the
temperature increased from approximately 23°C to approximately 28°C during the

15 minute period of exposure to vacuum.
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Sterilization in a Diffusion Restricted Environment

At 5 Torr pressure:

5 min. 10 min. 15 min.
(approx. 24°C) | (approx. 26°C) | (approx. 28°C)

50 ul of 3% peroxide - - -

100 pL of 3% peroxide - - -

150 pL of 3% peroxide + - -

200 pL of 3% peroxide + - -

Table 11B

Effect of Elevated Chamber Temperature and Volume of Peroxide on
Sterilization in a Diffusion Restricted Environment

Chamber at approximately 45°C:

5 min.
150 pl of 3% peroxide -
200 pL of 3% peroxide -
Jable 11C

Effect of Pressure and Volume of Peroxide on
Sterilization in a Diffusion Restricted Environment

With 15 minutes exposure time:

Approx. 28°C 1 torr 5 torr 10 torr
20 ub of 3% peroxide N/D + -
50 yL of 3% peroxide + - .
100 pL of 3% peroxide - - -

Under the test conditions of Example 11, large volumes of hydrogen

peroxide solution were ineffective at achieving sterilization when vacuum was
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because water vaporizes more quickly than hydrogen peroxide. Thus, the water
present in the aqueous solution will vaporize first, and more time is needed to
vaporize the hydrogen peroxide. This also explains why the larger volumes of
hydrogen peroxide solution were effective at achieving sterilization at higher
temperatures; the vaporization of the hydrogen peroxide occurs sooner at higher
temperatures. Thus, when more water is present in the system, either higher
temperatures or more time is required to achieve sterilization.

Again, it would appear from these data that slightly higher pressures, i.e. 10
Torr, achieve more effective sterilization under these conditions. This is believed
to be because at higher pressures, more hydrogen peroxide vapor is retained inside
the system. At too low a pressure, the hydrogen peroxide vapor is pulled out of the
system too quickly.
' In order to evaluate a putative minimum concentration of peroxide in the
liquid/vacuum system in a diffusion-restricted container, Example 12 was carried
out.
Example 12
Various concentrations of peroxide were used in a system substantially as
described in connection with Figure 2. In this system, the exit tube 35 was a
stainless steel tube having a length of 50 cm and an internal diameter of 1 mm. A
stainless steel blade inoculated with 1.9 x 10° spores of B. stearothermophilus was
placed within the container which was a 2.2 cm x 60 cm glass tube. Various
amounts of 3% hydrogen peroxide were introduced into the container. The
container was placed in a vacuum chamber of 173 liters, and the pressure reduced
to 10 Torr for a period of one hour, during which time the temperature increased
from approximately 23°C to approximately 40°C. Sporicidal activity was evaluated
at each concentration of peroxide. In addition, the amount of peroxide remaining
in the container after the sterilization process was evaluated by standard titration
techniques, whereby the peroxide was reacted with potassium iodide and titrated
with sodium thiosulfate. Results are shown in Table 12 where "N/D" indicates not

determined.
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0.6 mg/L liquid + N/D

0.7 mg/L liquid + N/D

0.8 mg/L liquid + N/D

0.9 mg/L liquid + N/D

1.0 mg/L liquid - 0.17 mg/L

The results reported in Table 12 indicate that 1.0 mg/L of 3% liquid peroxide
were required in the system tested to effect sterilization. Further, under the
conditions tested, a concentration of 0.17 mg/L of peroxide remaining in the system
was sufficient to provide complete sterilization. These data also show that the glass
tube used in these experiments provided a sufficient level of diffusion restriction to
retain 17% of the hydrogen peroxide placed therein.

We further investigated the effects of length and internal diameter of the exit
tube used in a system similar to that of Example 12. This testing is shown in
Example 13.

Example 13

A system similar to that described above in connection with Example 12,
with the exception that 15 minutes of vacuum rather than one hour was used.
Thus, the temperature increased only to about 28°C. In this testing, the size of the
exit tube 35 was varied, as well as the volume of 3% peroxide solution. The results

are reported below in Table 13.
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50 ul 100 | | 150 pl | 200 pl

Open without tubing + + + +

6 mm ID x 1 cm length + - - -

9 mm ID x 1 cm length + - - -

13 mm ID x 1 cm length + + + +

The results show that provided sufficient peroxide is present, the diffusion-
restriction provided by a single entry/exit port of 9 mm or less in internal diameter,
or 1 cm or greater in length is sufficient to effect sterilization.

To further evaluate the effect on sterilization efficacy of changes in the
amount of restriction of vapor diffusion in the system, the following testing was
performed.

Example 14

A stainless steel blade was inoculated with 2.1 x 10° B. stearothermophilus
spores. The blade 5 was placed inside a 2.2 cm x 60 cm glass tube 20 as shown
in FIGURE 3, together with various amounts of 3% hydrogen peroxide solution.
One end of the tube was closed, and the open end was sealed with a rubber
stopper 25 having a syringe filter 35 inserted therein. The glass tube 20 was placed
inside a vacuum chamber and treated for 15 minutes at 5 Torr, during which time
the temperature increased from approximately 23°C to approximately 28°C. As a
control, identically inoculated blades were placed inside 2.2 cm x 60 cm glass
tubes. The open end of the tubes was left open, no stopper or syringe filter was
used. Thus, the diffusion of vapor from the interior of the tube was not restricted.

Various syringe filters having various pore sizes were tested, including MFS
PTFE 25 mm syringe filters with a 0.2 ym membrane filter and a 0.5 zm membrane
filter; a Nalgene PTFE 50 mm.syringe filter with a 0.2 ym membrane filter and a

0.45 ym membrane filter; a Whatman Anotop™ 10 Plus sterile syringe filter with a
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Acrodisc™ CR PTFE syringe filter with a 0.2 yum, 0.45 ym, and a 1.0’ 4/m membrane.

The results are as follows.
Table 14

Sporicidal Activity of H,0, Solution with Vacuum
in a Container Having a Syringe Filter

15 minutes vacuum and 3% hydrogen peroxide:

(@) Without syringe filter and stopper:

50 uL 100 pL 150 uL 200 uL
5 Torr + + + +
10 Torr + + + +
(b) With MFS™ PTFE 25 mm syringe filter:
(1) 0.2 ym membrane filter
50 uL 100 L 150 L 200 plL
5 Torr + - - -
10 Torr - - - -
(2) 0.5 yum membrane filter
50 uL 100 uL 150 ul 200 pL
5 Torr + - - -
10 Torr - - - -
(3) With 2 MFS™ filters together at 5 Torr pressure
50 pb “
Two 0.2um filters - “
Two 0.5um filters - “
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In order to test whether other sterilants can also be used to effect sterilization
in diffusion restricted environments, the following testing was performed.
Example 15
A stainless steel blade was inoculated with 1.9 x 10° B. stearothermophilus
spores. The blade 5 was placed inside a 2.2 cm x 60 c¢cm glass tube 20 as shown
in FIGURE 2, along with various amounts of 4.74% peracetic acid solution (Solvay

Interox Ltd., Warrington, England). The glass tube 20 was placed in a vacuum
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from the hydrogen peroxide solution and the outside blotted dry with paper towels.
The inside of the lumens were dried by placing one end of the lumen into a flask
and blowing with a three second burst of compressed air. The lumens were
shaken, and the blowing and shaking repeated until no more solution was blown

out. Subsequently, the lumen was placed in a sterilization chamber and exposed
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Table 16A

Effect of H,0, Solution Soak on
Sporicidal Activity in Stainless Steel Lumens Prior to
Either a Plasma or a Vacuum Treatment

Sterility Test Results

Conc. H,0, (%) Number of Soak Soak + Soak +
Soak Time 5 min Surviving Alone Vacuum Plasma
Organisms After
Soaking Alone

3.0 8.2x10° 4/4 0/4 0/4

A five minute soak in 3% hydrogen peroxide solution was an effective
means for delivering the hydrogen peroxide into the lumen prior to vacuum or
plasma treatment. As noted before, treatment with hydrogen peroxide solution only
is ineffective to achieve sterilization using dilute solutions and short soak times.
Delivery of hydrogen peroxide solution via static soaking is at least as effective a
way to deliver the hydrogen peroxide as depositing small volumes directly into the
lumen of the device.

Flow-through delivery of hydrogen peroxide was tested next. Here, stainless
steel blades were inoculated with 2.5 x 10°® B. stearothermophilus spores. The
blades were placed in the expanded center piece of a 3 mm x 50 cm stainless steel
lumen. Hydrogen peroxide solution at 3% concentration was delivered to the
lumen at a flow rate of 0.1 L/min, using a peristaltic pump. The lumen was dried
as described above. Following pretreatment with hydrogen peroxide solution, the
lumen was then placed in a sterilization chamber and exposed to either a vacuum
of 0.5 Torr for 15 minutes, or plasma for 15 minutes at 0.5 Torr. The results are

set forth below in Table 16B.
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Table 168
Effects of Flow-Through Delivery of H,O, Solution on

Sporicidal Activity Prior to Either a Vacuum or a Plasma
Treatment in Stainless Steel Lumens

Sterility Test Results

Conc. H,0, Number of Surviving Flow + Flow +
(%) Organisms after Vacuum Plasma
5 min flow Flow Alone
3 6.2x10° 0/4 0/4

Delivery of the hydrogen peroxide solution via constant flow is also an
effective way to deliver hydrogen peroxide to the system.

Finally, the effect of delivery of hydrogen peroxide by aerosol spray was
tested. Stainless steel blades were inoculated with 2.5 x 10° B. stearothermophilus
spores. The inoculated blades were placed in the expanded center piece of a 3 mm
x 50 cm stainless steel lumen. Three percent hydrogen peroxide solution was
delivered to the lumen via a 3 second aerosol spray. Aerosol spray rate was
determined to be 0.04 L/min. After a 5 minute wait following pretreatment with
hydrogen peroxide, the lumen was dried as described above and the lumen was
then placed in a sterilization chamber and exposed to either a vacuum of 0.5 Torr
for 15 minutes, or plasma for 15 minutes at 0.5 Torr. The results are set forth
below in Table 16C.

Table 16C
Effects of Aerosol Delivery of H,0, Solution on

Sporicidal Activity Prior to Either a Vacuum
or a Plasma Treatment in Metal Lumens

Sterility Test Results

Conc. H,0, Number of Surviving Aerosol + Aerosol +
(%) Organisms after Vacuum Plasma
Aerosol Alone

3 7.4x10° 0/4 0/4
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1 10% &l & Q))dpplasma was evaluated. The testing was as follows.
Example 17

Stainless steel blades were inoculated with 2.5 x 10° B. stearothermophilus
spores. The blades were soaked in 3% hydrogen peroxide solution for eithef 1 or
5 minutes. The blades were then placed in the expanded center piece of a 3 mm
x 50 cm stainless steel lumen. The lumen was then placed in a sterilization
chamber which was evacuated to approximately 0.5 Torr. The sterilization cycle
consisted of 15 minutes of hydrogen peroxide vapor diffusion with a minimum of
6 mg/L hydrogen peroxide, followed by 15 minutes of plasma at 400 watts.
Following the plasma treatment, the chamber was vented and the blades tested for
sterility. The results are shown below.

Table 17
Effects of H,O, Solution Soak on Sporicidal

Activity in Stainless Steel Lumens Prior to a
Hydrogen Peroxide Vapor and Plasma Cycle

Sterility Test Results

Conc. H,0, Soak Time Soak Alone Soak + Cycle
3% 1 min 4/4 0/4
5 min 4/4 0/4
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left an average of 30 surviving organisms per blade. Pretreating the blades by
soaking in 3% hydrogen peroxide solution for 5 minutes alone left an average of
8.2 x 10° surviving organisms per blade. Thus, under the test conditions, a
combination of hydrogen peroxide vapor exposure and plasma exposure, which has
been found to be effective for many articles, was ineffective in a diffusion restricted
environment. However, by pretreating the article to be sterilized with dilute
hydrogen peroxide solution prior to exposure to hydrogen peroxide vapor and
plasma, complete sterilization can be achieved.

While the invention has been described in connection with liquid sterilant
solutions containing hydrogen peroxide, it will be appreciated by those having
ordinary skill in the art that equivalent sterilization methods can be adapted for
other sterilant liquids. In an alternative embodiment, a sterilant having a vapor
pressure lower than that of water or other solvent in which the sterilant is provided
is used. For such sterilants, it is only important that the vapor pressure be lower
than that of the solvent within the temperature ranges contemplated herein. Such
sterilants can be adapted for the techniques described herein with only minor
adjustments made for the differences in vapor pressure between peroxide and such
other sterilant, as can be readily determined by those having ordinary skill in the
art. As long as the local vapor pressure at the site of the sterilant liquid is below
the vapor pressure of the sterilant, sterilization can be achieved substantially as
described hereinabove.

Conclusion

Achieving rapid sterilization of lumened devices at low temperatures using
low concentrations of sterilants has, until now, been exceedingly challenging. A
superior method of sterilization has been discovered which overcomes the
problems of the known methods. By pretreating articles to be sterilized with an
aqueous solution of hydrogen peroxide prior to exposure to a vacuum, rapid
sterilization can be achieved at low temperatures, without damage to the articles,

without leaving toxic residues behind, and without the need to attach special
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Claims

1. A method for sterilizing an interior of a device having a lumen, comprising:

contacting the interior of said lumen with a liquid solution comprising hydrogen
peroxide; and

exposmg said device to a selected negative pressure and a selected temperature to
vaporize said hydrogen peromde

wherein said lumen has a length and diameter which provide the same or more

diffusion restriction than prowded bya reference lumen 27 cmin length and having
an internal diameter of 3 mm, at said selected pressure : and sa1d selected

| temperature,

and wherein said hydrogen peroxide vapor diffuses from inside to outside of said

b

Jumen, for z a tlme penod sufﬁc1ent to effect stenllzatlon of sa1d lumeh by hydrogen
perox1de vapor
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2. The method of claim 1, wherein said liquid solution is an aerosol.
3. The method of claim 1, wherein said solution is peracetic acid.

4. The method of claim 1, wherein said contacting step comprises delivery of said
liquid solution via one or more methods selected from the group consisting of
injection, static soak, l1qmd flow-through and aerosol | spray.

e WA n o Kb

5. The method of claim 1, wherein the lumen of said device is at least 27 cm in
) length and has an mtemal diameter of no more than 1 mm,
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6. The method of claim 1, further comprising exposing said dev1ce to a plasma while
exposing the device to negative pressure.

7. The method of claim 6, wherein said method is performed within a first chamber
and wherein said plasma 1s generated in a second, separate chamber and said
method further comprises the : step of flowing said plasma into said first chamber.

8. The method of claim 6, wherein said method is performed WJthm a sealed
chamber and said plasma is generated within said chamber.
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per liter of umen volume, wherein 0,17 mg/L is the total concentration of hydrogen
peroxide liquid at 1 atmosphere pressure, remaining after the exposing step.

10. The method of claim 1, wherein if the exposing step is conducted at 40.degree.
C. and 10 torr for one hour and if in the contacting step 1 mg of hydrogen peroxide
per liter of lumen volume is introduced into said lumen, said lumen is sufficiently
diffusion restricted to retain 17% or more of the total hydrogen peroxide introduced
therein after the exposing step, wherein the 17% is the hydrogen peroxide liquid at 1
atmosphere pressure, remaining after the exposing step.

11. The method of claim 1, wherein the contacting step is repeated one or more
times.

12. The method of claim 1, wherein the exposing step is repeated one or more times.

13. The method of claim 1, wherein both the contacting step and the exposing step
are repeated one or more times.

14. The method of claim 1, wherein said solution is at a concentration of less than
25% by weight,

15. The method of claim 1, wherein said exposing step is performed for 60 minutes
or less.

) 16. The method of claim 1, further comprising the step of heating said device during
) said exposing step.

17. The method of claim 1, wherein said exposing step occurs within a chamber, and
wherein said method further comprises the step of heating said chamber during said
exposing step.

18. The method of claim 17, wherein said chamber is heated to between about
40.degree. C. and about 45.degree. C.

19. The method of claim 1, additionally comprising heating said solution prior to
said contacting step.

20. The method of claim 19, wherein said solution is heated to between about
40.degree. C. and about 45.degree. C.
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21. The method of claim 1, wherein said exposing step comprises exposing said
device to pressure less than the vapor pressure of hydrogen peroxide.

22. The method of claim 21, wherein said pressure is between 0 and 100 torr.

23. The method of claim 22, wherein said pressure is approximately 10 torr and the
exposing step is conducted at a temperature of approximately 23.degree. C. to
approximately 28.degree. C.

24. A method for sterilizing an interior and an exterior of an article having a lumen,
comprising:

contacting the interior of said lumen with a liquid solution comprising hydrogen
peroxide; and

placing said article in a diffusion-restricted environment, said contacting and placing
steps being performed in either order; followed by

exposing said diffusion-restricted environment to a selected negative pressure and a
selected temperature to vaporize said hydrogen peroxide for a time period sufficient
to effect sterilization of the interior and exterior of said article by hydrogen peroxide
vapor, wherein said lumen has a length and diameter which provide the same or
more diffusion restriction than provided by a reference lumen 27 cm in length and
having an internal diameter of 3 mm, at said selected pressure and said selected

temperature.

25. The method of claim 24, wherein the contacting step is performed before the
placing step.

26. The method of claim 25, additionally comprising contacting the article with a
liquid solution comprising hydrogen peroxide again after the placing step.

27. The method of claim 24, additionally comprising heating said solution prior to
said contacting step.

28. The method of claim 24, wherein said exposing step occurs within a chamber,
and wherein said method further comprises the step of heating said chamber during

said exposing step.

29. The method of claim 24, wherein if the exposing step is conducted at 40.degree.
C. and 10 torr for one hour and if in the contacting step 1 mg of hydrogen peroxide
per liter of lumen volume is introduced into said lumen, said diffusion restricted
environment is sufficiently diffusion restricted to retain 17% or more of the total
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per liter of lumen vo]ume id lumen said diffusion restricted
environment is sufficiently diffusion restncted to retain a concentration of 0.17 mg
or more hydrogen peroxide after the exposing step per liter of lumen volume
wherein said 0.17 mg/L or more hydrogen peroxide is the total concentration of
hydrogen peroxide liquid at one atmosphere pressure, remaining after the exposing

j step.
! 31. The method of claim 24, wherein said solution is peracetic acid.

32. The method of claim 24, wherein said contacting step comprises delivery of said
liquid solution via one or more methods selected from the group consisting of
injection, static soak, liquid flow-through and aerosol spray.

33. The method of claim 24, further comprising exposing said article to a plasma
while exposing the article to negative pressure.

34. The method of claim 33, wherein said method is performed within a first
chamber and wherein said plasma is generated in a second, separate chamber and
said method further comprises the step of flowing said plasma into said first

chamber.

) 35. The method of claim 24, wherein said diffusion-restricted environment
\ comprises a container with at least one exit tube.

36. The method of claim 35, wherein said exit tube is at least 1.0 cm in length.

37. The method of claim 35, wherein said exit tube has an internal diameter of 9 mm
or less.

38. The method of claim 35, wherein said exit tube includes a filter.

39. The method of claim 38, wherein said filter is sufficient to prevent entry of
bacteria from the environment into said container.

40. The method of claim 24, wherein said solution is at a concentration of less than
25% by weight.
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50. The method of claim 49, wherein said liquid solution is an aerosol.
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' 55. The method of claim 53, wherein said method is performed within a sealed
) chamber and said plasma is generated within said chamber.

56. The method of claim 49, wherein the contacting is repeated one or more times.
57. The method of claim 49, wherein the exposing is repeated one or more times.

58. The method of claim 49, wherein both the contacting and the exposing are
repeated one or more times.

59. The method of claim 49, wherein said solution is at a concentration of less than
25% by weight.

60. The method of claim 49, wherein the exposing is performed for 60 minutes or
less.

i 61. The method of claim 49, further comprising heating said device during said
' exposing.
62. The method of claim 49, wherein said exposing occurs within a chamber, and
wherein said method further comprises heating said chamber during said exposing,

63. The method of claim 62, wherein said chamber is heated to between about
40.degree. C. and about 45.degree. C.

64. The method of claim 49, additionally comprising heating said solution prior to
said contacting.

65. The method of claim 64, wherein said solution is heated to between about
40.degree. C. and about 45.degree. C.
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71. The method of claim 69, wherein said communication port is an exit tube,

——c—

72. The method of claim 71, wherein said exit tube has a filter therein.

D ad

73. The method of claim72, wherein said filter prevents entry of bacteria into said
container.

74. The method of claim71, wherein said exit tube is at least 1.0 cm in length.

75. The method of claim7], wherein said exit tube has an internal diameter of 9 mm or
less.

76.The method of claim69, wherein said solution is peracetic acid.
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77.The method of claim69,wherein the step of reducing the pressure in the vacuum
chamber 1s repeated one or more times.

50 -

_78. The method of claim69, wherein the entire method is repeated one or more times.

79. The method of claime9, wherein said contacting step comprises delivery via one
or more methods selected from the group consisting of injection, static soak, liquid

flow-through and aerosol spray.

80. The method of claimeg further comprising the step of exposing said container to
a plasma during the step or reducing the pressure in the vacuum chamber.

81. The method of claim 80, wherein said plasma is generated within said vacuum
chamber.

82. The method of claim 80, wherein said plasma is generated in a second, separate
chamber and said method further comprises the step of flowing said plasma into said
vacuum chamber,

83. The method of claimg9, wherein the pressure in the vacuum chamber is reduced
for 60 minutes or less.

84. The method of claimég further comprising the step of heating said container
while reducing the pressure in the vacuum chamber,

85. The method of claim 69, further comprising heating said liquid solution prior to
said contacting step.

_86. The method of claim69, wherein the pressure in the vacuum chamber is reduced
to between 0 and 100 Torr.

87. The method of claimé9, wherein the pressure in said vacuum chamber is less
than or equal to the pressure in the diffusion restricted container.

88. The method of claimé9, wherein the concentration of hydrogen peroxide vapor in
said container is greater than or equal to the concentration of hydrogen peroxide

vapor in said vacuum chamber.



