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Pat. Nos. 4,169, ™ gﬁzﬁg Smﬁééh?}%)%wfﬁgﬂggﬁgr’gatlon of hydrgo en 25 per.oxide

with a plasnp preyides bg%[éaﬁh rbrmetmmlabuddmfuragmhyds Qmimrlg@%ex'#ﬁ LU
Pat. 4,643,876, 1ssued Februar

987 to U P
4,756, 882, nhssga{»dO(Juaﬁ}Oflﬁatewé@ChaPE % DRt e dlavibicks) Ny Hedical .
hydrogen per xide. ARYL rpBRIIUcSiteb 8IGHR0REs/ PRNRerRBbI) b aef sdnsiivegorn

per oxi de,
15 heat, moisture, or both. Formaldehyde and ethylene oxide are both toxic gases that

pose a potential hazard to healthcare workers. Problems with ethylene oxide are
particularly severe, because its use requires long aeration times to remove the gas
from articles that have been sterilized. This makes the sterilization cycle time
undesirably long.

20 Sterilization using liquid hydrogen peroxide solution has been found to
require high concentration of sterilant, extended exposure time and/or elevated
temperatures. However, sterilization using hydrogen peroxide vapor has been
shown to have some advantages over other chemical sterilization processes (see,
e.g., U.S. Pat. Nos. 4,169,123 and 4,169,124). The combination of hydrogen

25 peroxide with a plasma 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

30 hydrogen peroxide vapor diffusing into close proximity with the article to be
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the reactive species-generated by a plasnma generator. The conbination of 30
~hydr ogen peroxi de vapor diffusing into close proximty wth the article to
"be -1- _ sterilized and plasma acts to sterilize the articles, even

wi t hin cl osesiertlizsdagnd plasrw tactsr to stedlize thet hoitdespfeven rithinnd obed! packedges.
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art. The stepikd | rtj ont ai fi ng di ffusion-restricted _areas,
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aqueo sol uﬁi}hpn of h rgt ogen, 15 peroxi de have certain di sadvant ages,
1.

becausd: tauit tsterdlizg. o { Bps,\ng simple.csafe reffective matbied gé stepidizing sreallerd
wll vapor iléﬁiefn@%txﬁsfs ﬁ"hﬁ'ﬂl PHF ggen peroxide froman aqueous solution. 2.
I ar '

Water has a [ ower nolecu wei ght than hydrogen peroxide and will diffuse

faster than hydroﬁm*stgélrizntioieoﬁartitlleecuat]abﬁngidﬁﬁsion%stﬁ%félpé‘réaé?fsuémh§lon‘ﬁhen
an aqueous sol utii)n of hxdé?%gb er oxi de | vaporized in the area

sur roundi ng AEY {RENS &hey tensispacte chiallenser ddethods thas use thydrogenr st
T o e b
areasl3  sucipesexidediave weetain disadvahtagesgbecauseaw | unens. One cannot sol ve the
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vaporize faster than hydrogen peroxide from an aqueous solution.
2. Water has a lower molecular weight than hydrogen peroxide and will
diffuse faster than hydrogen peroxide in the vapor state.
20 Because of this, when an aqueous solution of hydrogen peroxide is
vaporized in the area surrounding the items to be sterilized, the water reaches the
items first and in higher concentration. The water vapor therefore becomes a
barrier to the penetration of hydrogen peroxide vapor into diffusion restricted areas,
such as small crevices and long narrow lumens. One cannot solve the problem by
25 removing water from the aqueous 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
30 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
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per oxi de, since, anong other reasons, concentrated solutions of hydrogen
‘peroxi de greater than 65@6by wei ght can be hazardous due to the oxidizing
" nature thereof. U S. Pat. 952,370 to Cunmings et al. discloses a
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vapori zed faster and precedes the hydrogen peroxide vapor into the |unen.
In U.S. Patehumpn. toshelsterifzed. tlnead;iltlgndMemro@e‘camrlped)cfm angd psecedes ithé ng
15 narromllugﬁ rnQces nul ti conponent sterilant vapor and

hi
requires @5%&‘-\5&’%?’?8?ﬁ’é??haﬁsiﬁl?é‘d@%f fl ow of sterilant vapor and

di scontinuance of |§ugls. PhleAWNd) 5A92|EX2,ahed ¥ discloSed! aosrokBssafer QtdiliSRg t he
met hod. Because flow through of vapor I's used, closed end | unens are not

readi NG st er inarmemdlumensheThip precess usen aThullicompenent serdlant vaparand fequirgs

arobs hor e dPFeeseE atBnaile BeritdP8f dopLSt ediBft v Shd BlskbalFardoriden o,

| umens. flow. A complex apparatus is used to accomplish the method Because flow
through of vapor is used, closed end lumens are not readily sterilized in the
process.

20 Thus, there remains a need for a simple and effective method of vapor

sterilization of articles having areas where diffusion of these vapors is restricted,
such as long, narrow lumens.

Summary of the Invention

One aspect of the present invention relates to a method for sterilizing an

25 interior of a device with a diffusion restricted area, such as a device having a
fumen. The method includes the steps of contacting the interior of the device with

a liquid solution comprising hydrogen peroxide, and exposing the device to

negative pressure for a time period sufficient to effect complete sterilization. In one
embodiment, the liquid solution is peracetic acid. If the exposing step i.s conducted

30 for 1 hour at 40°C and 10 torr, the diffusion restricted area preferably retains 0.17

mg/L or more hydrogen peroxide, or retains 17% or more of the hydrogen peroxide
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! . The chamber
about 40C to about '45C. &etﬁl ona % POSINg step

can be heated to about 40°C to about 45°C. Alternatively, the solution can be

heated, such as to a temperature of about 40°C to about 45°C. Optionally, the
20 step of exposing the device to a plasma can be conducted during the step of
exposing the device to negative pressure. In one embodiment employing exposure
to plasma, the method is performed within a first chamber and the plasma is
generated in a second, separate chamber. This embodiment further comprises the
step of flowing the plasma into the first chamber. Advantageously, the contacting
25 and/or exposing steps of the method can be repeated one or more times,

Another aspect of the present invention relates to a method for steril izing an
interior and an exterior of an article. This method includes the following steps:
contacting the article with a liquid solution comprising hydrogen peroxide; and
placing the article in a diffusion-restricted environment. The contacting and placing

30 steps can be performed in either order. These steps are followed by exposing the

diffusion-restricted environment to negative pressure for a time period sufficient to
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20 step of exposing the device to a plasma can be. conducted during the
step of exposing the device to negative pressure. In.one enbodi nent

enpl oyi ng expgsure to plasma, the nethod is perfornmed within a first
chanber and effect spapigte sieriligatien.afhaicontactingstepican se perfatreedbathitfore BAGS
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contacti ng Sdifsi r £.QJ; tih before and after. the placing step.
"t he. exposy noSERZeRACRETR BRI, s HeClaind 5F e, Sliysion fesfiiogrihan
restricted epr@videdimna singté entapleyit pettedfres niin b7 |es/ih ivterd@ dRari¥@F 98817 cm
pero 'dle after thte exgosiﬁg steg, .or retajns 17%or nore of the hydrogen
peroxlBe 5 Pa8EAE A ENgINAPE &y Sufficiently siffusipn festrictathéo sppinietely steslizean

I ncl ude t he giiARksobtechBRUEGithiRG 812t & ALY LDE. Chamber in
whi ch the exposi ng st ep occurs?aogzb?ﬁh%a??gghgﬁgs P%&wag}!é%gdyg%ﬂstquer
certai n prefWithadT emmdey AR stainjess stedifexiti tabe thereir at ® Sfacunyh 'of VDR foS

t he same or di f.f s restri.ction than provjded by a single
entry/exit p‘%ﬁ){ ﬁ%‘l"l% 4&?:(8?]' rfeeigajué"t’f‘ F3R beperacetig agider T ntagtingitemeambeat er
in length, ddy ideliserfvial £mdthod S4 i ri d | 4. sterilize
a stainless yst eell érgl alde W tth(i)n nggéZsog%‘g?n(ﬁgé% ?ﬁagég%%gfo&ig]rﬁgﬁéor

r ubbel® st opRerosalispraya Rlasma tspn sdscche sised dusisg the step afaxpotingahé hameh foat a

The- cont act Ingratve pRssuRE 3 PBYad} el ihe Patiod can Bripeemmet Wiy e seaed
Used dUring The st b o rmoal e e o T M b e
i s used, tﬁé)qf&rﬂ'@gp\ggwnb@%ﬁétchgmb@a angl ithe planm?mdated in a second,- separaF:e
chamber and the plasma flowed into the first chamber. The diffusion-restricted
20 container can have at least one exit tube, such as one that is at least 1.0 cm in
length and has an internal diameter of 9 mm or less. The exit tube can also include
a filter. In a preferred embodiment, the filter is sufficient to prevent entry of
bacteria from the environment into the container. The solution can be used at a
concentration of less than 25% by weight. The exposing step is preferably
25 performed for 60 minutes or less. The method can be conducted along with the
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

30 or more times.



chanber and the plasma generated within the container. Thus, the nethod can
~be performed within a first chamber and the plasm generated in a second,
separate chanber and the plasma flowed into the first chanber. The
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conprises delivery.via injection, s
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

20 be heated during the exposing step, or the solution heated prior to the contacting
step. The invention also 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
25 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 cross-sectional illustration of an inoculated stainless steel -
blade placed directly within a glass tube having only a narrow opening to create
30 an alternate diffusion-restricted environment for tésting the sterilization method of

_ the present invention.



15 soak, liquid flowthrough or aerosol spray. The contai ner can be exposed
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ster i‘lﬁ_ zat i @ﬁ"%’%t"‘@ﬁée@ﬁet%iﬁefﬁ&idﬂés oy the steriteaartiolgsarticles to be _
i;renrjlr: !Slzﬁg Wth 3R fSRMROICLH the npr%ff»enqy%rvgtqggn,pglrlgf(el, daequgelohg'so?ut?grlsuyfon
hydrogen peroxide are delivered into direct contact with the article to be sterilized.

In the case of a lumened device, the solution is delivered directly into the lumen.

In the case of an article having an area where diffusion of vapor is restricted, the

20 solution is delivered to the interior of the diffusion restricted area. The hydrogen

peroxide solution is delivered into the lumen or into contact with the article to be

sterilized through means such as direct delivery, a static soaking process, a liquid

flow-through process, or by aerosol spray. The aqueous solutions of hydrogen

peroxide can be relatively dilute, e.g., as low as 1-3% or lower by weight, since

25 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 Ioﬁg, narrow

30 lumens, hinges, and other articles having spaces where diffusion of vapors is
restricted.



bot h wat er and hydrogen peroxide) prior to exposure to a vacuum or
optionally, plasma. The nethod of the present invention provides for the
rapid.sterilization of |unened and non-lunened articles under conditions

that will not da .1 cl es nor ve toxig residugs, on the
'sterile artrcles mﬁﬁ ér?grarlre]t?%%é{'%r? O?hoen%pF@t’ﬁ{m?%%fnﬁ\eoﬂ‘,e"&?‘fGf dhe prrsepts
sol utions of inveptiogeigteisousede! for st zive iedirsidedoidrgS hafBlt Rfffhert Eshast he

article to b? Iiter_ilized. In the case of a.lunened device, the sollUtion is
del i vered di (8™MY into the lumen. In the case of an article having an

area where diffusion offy [ d lution js.deliyered
to the interior of the d}'—‘?‘]@)‘ﬁé’i‘éﬁbﬁggﬁﬂﬂzg{jgﬂﬂg&ég?fgﬁzgﬂg,%qlgdglﬁloa&f hutes
sol utien is Bydtogenaeerpxide. t Fee lagueounsolution caanbedelividied ihgs saalll sheuhe Pe

¢
sterilized tht h. ns,such as direct delivery, a static soaking process,
a liquid flgb@?‘ﬁ/r 6‘3‘5@"%#‘8‘8%%5‘,"5*&% SBUC 5a%3R% | laiid Slew-thieughy s @esosobbpray.ons
of hydrogen perozide wha lmereldbeselenlifhd ' DlaGlwithF 4 BHafBed 304 A

| ower by wei ght, since 25 sterilization 1s not achieve rough ¢ohta
with the hydFoBherissealed@andsvacuated. (Peroxidetdeer also be alehivercedoahe e of

t eper at ur es yanghicfe H'HIadfE 1RE g2l I T Ypo Gxposure to hydrogen

peroxi de vapor under vacuum or vacuu th plasnma. The nethod of

the pri@sent inven8ion The pamehdylexpbiedefd el vactium Fdt @?}ehé&éﬁ?éiﬂrﬁ@\ém%}&,\, '30

I naccessi bl e _or hard-to.reach places. Such articles in nar
| umens, hi ngtmperatyre, syfficient to effect sterilizagonpaces where diffusion of vapors

is restricted. -4 Thengrgpe;ﬁé ]mg,;?%t ﬁqﬁ?\gd Q&% c[q]r}aibn%j' ment of the nethod of
u er

.the present invention, which is use or s q{g t he inside of |ong,

narrow | umens, isinagn dltdrhative ethbodirmentusfethet mdiod of Ithé ipesbnk stn\eéf]%&ﬁe% to

an aqueous sglution of .dilute 5 droogen peroxi de. The aqueous sol utlon
can be del i v%‘F’B@T’ net %ﬁ?ﬁ“&ﬁaﬁ?{ﬂ};%@&géh? nside and putsidgrefnan atictey Istthisi c

tori | zed | oA epomhy e S0 be SR red s pIREE! W {8 Rodesigted
evacuat ed. (eRYitolineentc alfi the autidle tadie sterilized & itéedf difftisidd-rektricted, such as a
long, narrow lumen, peroxide is introduced to the inside of the article. For articles
which are not diffusion-restricted, peroxide can be introduced anywhere into the
diffusion-restricted environment. Peroxide can be introduced either before or after
20 placing the article in the diffusion-restricted environment. The diffusion-restricted
environment containing the article to be sterilized is then placed in the chamber,
exposed to vacuum and removed as in steps 2 through 4 above.
In yet another alternative embodiment of the present invention, the article
to be sterilized is exposed to a vacuum followed by low temperature plasma for a
25 time sufficient to effect sterilization. When used in the present specification and
claims, the term "plasma" is intended to include any portion of the gas or vapor that
contains electrons, ions, free radicals, dissociated and/or excited atoms or molecules
produced as a result of an applied electric field, including any accompanying

radiation that might be produced. The applied field may cover a broad frequency

30 range; however, a radio frequency or microwaves are commonly used.



the article after placing the article in the chanber.) 10 3. The lunen is
~exposed to the vacuumfor a period of tine and at a tenperature sufficient
to effect sterilization. 4. The sterile lumen is renoved fromchanber. In

‘an alternative enbtiu steritizafont hethed b9 dhe predht NhESRIYN 'bih‘“ﬁﬂbijlgé"oufsg% with

Simlar nethod_is_used to te(‘i lize both the inside and outsi
article. |n tH¥nas;generated by.the meshed diselosed intbe previousty mentiensd &J.5 paed

is placed in ' Si Qs I, Ci i nent. ,.f the arficle to be
sterilized i s@??g'feaw ' d@ ﬁrﬁgﬁ%ﬂx'r'gzﬁarfgge%?ﬂs‘ﬁgh Rjasmas %‘ﬁ@g’e‘&léﬁ‘ - Patesh,
peroxide is iTlthd6beor SIS, nisi dehich thBeartitld (3 De EeFiliAd ia@'u&éateamc{
are notg di ffuc?‘i (ﬁ.&-r&st r.icted, roxide can be introduced anywhere 1nto 1he
di f f usion- r esSTPEXEE %A%F?R?mfeﬁ rombehe Rlagmacsvrer: i ntroduced eit her before
or after 20 pl aci et I ' ALffusion- I cted environnent.
The diffusion-restri c? g%saﬁteaﬂ?‘émeﬁ&é@h% a#%%%glj %cﬁ%h[ﬂgﬁ IE t%ar[’gr vapor
sterilized i starilizatipn sysems,nsucheas; litntthe  rapieistedightion dﬁﬁx%\éﬁeﬂ@eﬂ@%@%ﬁﬂ as
of the

[ t 2 thy 4 o et ,another alternatjve enbodi ment
:OP e:eﬁf Si nveg'?%k?@n {%gpcg%/cf?@'FgeS%PB bn?e"’?t‘ﬁ)’ ?E‘i"ﬂ‘—,‘ﬁd At lowy tespenaturesa (2) dbe use
fol l owed by lofwonheentened, otemialy Razafdowd, s@iatibhBs _%Htfi-HiE@%é”aflsé Iﬁsgas Ji{iﬁcgt@érm

sterilization. V\hga used |n the present specification an
"pl as 19 is the asaddotatacha siReCidinyesselr ta delivér stemlagnsamors \iateolorigh&arrow

contains ele e d . . |.cal s, ,di ssoci.at and/ or excited atons
or ol ecul es%'?)‘rggihscéelﬁﬂglgtég’ ?@s‘ﬂcﬁ?&’ﬂ? rﬁﬂd'é?f‘p'ﬁ%"é&gé‘c”rc%h? PEPduCtiindnuat ng
any acconpanyhegnd oftheipioess, bwtileTsohigedst Biess AR ks EEH%@&%&\?&Q}I; & eli8sdpY

cover a broad frequenc 0 range;, however, a radio frequency 0 crowaves
are comonl yeﬂge@?"e-"é éﬁ%ggtwﬂmeziaﬁndnm rBenRRPCess care ber repeatedi ay desiteh

can al so be witHbutiuh he nethod disclosed in the
previously nenti onglajdaltjf %Hegg??hgiﬁ%ﬁgaggg? élmtetsg?tn'gf’ ?’\‘}éqult,hequowobfl;dﬁé@fd
wi t h pPasnas addghlyieffmientpnonttzaridusnand Eelét%lylﬁﬁxﬁénﬁv@r%t%&&stérﬂiz‘gﬂbﬁ.h
the article to begstgr{'lized ﬂls ﬁl‘gfﬁcatEd in a 5 chanber that 1s separated
fromthe plasma solr EEC™TE fhesLHradh pintheostasiligatior smetbodr of thevpresages
over earlier imapdibn, 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.

20 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

25 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

30 of inoculated blades tested.



sterilization systens, such as, (1) the rapid sterilization of |unened
devices and diffusion restricted articles can be rapidly achieved at | ow
“tenperatures; (2) the use of concentrated, potentially hazardous,
solutions of anti-mcrobials is avoi dedyakja); 10 the need to attach a
‘'speci al vessel to deliver sterilant vapors |nto | ong, narrow lunens is
elininated; (4) no toxicEffediafdfr Cancantratih sicheak Tienasrasluct is dry at
the end of the process, steriS$porigidal Ayivity dftie®, sdslutmhes can be achi eved;
(6) closed end |unens can be sterilized;. and (7) rocess can be
repeated as desired without undue effec@"c?'h'éatfﬂﬂ ﬁfe)h'p@fz Sohdioer esent

I nventfon theref orgoakqwnges forj 15 hi ghl'y I Cci gnt, nhagar d

rel atively ipexpenstvye—rethod—of st ":?o'k' =z nﬁédz’ det &t B ne Th"‘Oé?f l ilacy
of the steri|izationlmeirhod of the p4/@sent |n4//ant|cn, m/gl im narw; esjs
were first pgertorned_to_eval uatg tne effegqt—of—drtute—hycrogdr—peroxi-de
sol utions onlcontani AdP®d surf acles i#H4an dpen,4/Aon- di f f §don |resusd ctgd

envi ronnment .| These t are describ bellow T p Exarpre Exanpte—14 To
eval uate th _;_t_g_uﬁhnn efficlacy di llute ‘ﬂf}dr ode n’éﬂom de séf4utidn
al one, a bi ol ogi cal eghalim enge coln5| s4/|4ng ch 2. 4|§4x 1F | a‘ﬁ il 1 us 4/4

st ear ot her eet—seallpe

S—omT s tartesststeel—sead -adetluas _lsed |
| nocul@t ed %

| ades W&Oemlrsubmerg d i N/BD ni| of ‘tlydrogen pmu;om gie sg)4ut|on in
a 100 m beaker. l‘lé 25 dritergnt concenqratrons of hydrogenperox-de
sol ution werle_used: '494MBo% 9% fand N/B% by weidft . The DBdes |werN/mul | dwed
to soak in the peroxide solutions for wvarious tine periods. The blrades

were then re &Y = pehdetesmingdut i on and tested for sterility. The results

of thistestlnga te ablelas ratj{o of-the nurrber
i nocul at ed bl ades&\/\,ﬁApégl %ﬁﬂp 2RUOB VAR st &ty rafter thatb éﬁi@rhaﬁé)enunber

30 of 15 nocul syakddh ades hydreges peroXideddi @ bk 0”
and Soak Tine therLIadS por i ZI dal Rgt | \I/| ty olén fox aﬁ@“fﬁ%‘ g%ncengoqaék in
es

H202 Sol uti 09, tested were sterilized after 2 hours in 6% hydrogen peroxide solutlon
It is clear from these data that contact with dilute hydrogen peroxide solution alone -

is ineffective at providing sterilization, unless extended soak times and concentrated
solutions are used.

20 Testing was next perforrned 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.

25 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.

30 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

-10-



5-Soak Time 3% 6%9%12% 1 mn 4/4 4/4 4/4 4/4 5 nin 4/4 414 4/4 4/4 30
-mn 4/4 4/4 4/4 4/4 60 mn 4/4 4/4 4/4 4/4 10 90 min ND 4/4 2/4 0/4 120
"mn ND4/4 NDND * ND- not determ ned Conplete sterilization was not

effected until.. e a had bee 15 ked. in 12% hydrogen
"per oxi de sol G{aﬁ'@%&f%‘?‘;'gﬁ "ﬁéagﬁﬁ@ "Eﬁ'ﬂﬁtdéjgmeﬁ%ﬁﬁg\f ,C'ﬁ‘o'ﬁﬁga‘ofﬂ?%g’"ﬁﬁrhﬁﬁ
tested were atentér giedealftied cin DU ,Srtnﬁ%rgp?(ﬁ.r Oﬂ'ﬁr‘pfé?(e‘é@od@iaagwéfieﬁlﬁced 't

is clear fromthese data that contact with | ute hydrogen peroxi
sol ution al onside this penterpiececand additionalilygregesrparpxideisohutionnvasadded iatsled

it _ - _ Test | next
berfor rod t o T SEASF Bibed 7 valBLY! ahRUs RoART piddfes Bt Rindiea gy,
| unens 5of a exe¢ptehatithey dit mgt receivédpedireatneert Wity dregéie petoxidd sof@br! The

exposed to h){dro en perpg;(c:ege_ sol ution gri r to exposure to a vacuum The
testing evalYAERYWE c'AcY VeRUUm SPaReRT, Reddkie ddambes wast evacuatedttooh

i nsi de the | giggn ' ' ' Ny .. 25 Exanpl e
2 A biol ogi cal c??'aq ré_tr?gateﬁeg%?srlng? ﬁg%&'ﬂéﬁaﬁbﬁ%gstﬁég%% %l’eq?%plﬁiﬁe@gg?
spor es otn afrfltlgimm_ > matei:gl%$‘t(éltp?pdnbﬁdmtebﬁ§§@d.F&mm'ngdr@@dsaaiﬁecb ha@des
were pretreated w sgl ution o uequ rogen per oxi de. er

i nocul at ed blVAgEY™ {hc?e‘gfaéﬁ&?revﬁascﬁf??‘@gniﬁ?fé@é,geﬁw reesmoveddrera the shamberent
wi t h hyodr ogeangaedd #6r steflitNETHY RlsURAWEROAs ffldwsst ed of 5 minutes of
static soaking in peroxide solution. The retreated bl ades were blotted

dry, and each bl ade was then placed insiidble2 -10 stainless steel |umen, 3
mminternal dianeter (ID) x 50 cmlength. The lunen had a center piece of

1.3 cm 1D and .5 cm Effedtdi.Préineatpreat ard HydrédendReroritdent se@mtration
on Sterilization of the Interior of Lumens

" (A) With 1% hydrogen peroxide solution and vacuum
Additional peroxide added into Blades not pretreated with Blades pretreated in peroxide
the center piece peroxide solution
20 10uL + +
' 20ul + +

30 R .

401 + +

50uL + +
25 1001 + |

150ul +

200wt

250ul

30
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Inside this center piece,
the center

-added into

" handl ed identically,

hydr ogen peroxi de sol ution was
Control bl ades were
receive pretreatment with

and addi ti onal
pi ece in various anounts.
5 except that they did not

hyd ' b U : ) laced in a vacuum chamnber,
ydrogen per qgj Wt 9 AUH%Feﬂ;rbt‘éroJiag%ﬁjru‘gg:‘ag\cﬁv

"and the chanber was evacuate

during which
appr oxi mat el
vented and t

) A% here for 15 nminutes,

-t—v-n%-(-hﬁ—b-empeha-t-u-;-@-a-n‘meas.ed fromapproxjmately 23C to
AddgionaFmrobidudddeg infx PP'S UBIfies Rbt préfeatel AU |
i ed Abt préfeatalf Wi 1%%53 rfggﬂfﬂgsfﬁe EfYX?@er

e bl athe sentsegigte r enoved from e hanber s

steril
Hydrogén Per
15 (A) Wth

added into B
center piece
25

50pL + +
per oxi de sol

pretreated wth Bl adeg,pretreat €

sol uti on
10

15

20

25

30

ty. T

e resulis were as 1 priows:

ide Cont%htration |on Sterilization offl the Interior of Lu

m Addr {1 onat  peroxi
ted in petoxide th
30pl + + 40pL +

L % hydrog,gp peroxi de solution and vacuy

s pretred

10p1 + + 20pL + 4

TOOpL + 150pC =

i on_and®bcuum Addl ti onal ed into Bl ades not

per oxi de add

i n peroxide the denter prece peroxra

100uL

150uL

200uL

250ut

(C) With 6% hydrogen peroxide solution and vacuum

Additional peroxide added into
the center piece

1041

Blades not pretreated with

Blades pretreated in peroxide
peroxide '

solution

2011
30t
40t
50ul

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.

-12-



5 '101A 20yL 30NL 40jiL 50NL 10 1 oONL 150NL 200NL 250AA 15 (O Wth
:6% hydr ogen peroxi de solution and vacuum Addi ti onal peroxi de added into

" Bl ades .not pretreated with Bl ades pretreated in peroxide the center piece
peroxide solution 10NL 20 20pl. 30pLgx4HR 50pl 25 As seen fromthese
results, sterili zat'gﬁ?qar} e effected using relatively dilute solutions
of peroxide and e>€°pb gicalchallenge aonsisting ofil 9 XMh@hB1 stearctitethBpHASs spores

applied, thegp [ t center piece qf t l'umen was vapori zed
and cont act gﬁie‘g eirgﬁsisdge, \%ﬁ%lgﬁl @ége&ﬂﬁf‘fseﬁeﬁfe% E‘f?&t’? 326%’9%4 ¢onsisteshof | t
can be seen theinoauilated blades b rdiReasdewithea sBRitlorl BFB92

ef f ect 'Bveness re-trd;?t rFr)ent is . 30 unnecessgrg%aggﬁegﬁé haYé’mSe"

but, that
t he- pefoxi depﬁqur'@%eiﬁ? Pifeatment censisted of Simainstesobitatic Stakiniglin zivé peraxidasi de
vari ous | umegoleitidRS t | 4.0 peroxi de was, . conpared with
teri 1 zati o nenganeliey B bRy Rt blansd i RehiEetd iafeihe enies piece
testing is defaistanlessstesldumpen which Laried N dizé) togeihag s 16PPo P ¥ drogen

consi sting OBeIde?dé( 53191%05’.' ﬂeegern?érh;?iagg evha|s|1l§ cSanjol{)egnd 5 cm length. Test B in

Table 3 below consisted of identically inoculated control blades which did not
10 receive pretreatment with hydrogen peroxide. Each inoculated control blade was
placed directly into the center piece of a stainless steel lumen together with 10 ul
of 3% hydrogen peroxide solution. The center piece had dimensions identical to
those in Test A. Lumens of various dimensions were used to evaluate the effect on
sterilization of lumen internal diameter and length. The lumens were placed in a
15 vacuum chamber, and the chamber was evacuated to 1 Torr for 15 minutes.
During this 15 minutes of the sterilization cycle, the temperature increased from
approximately 23°C to approximately 28°C. Following exposure to the vacuum,
the chamber was vented and the blades were removed from the chamber and tested
for sterility. The results are reported in Table 3, where "L/D Ratio" indicates the
20 ratio of length to internal diameter.
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All lumens having a L/D ratio greater than 50 which were tested under the

conditions of Test A of Example 3 were sufficiently diffusion-restricted to be

sterilized in this system. Thus, it is believed that other lumens having an L/D ratio

greater than 50 should also provide a sufficient level of diffusion-restriction for

sterilization in accordance with the present invention. This testing shows that, in

direct contrast to prior art methods, sterility through diffusion of hydrogen peroxide

vapor from inside the article to outside the article is easier to achieve in longer,

30

narrower lumens than in shorter, wider lumens. This is believed to be due to the

larger lumens allowing too much of the hydrogen peroxide vapor to diffuse out of

the inside of the lumen during the sterilization process. Thus, the vapor does not

contact the internal surfaces for a period of time sufficient or at a concentration

sufficient to effect sterilization.
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time sufficient or at a concentration
-14 As di scsuomprelsifivsiom restricted tandebpert snar-diffueiongRBtriResd ¥steny, 2RO hon-

sterilizationggf .lunens are generally limted o use on relatively short
and wide | ur?’éﬁ sior} hesgfb‘ﬁ?‘ii Iy ?’h%ébwaq*ﬁﬁeéwuw alapors inaandarbond dhhe t he
presento i Nnverdi€a is hot Rk ' bit-GL 0, . r ow, | ns

el Ut gt P i het Rslretdd by @i o Spkiingl IBhe Rt 0 Tumft Gt 18, vas

di ameter of |used hefgin, Jdiffusiororestsictedti refeshtet laey driee oalinbid wf Ghet foflowing

achi eving st aopefies! LAARE ol of ot aficiS RSl iR dhersten i einmavsteraiof thes  on
restricted anptesepemvention & fetaini 017 RBFL or FidPE h§URIgRADerdki@@lution after one
hour at 40°C and 10 torr; (2) having the same or more diffusion restriction than
15 prpvided 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
20 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; or
(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
25 accordance with the present invention. It is acknowledged that characteristics (m
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
30 restricted areas are difficult to sterilize using known methods of hydrogen peroxide

vapor sterilization, since these methods are dependent upon the diffusion of
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diffusion restricted systemis one in which the diffusion of vapors in and
-around the 10 article is not restricted by narrow openings, |ong, narrow
| umens, or the like. As wused herein, "diffusion-restricted" refers to any

one or nore ghroxite {AHdrdH olEigRhHE! %Fleﬁ@e tﬁep?ntgrg%z'nlt 'o? ﬁ(}eg];m?‘gﬁ.a { tiisﬁljé\?gai n

placed within the sterilization systemo pre

0.17 ny/ L orpenorméd tir egaluatectheximportante tof ateriiritevaponeliffiion i9HedPBeand 10
torr; (2) ha%ana&lteq? same or nore diffusion restriction than 15 provi ded by
|

a single ent t"'port of 9 mMmor less in internal dianeter and 1 cm or

greater in length; (3) having the sa re diffusion restriction than
provided by a lunmen 27 cmin Iengthnggr%inn%'iﬁheg an internal dianmeter of 3

nm (49 having t hydmgen peroxide wapor sterslizationasasrtested imbothaspedr and diffdsioy a
| umen havi ngre?trcﬁé'o ?f Ieﬂ%tch to internal .di ter. greater than 50; (5)
the ability Of & aaPY%%’T‘% pl B RN SYREM sonyHed & Mainiesnsiegh lupene havingt he
present i nvejnterdal diam&bai 6f 1/% cyndngr,emgfa,{(h%néﬂyggpg n zgerwlaqg 5?6)|CH¥I on
placed therein after one hour at 40C and 10 torr, or 6) bel ng )
suf fi ci ent | ySt@iflesssiashseatrel bladesyvere inoeratedavith $:9exi110° Be steasdthemhasisilst eel

bl ade wi thi : | t Vi n ubber stopper, with a 1
nm by 50 cm&)scf}ggrﬁ%gggbyaégg pgé);eleta lﬁﬁﬁgcgﬁerrg?%ceaqq t@e m%iﬂ@h%d‘”ﬂbr‘pﬁor
one htQir at @0E% hydbgers peraiidic solutivh. the diFRHSIdhS ioh R LbMRr plégeivsere 1.3
acknow edged that charac ics (1) and (5 wll vary depending on the

terist
initial conc®Mtithtl 6 '6Pg‘ﬁyﬂ1do§érﬁcpé9'@m%e pl aced into the article;

however, this cantThe digadbh Y, EE_._H@ b [ jenary gkill in
the art. As discussed ' ﬁéﬁ?r‘r\]ere%gic gr oiﬁ%"o?S ?ﬂ"&tranéyen i%ﬁ@gr ?I cl'agr-‘tfﬁl/liyng
di ffusi on 3ihoculated saalpel diades Sawerelpiaced Withihahe tentel pitees! 30 16MEKHE 15

dependent upTvIbRENEERTIGR: Sengical fo iose, dRertiBed BBrS. Meonklont SPabyaragen.
por ance o cxmeetdlfors il e BHUE] Bo e Tehied 10 oF il Ain T3 ahe i
4 5 Hydr ogenluserot b ceasvthgaplacesk withimaiZa ovas GGesteglassntubet20. opka tétys 20
diffusion a5 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
20 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

25 the blades removed from the lumens and tested for sterility. The results are as

follows:
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restricted systems. The open system consisted of stainless steel
3, and 6 mm and |engths of 15, 27, 40 and
bl ades were inoculated with 1.9 x 106 B.

and the bla placed in the center piece of
en peroxi de sol ution.

having internal dianeters of
50 cm Stainless steel scal pel
st ear ot her nophi | us spores,

the lunmen together with 10 NI

di nensi ons of the center )
vol ume. The diffusion restrij E'tYE’&)&%F‘s'?@'E??‘idg VaparsSterdizationn Fl GURE 1.
i nocul at ed scainp@Pep|andeRiffusioer Respticted Gysientsi n t he center

I dentically
pi eces 210 of
above.

Ten N

| umens 15 havi ng di mensions identical

pi ece were 1.3

11

10 of 3%

| umens

The

cmID 5 cmlength and 6.6 cc

to those descri bed

of 3% hydrogen 15 peroxi de solution was al so added to the

center piece[I0 of the Tpnen Io. The Tpmem I5was—thenpHacedpwithih—ay 2. 2
cmx 60 cm glasso¥stgR 20| Peiexidgmanount |vakengthy sk dima 10ne3mnd D dnéninhg¢Dopen
end was plugped with a rpbber stopper 2p 6‘!8.VI np a I X 10 citstarntess
steel tube 3D inserted through the stop V58 [ This ases entlerimg or
exiti t he pl ass, tube 2D Coblw‘\‘?- ass on| yad QﬁpuEh this L nm 2Q x 10 cm
openi ﬁg The| ope’R&Men syst1 af?fd3°(°he ' —-est-rHoted—syqtempre
pl aced insifde a vacuum ghanber. The chpndZemnals evacuated ito 3 Tory
pressure and{ held there]for 15 m nutes| dUring Wi chtrme—thettenpetatyre
i ncreased frpm _approxinhtely 23C to appr bxFfatlel y 28C.| Thet chamber+ was
t hen vented,]| and 25 the pl ades renoved fr@cg hﬁ | unens |and tesyed tor
sterility. The results e as follows: 4 _Bydrogen Per oxide Vhpor
Sterilizatioph Cs)f)en d BbfLTUﬂ [ Rest40 efed Systeng 5 _Systlem Per ox| de
amount Lengt h JEnﬂ{H CUREANTL G R S s e +6—Cper—+oN—ei—3%40-cfn -
estricted 27 cm - - .
15 Environment
15 cm - - -
%E
Under the test conditions of Example 4, sterilization was not achieved in the
shorter, wider lumens in the open system without pre-treatment with hydrogen
peroxide. Pre-treatment, and other test conditions, such as higher peroxide
20 concentration or longer treatment time, would likely allow sterilization. of the 27
cm x 3 mm lumen, which has an U/D ratio greater than 50. In the diffusion
restricted system, the blades were sterilized in all sizes of lumens, using a 3%
hydrogen peroxide solution.
These results indicate that providing a source of hydrogen peroxide within
25 a diffusion restricted environment allows for complete sterilization within the
system. It is the restriction of vapor diffusion in the system, not the length or
internal 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
30 present invention is effective even on non-diffusion-restricted articles when placed

into a diffusion-restricted environment.
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27cm- + + 15 cm- + + 50 cm- - Diffusion 10NL of 3% 40 cm- - -
~Restricted 27 cm- - - 15 Environnent 15 cm- - - Under the test conditions
of Exanple 4, sterilization was not achieved in the shorter, vvi der | unens

in the open syst eo\iithertbstthe idéLMalPabtritid M@Qﬁ?gﬁon B L9, '8 sgstem

Pre-treatment, and other test conditions, suc peroxi

concent r at i offfests therabilityitestaritizetthe isystempthe tbllavwkieg expériraantowas beidmhépn of
the 27 cmx 3 mmlunmen, which has an éD ratlio greater than 50. In the
diffusion restricted system the bla sterilized in all sizes of

| umens, using a 3fostdiglbsoges sealpeX bifiesS vis ;SchedTWﬁﬁ%E 2'l:¥nsx 'G%dérﬁ%ﬁ% t hat
providing a s rce f hygégen peroxi de w thi fu3|on res fed

envi r chnent W psedat onerend, 2a!||lt§tfaWdtlh|FlGURE 2. fachdoladd § had t he

restriction v n, not he | en i nt er nal
di aneter of ?é\eé’ I urre#\ﬂ%éewg{e??hgt geter}r/ﬁ%ﬁ%@ef'ﬂgp’é U4 stpé)('f?/sg F°E rRMByRfrthgen
per oxi de vaptestirsg, ¢he glazatutxenzo Agalléft openay ehe ehﬁeﬁt%vﬂﬂﬁ af HpEnld ?t% upli ke
the prior art_net en per oxi de vapor sterl Fzation of I unens,

the nmethod of eg¥e? gg‘ﬂﬁf%@% ERYirenmest, dhe Open eadeafcthecglass tube 20 was
non- di f f usi ojealeeBivithCi ﬁ%lﬂ!rtstd‘ﬂﬂ%? Wﬁﬁ‘\gggaac?qnﬂ 49 @rndét%HFs' OnﬁLﬁa} ? ted

envi ronnent . -17 To further test the that restricti si on

of valfdr in threygh ﬁmcea\‘er.ednd)athethatobert ynd olifftsion Pes&@cté@%yﬁéﬁgeﬁw €n
erfor med 5_A stai.nl ess steel scalpel

" R i S s ARG 28 S oo
e T et o) 100 ToO SRR bl vl
The tube 20 was placed in a vacuum chamber, and the chamber evacuated to
1 Torr for 15 minutes, during which time the temperature increased from
15 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.

20 ' Table 5

Hydrogen Peroxide Vapor Sterilization in
Open and Diffusion Restricted Systems

25 ~ Open System, 15 minutes vacuum at 1 Torr:
50 pL 100 pyb 150 ulL 200 pL
3% peroxide + + + +
6% peroxide + T+ + +
30 Diffusion Restricted System, 15 minutes vacuum at 1 Torr:
50 uL 100 pL 150 uL 200 uL
3% peroxide + - - .
6% peroxide - - - -
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testing, the glass tube 20 was |eft open at one end, providing an open
‘system To create a diffusion restricted environment, the open end of the
" glass tube 20 was sealed with a rubber stopper 25 having a 1 nmx 10 cm

stainl ess st diffusloneR@Mrid@d Sysenging iRyt Bt Roidh.t he open and

diffusion restricted systens hydrogenrTperoxtde—sploit-onr—at—ma

- concentration of ei ther 3% ol 6% 0w adfed100 uthe gI as50 gLubg 2000 yaMOYNt S
of 50, 100, 15 95 200 NI, tggether wip the I nocurated prad 5——'Fl|l'rrt- ibe
20 was pl acec % BEIOXIAE chdnber -~ and | he chamber| evacoated fto 1- Torr |for

15 m nut es, durlﬂg which time the terrperature I ncreased from 15

oy e c1Y 23 HRBPRAR Bl Shy 5 difApLbycaars R toeian: Wlawed

t enper at ur e bynexpmsﬂ&dtd wammpprsqneﬁm.ebyozs&.wingnabmtaﬁﬁfdtabn% Gn & En
np

vacuum chanber qtehen vent ed, and the bl ades 5 renoved fromthe tu

and tested féVStngH ntical treatmenpkin g diffusion restsicted ﬁYﬁtelTaBJ)eCG'nba;hm r@OIts
Tabl e 5 "'yerHeébrﬁ’ﬁE@(kQﬁhYEtﬁ’&{ é&s&lgt' Rty vaake‘;P ?é‘rﬁ 31[3'8 é#s%ﬁeg%om

Restricted Systens m nut es vacuu

150NL 200NL p@%)pdecnqlxmon i an amadiftt pérendy A0 i+ Stetiliz3flo®idahUbé @ffected,
Restrl ted Syste m nutes vacuumat 1 Torr: 50 NL 100 NL 150 NL 200 NL
3% perdxi de fOWever, A%?W%é‘e eXPOsrertadhe YapedMr i ct ed System 30 ni nutes

vacuum at 1 Torr: ﬁQJsPlthéQQeiP\'edlép tFN.L nt Qﬁverﬁ%rp%ﬂéﬂeﬂ? sma]lf S%Pgagdof

results show that the addition of drogen peroxi dé so
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 doe_s not
depend on the diffusion of sterilant vapor into the article being sterilized. Rather,
15 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,
20 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
25 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.
- 30
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by exposure to vacuum is ineffective for achieving rapid sterilization in
an open system ldentical treatnment in a diffusion restricted system by
~conparison, results in conplete sterilization, except at the very weakest
~concentration of hydrogen peroxide s XLAH'Q in an anount of only 50 NI.
Sterilizati'on can be effected, 10 ho%ever&gy, I ncreasi ng the exposure to
the vacuum Thus,Atstainkess steel sthipeh®lgplecs ovis placeRNwitAih a YR kR )E‘G@’liﬁ%lgtlass
ticleto be

amount s of ragen. per oxi de gsolution are .delivered to the ar

sterilized 59?5%#3’? B’p"‘gkb@% &E‘b“ea Gt Qne £09u s shawn in HELRE 2.c Each hladleds had
sterilizati ideeniReciatddoWit I8P xNPHs cgg%g | ffusi-on of steril ant
vapor into then.a'rtf‘::l e be%tﬁge%'g(eg?lq'ze .Bﬁgﬁﬁglr)}’?ﬁti%p{)&éés.h a‘%@%r‘?%&?ﬁ??de
vapor 1s cr dgstEgtegienvieonmeniuthevipeni end dfthe ghtse tbeT20 vas yaded with PFEAt ed
fromleavin Syst, to ui ckly,. because the diffusion of the
sterilant v%ﬁ%r%fn'}%&]é"& %sﬂ&%’_"o“ 1t0nEma_Ft?!’€?5é HepltiHBecift Hhrauslfitst eanter,
articie is shphogen pefoxidd soltioh @t af GHceh@itRsh 814! WAUEHded tdhe !Bt be

therefore caontacts the article to be sterilized tor a period of
sufficient t4® B pEYQUNEHAHPO: 0@t 50 or 200 mh togetherwithi the, ind€ulatedi tladé Ise
prior art netHods rvd roxide solution i s vaporized
first and becones a g}r%? (Ebfce?ﬁ;‘t ‘édcgé‘hﬂg?agﬁ?%na ‘?SP*HSC‘S g afeuUYy RERSPUres he

met ho of  tfoe 1hrraBeites, idmiengtwt»imhrt&ﬁ@‘ﬂ&@tért?}ﬁérﬂ@ﬁr@ﬁniré&%tf% %}SET’ fa{erlzt ’
t he hydrogen peroxi de vapor renaining e system

t her eby con:‘?ﬁ&rgt at i ng 51 g )
More i nport |C;$° PRAPfXIMatel: 281 - i IRV furthes exprement taidetermirte thepeffect of f r om
the inside f ' Uts ipside as in the prior art.
ho o rosul t ey KPR o WRE sYReRY 1AL Bibd 2008 5L Rene e 43R i
i ncrease t heubjectast tos60 dosr pfessitreforl 13 atinotess AtheerestilbawelOasBabaase the
effectiveness, as in the prior art. To dEIerm' ne the effect of various
pressyres on a diffusion restricted st zation system the follow ng
experi-ment was p%rﬁr orrrgd. 30 -19 Exam 2l e 6 A stainless steel scal pel bl ade
5 was placed wi t fifi§choTempearature@ngritrgssuse ontaiBiffiorRestlicted Systeased at  one
end, as shown in FIGURE 2. Each bl ade 5 had '

_ 15 minutes vacuum with 3% hydrogen peroxide solution:

50 uL 100 pL 150 uL 200 pL
20 1 torr pressure + - - -
5 torr pressure - - - .
10 torr pressure - - - -
15 torr pressure - - - -
20 torr pressure - - - -
25 25 torr pressure - - - -
30 torr pressure + + + +
35 torr pressure + + + +
40 torr pressure + + + +
45 torr pressure + + + +
30 50 torr pressure + + + +




been inoculated with 1.9 x 106 B. stearothernophilus spores. To create a
-diffusion 5 restricted environnent, the open end of the glass tube 20 was
“sealed with a rubber stopper 25 having a 1 mm x 10 cm stainl ess ffteel ]'Eugoe/
30 through i 15 &@tUtéd vacudrd WagE o i ' a concentration o 0
was addeg to ?he gl ass tube %3‘#2#%@?%&?&%9{‘1%; 1500200 pl
together with the inoculated blade 5 SEhthubew@,m/as pistad iIn 2@ovacupm
chanber, andfsubjecied To varrous pressures 1o for 5 mmutes—dur-+ag—wni ch
tinme the tenperaturt IHCPEESSHE from hpproxi ely- 23¢ to apprdxi nately

28C. In a further experinment to determne the effect of mczggséea ]
tenperature on th he be 20 was first heated to. 450C, then
sugjp ec'i5 ed to 50 Tgp ?y%?ggstﬁogv ftb)%& %%"Bﬁﬁlﬂ"ega." %ﬁeaq%é"s‘i?s% 3 _Wéflué'oa‘sf[eﬁ?ﬁlcmﬂ/\/s.
Table 6 15 EhiizchmentsBepras@esup taRBobY 256frat 2808, Wit biisil oR88LHELE
System 15 m nytes v guumth S?A) hydr ogen per oxi de solfputl%n: ogg /'R 1%5ng

t 1 H . -
150pL 200 1Ahighgristerilizatigpawas pat achieved; this tsrheligved taibe due o the fal:DtHSaOtZHSe
ressure - - .,zna r (SHp-S - arr ressure - - -
F orr pressur aapor &ésaﬁé@ f?{ 8@? %rn eps%rﬁ?"e&eftﬂ% d+ls '%'F?a?ﬂw 8T J%Ii-‘srrah

40 torr presdigher-pressures, the liquid hydregedn detoxide ihside G} §IRES WSS P! ﬁo{ +
+ + -@0 15 m nutes va'%uumvm'th 3% hydr ogen peroxide at 45C. 50NL 100/ p

150NL 'Z0ONL VaPorizing.
wherein sterilization was achieved. The vapor pressure of hydrogen peroxide is

is was confirmed by the testing done at 50 Torr pressure at 45°C,

increased at 45°C, thus, the hydrogen peroxide was vaporized at 50 Torr,
effectively sterilizing the blade placed inside the tube.
Accordingly, in order to achieve sterilization using the method of the present
15 invention, the temperature and pressure within the vacuum chamber should be
such that vaporization of the aqueous hydrogen peroxide solution is achieved, i.e.
the system should preferably be operated below the vapor pressure of the hydrogen
peroxide. The pressure needs to be below the vapor pressure of hydrogen
peroxide, such that the hydrogen peroxide solution present in the system is
20 vaporized and diffuses from the interior of the diffusion restricted environment to
the outside. Alternatively, the hydrogen peroxide can 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
25 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
30 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
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50 torr pressure - - - 5 These data show that sterilization can be
~achieved in diffusion restricted environnents at pressures up to about 25
Torr at 28C. At pressures of 30 Torr and higher, sterilization was not
achi eved; thitapper | hengg at P @ JUD bR tlAFIEac h t r.. pressure
of hydrogen peroxi de at %C i s approxi mat ef:nya%Bh?%'r rm.b%-?@s‘!‘%i’% 't fﬁfﬁ?"
pressures, th¥dregeniRerayidesghniopat axdateentratior of Be waseded e theglaRabd 0

vapori zi ng. i onfd th esting done at 50 Torr pressure at

150 whor ei 2047 ARG 30, TR P b Z0QT tonstheraeh s isosuitecade i sben

peroxi de is tubec?Gamepladed4nG viduum chiifibly AnAARe dPahih ir@@aﬁﬂﬁid’ @09 Tored at
e tube:

50 To(rjg, ef{_ect ively sterilizing the blade placed iInside t
Accor d? ngl y, T9 Va5 dbe Rressurenwithin she:chamber,i the valvedotthe vaetiond pafnpt Ras

present 15 |} td QR, t > and pressure wthi he vacuum
chamber shou I§¥<§d‘; gugﬂctng{]ﬁlgt&\g%g%?wﬁ? glae 5839‘??8' é‘ﬁﬁ?\é\%ﬁg‘ Eyfd’i’ bieh-19ef @i de
sol ution is afedrildvmihutes, @uringvehisly inrnthehembdratorf ineabed H6m r@%iﬁﬂ Jf? ow
t he vapor p;giosere of the hgidrogen per oxi de. The pressure needs to f)e

r

bel ow t he v 1P APRPEMHely 28 Ggeln apreconrd dest, the tuhe20 waseplaged dyahe
i d | K4 ' ' hzed and. diff f
per oxi de so éﬁaln%rmmﬂetchh&btemé¥§£&I£&dé<£t0290 ﬁpﬁrt%{tgma;{‘%aéumfgﬁes fom

the interior of the diffusion restricted environnen gglass

Al 't er Hat i vel tubet2Qewhy ifrasepsed per6XCaétectire damcuanon of tk EHaeabdr vV @ifblefeh®
system r enai ove.t he vapor pressure by [ptrodycing energy to the site
of the peroﬁ%ggbesgghwﬁsstrfeﬁ%ﬁg'h?ii’ew&\'ﬁveiger'ﬁEHLiG these tests arerreportedtr gy
sources. To belotwher determ ne the effect of varying the pressure and the
tenperature 25 in the diffusion restricted system described in Exanple 6,
the foll owing experiments were perforfable Exanpl e .7 A stainless steel

scal pel blade 5 was placed within a 2.2 cmx 60 cmglass tube 20 which was
closetb at one end, as il |Effetr oft ¥atying TerpEiature dnachrebdpélon> had 30 been

i noculated with 1.9 x 106 BDiffusinr RESNGEER BhérilifatioRCly’fem 10 Create a
diffusion restricted environnent, the open end of the glass tube 20 was

seal ed W th Prefsilp®®icreaséd from 5 Torr to 6.15 Torr:

20 50 uL 100 L 150 puL 200 uL
Efficacy Results - - - '

Temperature of the tube increased to 45°C:

25 50 ul 100 ul 150 ub 200 L
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

30 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
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stopper 25 having a 1 nmx 10 cm stainless steel tube 30 through its
.~center. Hydrogen peroxide solution at a concentration of 3% was added to
the glass tube 20 in anpbunts of 50, 100, 150 or 200 pl together with the

i nocul at ed blozdgord of the delivess 3P th@hy@ioges perdxide VATHHMHeNGRRSH i
‘chanber evacuated to 5 Torr. 5 To va?'y o?hecbpr essure W m n ?@Sogh%%'ér%aet he
val ve to t he®RMENMEBunp was closed, such that the pressure within the
chanber rose from5 Torr to 6.15 Torr 15 m nutes, during which tine
the tenperature increased from appr oxiE f"]i%a 23C to approximately 28C. 1In

a second test, thA stabdes3Ostaeb sphipebdlade thavasc ivstdatedndithhq ghamigs gas
evacuated to 50 Torr. The tenperat %rﬁ of the glass 10 tube 20 was i ncreased
ch&

to 45Caft er“?‘?fé’_"&ﬁfﬁ'@ﬁ’ lug spgfes, 130 nblade aBlasedinethe. centere piegbel @0f was
treated for fiandd N5GaEMuslidted FSEICHIRE. tﬁ%ﬁﬁn’%ﬁ?itoﬁs af ?ner{]ggr%g% s%&egﬁl were

Table 7 15 Effect of Varying Tenperature a ressure o
Restricted Sl&rémilPati on lepgtheand Brécss volame) eviibsthe funesn RselPVariddirPsids

Torr: 20 50 pL .100 0 N 200 NL_ Effi Results - - - - T t
of the tube FRinEaall afeh e 63amsgnd a1ensi of 48k obopt SOmm: Theyumen i o -

- - - These waspldced Withih AR dRiXB@ERI ghihs P! FRE tHE 38U S Qbsed at one
tenperature is not required in the diffusion restricted environnent to

ef f eciOst eri end.anddhe opeaeand was pBEgedivdth a outzber stipper 26Heavingla dgem x 10

peroxide is POL: | inc act, wth the _device to be sterilized
for a tinme s% & %b'éeg{j“?gpté@g%q p@‘&ﬁﬁ?é@é‘gémﬁ ?‘PPQS’E ?gnwhﬂﬁeg‘i‘ﬁéf SHLET B Qrhe
present i nveexiting theeglasstube 201eouldl pase biilyahrdughtthf 1 hM-FI@W'&nPSR@ﬁ‘iB € 110
the article to Pe stgi lized prior to vacuumor plasma treatment. The
fol | owi ng t ¥t Ph % R¥dregen Merexide solution wasplaced inside the himemd 5, 02200
of 3% hydrogen peroxide solution was placed inside the glass tube 20, but outside
15 the stainless steel lumen 15. The glass tube 20 was then placed in a vacuum

chamber, which was sealed and evacuated to 1 Torr for 15 minutes, during which

time the temperature increased from approximately 23°C to approximately 28°C.

Results of this testing are as follows.
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| ocation of the delivery of the hydrogen peroxide within the diffusion
‘restricted environnment. Exanple 8 A stainless steel scal pel blade 5. was
i noculated with 1.9 x 106 B. 5 stearothernophilus spores, and the blade 5
pl aced in the center piece 10 of a Iuwb}ggas illustrated in FI GURE 1.
The di mensi ons of the center piece 10 .3 cmlID, 5 cmlength and 6.6

cc volunme, while the |unen itggl ied in size, having an ID of 1, 3 or
6 mm and a | ength of 15, 27,&‘?%6I 8¥ §reggn Rerexidersalution was pl aced within

a 2.2 x 60 cm gl ass tube 20. NAeed (Biside Inper lamered at one 10 end, and
t he opén end‘EAAa.s_pJ_ug,g_e_dJM_Lh a_rubber stopper 25 having a 1 mmx 10 cm
stainless stegel tu t hrough t he, st ppper Z5°T TNUS, _ggses enteti ng
or exiting the—e E’z"o’?ﬂ@éﬁ‘%ﬁq‘mm d badength tﬁPB’u@h t B 10h 2mno IBm
opening. 10 [N of 3% hydrogen per ox dq-,(jse,but on was pl aced ingide the
| umen 15, or 100 NI of 3% hydrogen peroxde—polutionjuwas placdd |nsjdelthe
gl ass tube 29, but 01’(5?1[%’3]"@ the st fi MOesm sfeel -lumgn 15, Theg gl ass t ube
20 wagqqt hen pl aced iniﬁawum chanper__ W T[T Was sSegtet—att—gvacuatad| t 0
1 Torr for 1b minutes, during which |ti%feC®he| t enperatfure i ncrgased from

approximatel y 23C to approxi mately 23C.15 sufts of tHis testing are
fol |l ows. - 23Fabte—8—H+eet—of—Hydrof roxy de Sol ytli on - Pl aged Cutsi fle

I nner Lunmen b Peroxide anount Length|1sgehD Bnm LD 6rm I D 50|cm 10pLof 3%
40 cm- - - flO in lunen 27 cm 15 cm po—cm+—+— +

100uL of 3% 40 cm +
in glass tube 27 cm 4

+

-+

+

+ |+ |+

15 cm +

15

These data show that, under the test conditions of Example 8, sterilization

did not occur within the inner lumen when the hydrogen peroxide solution was

placed outside the lumen in a diffusion restricted environment, but that complete
sterilization was effected when the hydrogen peroxide solution was placed inside

20 all of the lumens in a diffusion restricted environment. When the hydrogen
peroxide vapor must diffuse from outisde to inside, the sterilant vapor cannot enter

the inner lumen in a diffusion restricted environment unless the lumen s
sufficiently large. Thus, when the hydrogen peroxide solution was placed outside

the lumen, only the shortest, widest lumens allowed sufficient vapor penetration to

25 allow sterilization inside the lumen. These data confirm that prior art methods
which require diffusion of sterilant vapor from outside the article to the interior

article cannot achieve sterilization in diffusion restricted environments under these
conditions. In contrast, under the same conditions except where the hydrogen
peroxide was placed inside the article, allowing hydrogen peroxide to diffuse from

30 inside to outside, complete sterilization occurred with much lower amounts of

hydrogen peroxide.



J1O00ONL of 3 %40 cm+ + + in glass tube 27 cm+ + + 15 15 cm+ + - These
data show that, under the test conditions of Exanple 8, sterilization did
not occur within the inner |unen when the hydrogen peroxi de sol ution was

pl aced outside thqheUmethddofthl bfdshOihveRtibhiistt g t
conplete sterilization was effe(E:)t ed when the 'hyﬁgrgg(gé %%Iﬂg‘)?iﬁd%m}s?%lﬁ%ﬂ?l’l

was pl aced i Mehere diffusion obthe: sterilpateanoriis limittid: f Tis ieval uatestheieffeetdof changes

i -, . .0xj de . . di ff. f i sd
e de. the 41 S pREnaRiAUGRn [BRHEOL R ARE 9 iiSho FenmisiSF kb enk sy

restricted efoliowingaestingwas petfbenédinen is sufficiently |arge. Thus, when
t he hydrogen peroxi de solution was placed outside the lunen, only the
shortest, widest |unens allowed sufficEx@mples®or penetration to 25 allow
sterilization insigdediR P acconfi lor. art hpds
whi ch require diffusi c;n%é)%‘ ngé;r?cgg%?et\’/gg%rsf%%n @ﬁcéﬁg%d B’k' h a1r' i & g%t oBt he
interior ar stearethesmophiluscipares; aid:plddedain an2.2ncmli & f6G ican glRs ttube 126das
envi ronment s under th difions._ln contrgst, under the sane
condi tions el ‘Eﬁ?‘%‘é‘féw&yiﬁﬁ% 2%%%?%63\/9&9"5@56@@4%%@%% was
article, all ppigyadwin @qaabaeit%aezi Oos@irfIEdiSked| rtemngf?sd aﬁ\bﬂﬁug‘air%ﬁs%#se’
conplete sterilization occurred with nmuch ['ower anouits of ydrogen
per oxil@e. - 2avaptipsertad-tbrough thestqppes @At Thusegases entesingrmrexitingthesstdssitubien
envi ronnment s ,whern i ffyusi;on of the sterilant vapor_.is, limted. To
eval uate t hezgf‘?oé'ﬁ pg?s %’ﬂéﬁ'&(é’é‘gi‘ the ?R%mﬁﬁdﬁ?he 6'\[{"'5)5 5911‘@’?‘5?:‘ Yaé'@grff‘?ﬁ‘ il gAM
within a diftelss ohmr Rfidiariéeel EThreé Qereait, hidrdgeh PerOXTdBIdI G & \)e;ﬂfm
performed. 5 ExamIn e_9 A stainl ess steel anFi;e)el% BI ade 5 ‘3‘2‘;3" i'nrgocu ated
with 1.9 x 109808 from aPgtlHer 2Rbmt Mas alsoplased dnsdetheglass tube 2. 2Theglasss0
o At o Tuls0283ad e PR 4 Dbl Srafrivel ihlcHOGad QealEF afid Bisctiafl "
15 to 5 Torr for 15 minutes, during which time the temperature increased from

approximately 23°C to approximately 28°C. In addition, three lumens were tested
at 10 Torr for 15 minutes with 3% hydrogen peroxide. The results of this testing
are listed below in Table 9.
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pl'ugged with a rubber stopper 25. Stainless steel tubing 30 of various

di mensions 10 was inserted through the stopper 25. Thus, gases entering or
exiti-ng the glass tube 20 could pass only through the opening in the

tubing 30, which varied from1l nm to igh di aneter. Three percent

hydr ogen pe€roxi de sol ution in vol unes 6\:La@:ﬁ:rﬁ'ﬁng fromb50 pL to 200 pL was

al so placed inside the glass tube 20 _The glass _tube 20 was then placed in

a vacuum chanber, which was Sed ects ofnfubigg Limessionand, 5 Torr for 15

m nut es, .during which tine the Q%ﬁb?éﬂsm@ ametestizatipri r om approxi matel y

23C t05apprOX| mately 28C. In addition, three l'unens were tested at 10 Torr

for 15 minutes vmlh n@%lrgsdraggsmgiesamrdmth% hydegensperbxidei s testing are

|isted beloW In Ef fect.s_of. Tupin TENST O armd—VvYacuum
Pressure on |Sterj E{'T%n 5 15 Wﬂ-ut eq vadOAMh at %éﬁrﬂlwim 3208 y4ir ogen

per oxi de SS tubm,gn§old\g,9100 /iL 150 Nd 200 NL 1|{MMx 10cmy¢ - - 1 nmmxX
5Cm = = = = = =B v = . | ZASERE —Sn—A~au ) QM. V 1nf‘I’YL - an X L_\r\m '. - — =
3nmm X 2',5cm+-1mm>66ﬂm< 10cm 15-6mm § 5cm+ 6nm{x 2. 3cm + - -.15

m nutes vacyumrat 10 _Torr Wit 3% Mydrguem peroxi —56—N—24 1
mm x Wsem - Tmm x 2.5cm + - - -

3mm x 10cm - - - -

3mm x 5cm - - - -

3mm x 2.5cm + - - -

6mm x 10cm - /- - -

15 émm x 5cm + - - -

6mm x 2.5cm + - - -

15 minutes vacuum at 10 Torr with 3% hydrogen peroxide
SS tubing 50 ul

20 Tmm x 2.5cm -

3mm x 2.5cm -

6mm x 2.5cm -

Complete sterilization was achieved in the majority of the environments
25  tested. Sterilization could not be achieved at 5 torr using the shortest length of
stainless steel tubing and only 50 ul hydrogen peroxide solution. Greater volumes
of hydrogen peroxide must be used in these systems.
These data also confirm that the vacuum pressure affects sterilization
efficacy, since the container with the shortest and widest exit tube could provide
30 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,
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3mm x 2.5cm 6mmx 2.5cm - J Conplete sterilization was achieved in the
.‘majority of the environnents 25 tested. Sterilization could not be
achieved at 5 torr using the shortest length of stainless steel tubing and

st b used TR T <R hiFeRhl By o T0ieshhalPERe, Appl PSR

pressure af f awntacstthe iihteriok iafntheetiévicaay, effédtaterflizatie@nt Ri welldMapPeirhhat
shortest and w dest exit tube could provide 30 sterilization at 10 Torr,
but not at 5 3THPUBNAR PERSSYTBWODr &s QA eRIQUilees agseplables resyltspep oprrassurer of i n

the conditi or%g}@hﬁ,ﬁ%mh@wph bé&erf t erﬂ?ﬁ %?@iggﬁgteg%g( ogen peroxide

vapor is pull einterior o elng Sterilized too
qui ckl 5  -26 resulhe methad af the puédent iieventimmobast bedn klycwagenbe asfextive in
vapor being of, the device to effect

al.l.owed to . cqntact the interio
sterilizati orfJ.'#fﬁ‘i'OMG?tHd&ap%’h‘?'qm?ms At WS@E}I‘?“Q %Jf’%ssﬁPee‘(ﬂ‘luﬁet‘th"'ﬁf deeices

accept abl e r afaelhod is dffEERESIHT diffafionaBRFieted @Hviton Y ' r
t he conditions testlséd. 5 Th|e met hlgg of 't he presewitsn@gﬁﬁo%riqﬁgéﬁ@gﬁgs own

to be effectithe experimientsidasonibeckin Examples dandohhmere pefforreed and gl ass.

To eval uate whether the nethod is effggtl] diffusion restricted
environnents forned of other materi al S,E)?a I 1Idqperi ments described in

Exanpl#s 10 and 1lFoteths pefifgr aediffusisAnieswicled $tdnoiwidieitddesti.fox f0¢ B,
diffusion restricted sygtem was tested. 1.2 x 106 B. stearothernophilus

spores were isterrathermapaivospeses wetainos|ajest eniginenaveyesceelypropylend piecesat ed
in FI GURE 1, j l.at ic€ i S . pece
[y LT, 1, ADRy g i R he i S § U4 5B e g
sol uti on. ThepieentlOrofpa quastitOlunsen B eogdthdredvithn10 ahbf IB2d kiydregen pesoxife 1. 3
cm15 x 5 cm The | Lﬁé‘ 15 varied froml nntﬁgﬂf?_mnig nd 15 cmto 50 cm
in length. TOYUAM- ceerPire? 10asimade P Nk %‘f]_al@%'%dubécﬂﬂ' or
the 3 1gm and; § &) 'HERimek5!v4RA fiom"Asnrh s RIAIES a1 Bmftc?s8 Gk 60
length. Teflon™ was used for the 1 mm lumen, polyethylene was used for the 3 '
mm and 6 mm lumen. The lumen 15 was then placed within a 2.2 cm x 60 cm
glass tube 20. The glass tube 20 was closed on one end, and the open end was
sealed with a rubber stopper 25 having a 1 mm x 10 cm piece of PTFE tubing 30
20 through it. The glass tube 20 was placed in the vacuum chamber and treated for
15 minutes at 1 Torr, during which time the temperature increased from
approximately 23°C to approximately 28°C. The results of this testing are set forth
below. '
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gl'ass tube 20. The glass tube 20 was closed on one end, and the open end

“was seal ed
tubi ng 30 20
‘and treated

with a rubber
through it.
for 15 m nutes

st opper

at 1 Torr,

I ncreased from approximtely 23C to a

testing are

Restricted Systems 5 Usi n%“%fl%é{?
Di ffusi

3nn1ID56mﬂI
27 cm -
can be effec
regardl ess o
Thus, the ne
met hod for d
variety of s
configg this
st ai nl ess st
i nocul ated o
bl ades 5 or

)'
60 cm gl ass tube 20 together with 50 NI
end of t he tthzellmaﬁonl|ﬁsdaéfusnaﬁd'e§th%te@p&'i‘vl%mn¥\ﬁ§ ca

One
st opper
or almnx

set forth bel

D 50 cm -

B cm -

Ster

iIizat|0n|

e
§°e?e= ,
'"_s l3stic bomens - -

25 having a 1 mmx 10 cm pi ece of PTFE
The gl ass tube 20 was placed in the vacuum chanber

which time the tenperature
tely 28C. The results of this
I’j| t|on|n Di ffusion
)é%‘tm% Length 1 nmID
10 Restricted System
n diffusion restricted environnments

o P\‘\%sg&el u

[ T K e

hod of the pre
ffusion restri

ich Toiffugions. '
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R ||
Sl @mag ef fectli ve stel
t403t:|m corri:)esi ti

egar qlyg of
5t ear ot her
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o
U
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DAL r\n

o= Woverr—otyH

ei.t her

g

@e'gmseéae%
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mm X 10 c
long, parrow

during which tinme the tenperatu
effective sterilization method for diffusion restricted articles, and can. be used on a

wide variety of such articles, regardless of their composition.

20

25

9 LR

erde tfxé eat

ilizatio
on. .To f urt her
phl_' us pores Wy -tH—-ert-e
44 €3 dt hernophi | us spéres - 20 here
n I n Fl
re plac p a 2.2 ¢m X
of 3% hydr ogen peroxi de sol ution.
Pﬂmnﬁgesardtlmpéwineth‘ﬁnmegilaﬂsalisﬁbe 20
c(>)frt15 m nutes at 5 Torr,

I | TTO e
As shoy SORE 2, The
bd i Nsi d
ber
m st ai nl ess st eeﬁ tube tﬁeb‘g%
he present invention is an

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, ora 1 mm x 10 em
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.

-28-




I ncreased from approxi mately 23C to approximately 28C. The results are as

follows. -28 Table 106 Effect of Metal and Plastic on Sterilization in a
Diffusion Restricted System 5 SS tubing Teflon tubing Metal blade - -

Pol ypropyl ene - 10 Thus, all four co%&ns of netal and plastic

"provide for effective hydrogen peroxi r sterilization in a diffusion
restricted environnent. Thkg tqe}sti ng car}fi rs that the nethod of the
present invention is an ef FEEFQfdMetaban ii%f’f'_Fcﬂﬁ‘ WElIERHPR or di f f usi on
restricted articles, and can b® 3 8itlusien Resirigted Systemy of such articles,
regard ess of the materials used to formthem 15 Further testing was next
performed to eval uate the efflect ﬁegﬁrl ous| t erat yres apd pressures on

the sterilization of a diffudion R&t ed]sysHSHOP WRIOB ¢ okting is

descri bed bdl ow. ﬂrmé&,r 11 $tainl ess steel |blades were inofulated with 2.1

x 106 B. st daretherropht-tus—t20—spores—Fthetblades—b—were—p1 aced inside a

2.2 cmx 60 |cm gbbpsopyléwee 20 |as illustrateqi in FIGJRE 2, along with

vari ous anoumts o3k NydrOgem peroxrae soft uttom. T1he grass tube 20 was

pl aced in a vacuum chanber and subjected to different pressures and

di ff et@nt t enper alhwsesalt deur, gpmbinatinnsi etinesal @apdeplasiic i prgvidenfor effective

35 appr oxi b lryEsSRelGRE bivor derlBaBahty g dif R AR eRl BEMBRE T O
reported in tedting Corfitnds, thatithe elieahbe bf spriaserit énventionfip an effeativel sterfi@tiohn an

alternative enbodjnent, rather than heating the chanber, the tenperature
of the per oxmgthods 'dﬂ'%‘b‘n*m festriqted artigles, aad<an be ysedipn awideivatiatyofrsughr t ed

in Table 11 Qticfe@,eregardless of the materials used to form them.

15 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 below.

Example 11

Stainless steel blades were inoculated with 2.1 x 10° B. stearothermophilus
20 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
25 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 temperatﬁre 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

30 15 minute period of exposure to vacuum.
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tenperature increased from approximately 23C to approxi mately 28C during
“the 30 15 mnute period of exposure to vacuum -29 T?]E)I e 11 é Effgct Sf

" Time and Vol une of Peroxide on Sterilization in a Diffusion Restricte
Environment 5 At 5 Torr pressure: 5 m—ﬁb-g-lld—’\mlr a] 3 15 mi 200 (Epp][og(.)/ 240)
approx. 26C) (approx. 28C) . 50 pL of 3% peroxide - - pL of 3%

E)elrogxi de - -)-(18p150 pL of?ffg% T'@?@g@d)ﬁdumezﬂ(?epmmdé 08% per oxi de + - -

Table 11 B 15 Effect of ferhzation icrmPiffusiare Restriatedr Envaroshméntume of  Per.oxi de

on Stérilization in a Diffusion Restricted Envi ronnent Chanber at _

appr oxi mat el At46Torr pressure: 20 150 pL of 3% peroxide - 200 pL of 3% peroxide

Table 11 C 2p Effect of Pressui’)E and Vot omeof—FPer-oxt-ege—gi—Ster--=zatqd on

in a Diffusipn Restricted EnvirpnneAtmingth |15 iOhanires  eyposursendin.me: B0
Approx. 28C [L torr 5 torr 10 t oy fAPPPoX.[24°6) |3Gppeno2i6d€) N @pprox. 3Boph bf 3%

peroxide + - '5(9‘290?5°Efpe|3£{?i8§r0)“ de - - . A

100 uL of 3% peroxide - - -

10 150 ul of 3% peroxide + - -
200 pL of 3% peroxide + - -
Table 11B
15 Effect of Elevated Chamber Temperature and Volume of Peroxide on

Sterilization in a Diffusion Restricted Environment

Chamber at approximately 45°C:

5 min.
20 150 pyL of 3% peroxide -
200 plL of 3% peroxide -
Table 11C
25 | Effect of Pressure and Volume of Peroxide on

Sterilization in a Diffusion Restricted Environment.

With 15 minutes exposure time:

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

35 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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35 Under the test conditions of Exanple 11, |arge vol unes of hydrogen
-peroxide solution were ineffective at achieving sterilization when vacuum

was -30 applajppfled f?dlSr Qﬁ‘ll%%e\‘yem(o@ 8fibdP6f timds Bis Is tBtievdd kcf %?h%ﬁkﬁ%ﬁg@éﬁ

be at least partially ecause ter vaporizes nore quic

per oxi de. Thiecauseewater erapopizes more iquidkhe tharu bpdrogen petdxide. WMThus, ihp avitée
first, and nore titrre Ls needed tlo. va@q"i ze the hF\;dro en peroxide. Thjs

al so expl ai n® R IRINE AGYEPUS, SPIYHER Wil ¥apRrize, fiEs ﬁéfﬂ!ﬂ’ﬁé'%l‘%f‘?@ﬁﬁd/\&e
effective at v@?BHEé”tlﬁél hydrdgen! gérokiie. atrhidi 8156 Texplafl®&h tHE Grgef Ulumes of
vapori zation of the hydrgggn Pe.rom de occurs sooner at "hi gher’lg

t enper &t ur es hydiregen wkeaxide selutionewere effectivetati achidwing \stariiration tatehighegher
terrperaturestor nor e t.itr'r]e i S r.egéiui re?l t o, achi eve sterilization. Again, it
woul d appear ‘§'PBRIAESNE¥ROfIRaOR Of the hydinBgAderoride Ogrws sopner atmghen
Torr, achi eveerfiBe@tigret.CThYS WwhéH inhé ' i SBeC It s is
believed to brgpbecause atlysﬁi gh%h; rg?%??&?;s#nﬂgﬁ%ﬁtﬁgdg‘gg%%r%}')E(l?ecfemggglbr

i s retained terpperatunesor syaredime ig requireddew aghfrvestearilizatiote hydr ogen

eroxi de vapor is jpulled out,of th syste 0 lckly. In order to
gval uate a But atiVv aﬁﬁ'r{fiwﬂ%‘?&“eﬁﬁﬁmx eaaiap@‘tag;jlﬁ%'byixﬂgh%@'eﬁﬁfesr ie. 10
i qui dOVvacuumosy SEREVvE Mnéretiffdctiol SRrilioation Ghaer HR5E 2bRgitionEXFAR'iE biReViBP

carried out. Exanple 12 Various concentrations of pero>E<'|°3e were used 1h a
syst em subst imbediecausesat higharpressurdshnmoos hpdtagen peraxidévaporés @taihed ifside

t th ' 20 st ainl teel tube hayi I t h of
30 cm and antioertr AbTad e eeurd e hydtpesh peiexids aept sipudiediawbeting o
with 1.9 x logstemaoesquitkl: stearot hernophilus was placed within the

cont ai ner whi.ch was a 2.2 cmx 60 cm gl ass yube. Vari ous anounts of 3%
hydr ogen per oxi de Iv@rder tot evaluate@ putative iRinoonmacaongentratien of petoxideein thres

Forr Far o plACIHAIRR ey in'd G iRt Fieliet: Exfemia i wer camissbed

from approxi gat.el y 230C to approximately 40C. Sporicidal activity was
eval uat ed -
Example 12

Various concentrations of peroxide were used in a system sub§tantial|y as

described in connection with Figure 2. In this system, the exit tube 35 was a .

20 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
25 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
30 with sodium thiosulfate. Results are shown in Table 12 where "N/D" indicates not

determined.
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at" each concentration of peroxide. In addition, the anmount of peroxide
~remaining in the container after the sterilization process was eval uated
by standard titration techniques, V\herle%_e_qje per oxi de was reacted with
pot assi um i odi de and tltrated 30 wi th sodiumthiosulfate. Results are shown
in Table 12 {)nﬂ g,te E erm.ne -31 Table-1-2 Anmount of
Per oxi de SpOI’I CI i LIt g@amf Bvlty Peroxide 0.5 ng/L
liquid + N quild 779r8X19€ j huid + D 0.8 ng/L
|IQUId+N/3 ﬁ;gé!!,éugwd+l\l/p 1]0 my liqpid - 0.17 ng/L 10 The
results rep —-eH-c-at-a—Lt| L of 3% Iiquid peroxide

were rgquired iostdmgjLsquidmtested.to effecN/[:ster i zati on. Further, under
the conditi eIt Tt ot O—+7 g/ L of peroxide remaining
in the system O\dsmsﬂ-fhﬂwdent to provide chﬂi] etefsterilization. These data

al so showth ¢ e gaﬁ é fjube USed ijn thnese experiments provided a
sufficient Ileyve?-8oMBh iay resthictijon tND rethin 17% of the hydrogen

per oxi de pI ce [ flurt her inyesti he effects of |ength and
i nt er nal ﬂv%?%w Eg\uu\@é tuﬁ'n usgad_in Jemsimlar to that of

Exanpl e 12 Thi 5.0t gl kguids hovvn -in o Exami ﬁ,g;q_S 20 Exanple 13 A system
siml t 0 t'HE—geSETr oo arove-roorreeten=w=tn Exanple 12, wth the
exception that 15 mnutes of vacuumrather than one hour was used. Thus,

'; Ee tenperature iTke AGRSIrepdrtedtin TablRUL iA8featd that N0SmER 3% liqhidpetbgide®
e

@

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
15 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. |
20 : 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
25 are reported below in Table 13.
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inside 2.2 cmx 60 cm gl ass
no stopper qheseiuilEhol tHat

open,

vapor fromthe interior of the tu

filtel9
syringe f||t
filter;

and a

o PE G edeinl {8

t ubes

exit tube 35 was varied, as well as the volume of 3% peroxide solution. The
~results 25 are reported belowin Table 13. -32 Table 13 50 NI 100 NI 150

pl] 200 NI Open without tubing + + + + 56 mMmIDXx 1 cmlength + - - - 9 nm

IDXx 1 cmlength + - - - 13 mID x 1 cleHlendth + + + + The results show

that provided sufficient peroxide is present, the diffusion- 10 restriction

provided by a single entry/exit port of 9 nm or Iess in I nternal dianeter,

or 1 cmor greater in length is spffrcrept—toeffect——sSterrtzaty on. To

further evaluate the effect on st erﬁq)wiatlb@DM'f 20mbes in the

anount of reptr+etor—ef—vaper ~uS-oR-H-A—t ~thefald owi ng

testing was peﬂpmnwdhodﬁuﬁkgrpl e 14 A staipl esp steel | bl ade was

i noculated Wth 2.1 x 106 B steafothermpphilus | spores|{ The bljde 5 was

pl acedsi nsi dg lpss ,tubg 20_as shown {(n Fl GURE 3,

t oget hgr W th egﬁpggmaﬁocﬁm?% 3% ﬁ'ydr( xi de splution.|] One end of

the tube was éoseg ? end wag W th alruapbber RO stopper

25 having a py |"HB D 4 erté‘d th he “gl ags tube RO was

pl aced insi j'E_a_VTﬂ,uumt,nanucn aprd—treatret—for—f{5—mrutes—at—>5{ Torr,

duri ng whi ch| tiBrem {ex tleerpdeagthrp i fcr edsed+f rojn appr oki net el y| 23C to

appr oxi mat el y—286—~As—a—=coht+olli-dentid Lnioculated bl ades] were pl aced

The open end of the tubes was |eft

Erd\ﬁée@ SufficRiht pbfbiide fssresirt! thal @RuSbn-

Var i ous syringe .

e was not

i

Ite

irbl R ek

restricted.
havi f@str\yqfqrbm@vmdebm siagleentey/exit pett of |9rmrrudl Iegs iFisterRalFdiad@term

gﬁ]nbra

Rg¥

/[ gym e

nbr ane

'Y menbrane filter

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

15

20

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

25

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 zm membrane filter and a 0.5 m membrane

filter; a Nalgene PTFE 50 mm.syringe filter with a 0.2 um membrane filter and a

0.45 ym membrane filter; a Whatman Anotop™ 10 Plus sterile syringe filter with a
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0.45, um nenbrane filter; a Watman Anotop'"
wWth a -33 0.02 pmnenbrane filter and a 0.1 pm nenbrane filter;

finally, a n __Acrogdisc',.

and a 1.0 pgﬁ*éﬁﬁyﬁﬂggmg?W8f?
Activity of Hediser TR PTFEWyEiR
Filter 15 m nutes vacuum and 3
filter and stibgpesultssmems folbowplL 150 pL 200 pL 5 Torr + + + +
+ + 15 (b) Wth MFS' PTFE 25 mm syrin
filter 20 50p1 100pL 150pL 200pL 5 Tor
menbrafe filter 25 50 pL.100 .
(3) Wth 2 MFS filters PRRJl

e

drogen pe

CR PTFE syringe filter
i arela é’rﬁfﬁ% membRe.
&Uith a'd. 2

CAICE

150 pL 200

L
AQivity Ofchlzngﬁ@s!

wWthaoO2p
fittegp apd finallg,

RS DR 6 PR B 2555 g

filters - Two O.5pmfilters ina Container Having a Syringe Filter

15 minutes vacuum and 3% hydrogen peroxide:

10 Plus sterile syringe filter

and

10 Torr
(1) 0.2 pm nenbrane
10 Torr - -
+ - 10 Torr -

dep witg¥agoumL Two 0. 2pm

10 (@) Without syringe filter and stopper:
50 uL 100 uL 150 uL 200 pL
5 Torr + + + +
10 Torr + + + +
15
(b) With MFS™ PTFE 25 mm syringe filter:
(1) 0.2 ym membrane filter
20 50 pl 100 uL 150 pL 200 L
5 Torr + - - -
10 Torr - - - -
(2) 0.5 ym membrane filter
25 50 plL 100 pwL 150 yL 200 uL
5 Torr + - - -
10 Torr - - - -
(3) With 2 MFS™ filters together at 5 Torr pressure
30 50 pl |
Two 0.2um filters -
Two 0.5um filters -

35
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35 -34 (c) Wth Nalgene'" PTFE 50 nm syringe filter: (1) 0.2 Nm nenbrane

filter 50 NL 100 NL 150 NL 200 NL 5 5 Torr - - _ 10 Torr _ _ (2) 0.45 Nm
menbrane filter 50 NL 100 NL 150 NL 200 NL 10 5 Torr - - 10 Torr (d)
Wth What man Anot @' Wih Palgenslt PRife50 immesyringd Silted:) 0. 02 | pm menbr ane
‘filter 50 NL 100 jiL 5 Torr - - 10 Torr - - 20 (2) 0.1 pmrrenbrane filter
50 NL 100 NL 5 Torr - (1) 102 Joi membragé fiftep Wt h Cel man Acrodisc' CR PTFE
syringe filter: (1) 0.2 Nm renmbrane fiter—S—S5ot—4+00—t—75—For+— 10
Torr - -35 50 uL 100 pL 150 ul 200 pL
5 5 Torr - - ' - ]
10 Torr - - - .

(2) 0.45 ym membrane filter
50 uL 100 pL 150 uL 200 uL
10 5 Torr ' - - - -
10 Torr - - - ' .

(d) With Whatman Anotop™ 10 Plus syringe filter:

" (1) 0.02 yum membrane filter
50 uL 100 pL H
5 Torr - - 1
10 Torr - - H
20 '
(2) 0.1 um membrane filter
50 ul 100 pL 1]
5Torr - - -
10 Torr - -
25
(e) With Gelman Acrodisc™ CR PTFE syringe filter:
(1) 0.2 um membrane filter
30 . 50 uL 100 uL 1]
5 Torr + - H
10 Torr - - 1
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(2) 0.45 pmnenbrane filter 50 pL 100 pL 5 Torr + 10 Torr - - 11 5 (3)
1.0 pmnenbrane filter 50 pL 100 pL L 5 Torr + - 10 Torr - - 10 .As is
apparent fromthese results, certain brands of filters do not create a
sufficiently diffusion (45 ¢gmeanembianerfiltant at 5 Torr pressure when only
‘50 PL of hydrogen peroxide gol g#éo ITS|placed 1Tnpthe system O her brands
of filters did—provide sufflcj MYi 5 si 880 Mést i ction; these brands of
filters had ¢ither slpgger 15/l unens or $maller filfter pore size. Using
| ar ger vol ungs—of—erox+ade—sproti+or—Eot—For—pregsure, or serial filters
enhances the|effi cHtYoof the|steri-lizat{on system| This is inportant, as
filterss including ones made of TyvVeER used i n packaging  of
sterile articles to preyento LafaBABIARIAIRP W th bacteria. These filters
generally have a pore size pt—3—pH-e—toss—or-in the case of Tyvek'",
create a tortuous path 20 wh| ch Sagteri fp cppmel cfjoss. In the present
I nvention, fi[TTers_can De USEQ T1ctombatTomw§h ot her packagi ng neans
to create a {iffusPoiPFestrifted *envirpnnent to gffect sterilization, and
the sterile articlg ¢ rema| n inside the packagiing during storage prior
to usel;othe ' ent _re-contbni nafion df the sterile article.
25 In order to test whether other sterilants can also be used to effect
sterilization inAagdiikfippi f o [ a.the faoll,owing testing
was perforned. &Pg&éldgﬁggﬁkf@ithfﬁg&g? %ecfeQ@ﬁgéa%\gésoQﬁH&&thw Gletlg & 9
x 106 B. st esHfiicieatiystifiusion restiided enviroantenades Fomqsressupe atheh I G03y 1202 CM

x 60 cm gl asg, h¥an30kERide WBiion is placed in the system. Other brands of filters did

provide sufficient diffusion restriction; these brands of filters had either longer

15 lumens or smaller filter pore size. Using larger volumes of peroxide solution, 10
Torr pressure, or serial filters enhances the efficacy of the sterilization system. This
is important, as filters, including ones made of Tyvek™, are often used in packaging
of sterile articles to prevent re-contamination with bacteria. These filters generally
have a pore size of 1 um or less, or in the case of Tyvek™, create a tortuous path

20 which bacteria cannot cross. In the present invention, filters can be uséd in
combination with other packaging means to create a diffusion restricted
environment to effect sterilization, and the sterile article can remain inside the
packaging during storage prior to use; the filter will prevent re-contamination of the
sterile article.

25 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 cm glass tube 20 as shown

30 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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30 in FIGURE 2, along with various anmobunts of 4.74% peracetic acid solution
_(Solvay Interox Ltd., Warrington, England). The gl ass tube 20 was placed in
d to 5 Torr pressure for 15 m nutes,

a vacuum -36 c&?g,nberdan . subj ect S
during whi ch “PAMEeEr ARd sp 400t dormpreasse Jor 1 §minmtesoduning avhicR 3G the

appr oxi mat el Yerd86&ratur f | [ L5 _shown_.bel qw. le 15 5
Sterilization V\?t h Pg.reiggge?i?éc& R@lng aphm)gmbf‘%tg uis?cgl';]%?{e%%prr%'m&eqéyﬁtﬁ\ gﬁ‘eyL
100#1- 150 yresplfs of this testingfis shown kebowts - - - - These results show t hat
peracetic acid, in which hydrogen peroxri %ﬁ igexi sts, can also be used in
the sterilization nmethod of the present==% tion. It was discovered that
by delTvering small anounts of hydrogen peroxide 15 solution to an article
to be sterilized prior to exp%‘@[!?l'éaltcm VéithiBeracetieAdid imt i on  coul d be
effected at |ower tenperatures arRiffusioptRestriqtedSysterof tinme. The fol | ow ng
testing was perforned to evaluate different nmethods of delivering hydrogen
peroxide solpution to the artrcle 10 Joe _stert rj zeg.—Fumttrer—tfe—efH+eagy of
vacuum treabment and plasnm treat ngnt PHY ovi nHOwbt rleatifemt Wi 2B0aduelbus
hydroggn 20| per oxigl eI esGRiPar ed.| The_testling Is dgscribed [n Exanpre 16
bel ow. Exanp i i of tests I stainleds stee| | ades welr e

i noculated with 2.5 x 106 B. stearothernophilus spores. The bl ades were

pl aced in the expIhdsdrecdishbw thia i i ss. st eel
lumen. The lumen was placed in a %égg&%%@arﬁ:ﬁd '@éﬁ%ﬁr_&ﬂc%é eﬁid%ég)%é%c?ﬁx'%@
hydr ogen perS%éE\gglﬁ usedoin. theisterilization weethod editbel presenbinvientiores i N 3%

hydr ogen per oxi de ool r,.of .surviyin organi sis fol |l ow ng

this initial soak'tvﬁéy Q‘es?gvrerhwni%ﬁ.”ﬁ@ei'nm sqall AMfiewess & hverosent prsoxide

hydr o§8n per solutien gol art anitlets! beheenlited BroPe!xpbsdre/ toWhLurP&Erli ANBhS -
could be effected at lower temperatures and in short periods of time. The following

testing was performed to evaluate different methods of delivering hydrogen
peroxide solution to the article to be sterilized. Further, the efficacy of vacuum
treatment and plasma treatment following pretreatment with aqueous hydrogen

20 peroxide were compared. The testing is described in Example 16 below.

Example 16

In a first series of tests, 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. The lumen was placed in a 1000
25 ml beaker containing 800 mi of hydrogen peroxide solution. The lumen was
~ soaked for 5 minutes in 3% hydrogen peroxide solution. The number of surviving
organisms following this initial soak was determined. The lumens were removed
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
30 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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The inside of the lunmens were dried by placing one end of the lumen into a
flask 30 and blowing with a three second burst of conpressed air. The

| umens wer e toséitterra vardmi 860 5| Toi At 13 Hintkak bPBlasPa98E £§ miRLies al0.5Ff.
sol uti on was RI own out. Subsequently, the lumen was placed in a
‘sterilizati offtehhaiseinuigspofcasyyay the temperawire ingreased fram mpproxintately 28 ° Cor

15 mnutes, gr MUt at_ 0.5 Torr, . Aft 5.m nutes of
vacuum the @e%@gﬁ?%ﬂ{%%?%agg r??mblﬁ] ae{ﬁﬁftoweé?v '?%bj[?dg‘épproxi mat el y
28C. The results are set forth bel ow ina§|§h§¢\ 16A. Table 16A 5 Effect of
H202 Spl ution Soak on Sporicidal Activity 1n Stainless Steel Lunens Prior

to Either a Plasma or a Vacuu et : IJ Lty Test Results Conc.
H2Q2 (9% Nunber of Soa&p%ﬁ Mﬂ@ﬁﬁn’s%(%ﬂ@éf Jr)r'1]'in gprv't?vi ng Al one
Vacuum Pl asma  Organi s eib o@g'rﬁ%( B SN0 P 014 F 0o/4 15
A five ninute soak in 3% hydt'ogef "pEMEXPGR VAEHYMD; RAUMENtan effective neans
for delivering the hydrogen peroxide into the lunmen prior to vacuum or
plasmpgtreatment. As noted before, treatnent vvithse%ﬁbpgga per pxi de
solution only is ineffective to achieve iz at using ut e

sol utions and Gdmax tH €hal%)t | mes.Nurbbéri ofer y of $ualtr ogen gkoxi de Sphdtion via
static soaki nSoalsThhe ISemit as eblmdiihge a 20 Apgye t O dq,laaﬂ/gfn t he ﬁ]%(ﬂﬁé)gen
per oxi de as depositing small (y@aﬁm Apdrectly into the umen of e

devi ce. Fl owthrough deliver : ( n peroxi de was tested next. Here,
stainl ess steet b?adcs ccysgé%ﬁgc%‘@%eu Ph 2—5—¥—1 06 B.

st ear ot her nphi | us3dpores. [The &Rrt¥s werle plaaged [n t bey exppndegiqcentier
pi ece of a 3TTMTX 50 Ccmrstarmtess Steet

15 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
20 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. stearothermbph_ilus spores. The
blades were placed in the expanded center piece of a 3 mm x 50 cm stainless steel
25 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

30 set forth below in Table 168B.
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25 lumen. Hydrogen peroxide solution at 3% concentration was delivered to
-'the lunen at a flowrate of 0.1 Umn, using a peristaltic punp. The | unen
was dried as described above. Follow ng pretreatnment w th hydrogen
peroxide solution, the |unen was then Jdld¢edagBin a sterilization chanber
and exposed to either a vacuum of 0.5 Torr for 15 mnutes, or plasma for
15 mnutes at 0.5 Torr.Effidees 6F£FloM-Fh ; In Tabl e 16B.
-38 Tabl e 16B Effects Sporidi@yF AQivatyIbti hbl?gﬁagﬁ%%géfﬁ}?%n on
Sporiciglal Activity Prior to Eiféﬂﬁ:fenﬁivgﬁﬂﬂgls% 3 Fasmad 53Mat ment in
Stainl ess Steel Lumens Sterility Test RSUITE B HUMER0> Nunber of
Surviving Flow + Flow + (% Organisns after VacuumPlasma 10 5 min flow
Fl ow Al one 3 6.2x10" 0/4 0/4 Delivery of the hydrggﬁnh/p% Q)ﬁ'egl?ltssm ution .
vi a const ant fl(ngi_?lgo an_ effectjve way de to
the system 15 FrMY: 1N % he Nyraker off Sunviving:ry oflolydr ogen peflgwi ge by
aerosgl spray was {Rsted. StalBamismstafler bl adegacteine | nocul pfaegiawith 2.5
x 106 '8 stear ot hémipdiaw| us spdilew. Albine i nocul ated bl ades were placed in
the expanded|center jpiece of a 3 pm X 50 Cnlstar messsteet—ufer—H]r ee
percent hydr tgen ppljm(i de solutiof-4¥9® delilered &$ the | umenom a a 3
second aerosol spray. Aerosol spray rate was 20 determned to be U. um n.

After a 5 mnute | ' tment wth hydrogen peroxide, the
| unen was dried a‘?ééfggﬁf}ntgﬁ%g@g\?é%ﬁng%[%dq awé'}l%a‘eg qaRstanpifleveds alsoaan
sterilizati oeffettivebeny ao detivpobpdrogen Petdide to Haledngf 0.5 Torr for 15
m'nutqg, or plas t 0.5 Torr. The results are set forth

.for 15 mnute ! _
bel ow'’n Table 16 ."33'3' %’épogtfe@ delivery of hydrogen peroxide by aerosol spray was
tested. Stainless steel blades were inoculated with 2.5 x 10° . 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
20 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.
25 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

30
Sterility Test Results
Conc. H,0, Number of Surviving Aerosol + Aerosol +
(%) Organisms after Vacuum Plasma
Aerosol Alone
3 7.4x10° - 0/4 0/4
35
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Eff ects of Aerosol Delivery of H2Q2 Solution on Sporicidal Activity Prior
‘to Either a Vacuum or a Plasma Treatnment in Metal Lunens 30 Sterility Test
Results Conc. H202 Nunber of Surviving Aerosol + Aerosol + (~6) Organi sns

after Vacuum Pl asnBlowAtirosgh ofthyategen BerbkidiBadithePk 4i ) Fl oy t hrough
‘of hydrogen pellrsqc’néi de, as L?t her |IgC]UIEd sol u?i c;neora[hggﬁgssogﬁt %%ﬂra%[f’% CBE

achi eved b%/ itﬁ Gﬁfh'ﬁde ¥ it i@gi%:SfaSedM?sshleaﬂddléd?r\{,meé}ca gfd?teggsggsed
ressure a \ e treated. It-is evident from
: by B AT AR

the data in tables 16A- 5 delivering hydrogen

peroxi de sol ution kdstdvident tfrarhetheoddta int Babled 28A- B YhACH! titk rﬁgtfh%?giovfe
steriligationg,lhus At aé)ﬁars that a nunber of different met hods 0

del i very can delivering hygeo gerexiqensolyijan dg dhe peticlg itol desssériti zeshpiovidudefor nt
in the syst egfdetiverstdrfliRAKBASY 0;, V. pl asma. Fi.nally, the efficacy
of pretreatnent With hgljzr%gggn ggtrl%xlltd%ﬁ#?goﬁ{%oa iu%@' fe&ﬁﬁz%tm@hoémfe
whi ch combi nedelivenysan detusetlyas bpgraspivechydiega peroxidesaiiian isAprd %qﬁgﬁew‘as
eval uated. T &ﬁ?%hggtms as f%llovvs. Exa Fe 17 Stainless steef |'ades
wer e i nocul at&a 'EEXPOSYER [ VATWUP S HREAS®Bhi | us  spores. The bl ades
wer e soaked in 3%Hkipdilypoke offican ¢ tnsent f ' 1 or .15 5 mnutes.
The bl ades were.then p)iqaced i n@étvhe _e@ﬁggged éeﬂ{tgﬁ*@i}?‘g@g Bgroé"(\}f RAC% 1802 cm
stainl €5s st e¥¢rilization cyglgavhighwombines expospratehlydrogen pérokidel vapb, Yacuum,

chanber o BHaHS A e PRI B o o o
m ni mum of | ‘ Example 17
Stainless steel blades were inoculated with 2.5 x 10° 8. stearothermophilus
spores. The blades were soaked in 3% hydrogen peroxide solution for either 1 or
15 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.
20 Following the plasma treatment, the chamber was vented and the blades tested for

sterility. The results are shown below.

Table 17
Effects of H,0, Solution Soak on Sporicidal

25 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
30 3% 1 min 4/4 0/4
5 min 4/4 0/4
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6 'mg/ L hydrogen peroxide, followed by 15 m nutes of plasma at 400 watts. 20
"Followi ng the plasma treatnent, the chanber was vented and the bl ades

‘ i 1p - - . blLe 17 Effectsof
102 Sol it i o Soal s SmEthe Ratehindl Ry B odBl M vabRY afd hlasiai FElsaline

Prior to a Hfimpgayerpge cmﬁiadl)esu\tavzp@rngk a@nﬁ@mgg?flst@reaﬁygxg ?%de%e%wlél} Z

Conc. H202 S Ti Kk one Soak, + cle 3% 1 m n

o/ ZC -40 Pr o§§§'§'ﬁhgﬁtﬁ§% P?f°é"1¢y§9%§§hf%e? gindes \Aeng leftnan pyerage of

cycle alone glzfi 1@ ﬁa\feiﬁ/ﬁr%eoﬂia_@ns?%yib‘(%dlg RN Ty Rﬁé tgltagqeqd&jloqsora 5

Pretreating the blades by “soaking in 3%: ydroge_n’ per oxi de sol
m nut e? al on&oMmbrination effwdaggerperoside vapaOExpasunel and sl asmg expssiFe, MHiciPhade-

di ti , 5 npi nati on of hydrogen peroxide vapor
exposur o and BRI BEBE e e menkan dhover it ebfisian avicad
i cl eRef ' [ EARTES ri viron :
rovever . Eyeg?éﬁ'?ﬁ';‘f’?ﬁg okl ) Bretisalie (08 Jricte " K& efived SR, Bisyen

peroxi de sol Dydwgepr peroxide indptiemurmidraommmgmtqohlyd)@gt@ BépRIdeadbor RInds M,
Wi l e the invention has been

i IE i be. hi .10,
gggpc)lrieggdsit ﬁb!:algnngtcclf)ﬁ{ch!lg%gﬁ{ﬁﬁg Bi‘%\égt r?q?’ém’ted- sol utions cont ai ni ng .
_ . - : - . . nar
hydrodén per oxi de While td InveatiaR Pas bedd @@sé?ﬁbeﬁgﬂs&) elgig alg'[ @J&“'ao#/erﬁﬁrfther

in the art that equivalent sterilization nmethods can be 1
sterilant |ié8plutiens ICﬁnbmnlaBtMagén/pemﬂﬂnjumtl,baappmrdiat@@tbyh@,\ég@g,agin\gapor

: . .ot h Ol t o ich the steril ant
e o ovi deq Titind KiflTh aBe AEtrat eBlalentserization resihgok apoibecaaptashiot he
vapor pressuothebatdrilagyt liqhidan thhed aRérnhtide Eﬂb&@ﬂﬁ%r‘ﬂ', tahh@rifagF pé\?ﬁgﬁareggg%re

ranges contenpl ated herein. Such sterilants can be’adapte
t echni ques dreessurgdewee thanrthat ofiwater or athepsolvent in which the sterilant is provided

15 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
20 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
25 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,

30 without leaving toxic residues behind, and without the need to attach special
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adj ustnments nade for the differences in vapor pressure between peroxi de and
'such other sterilant, as can be readily determ ned by those having

ordi nary skill iq t 20 aﬁt.<Qs | ong as the | ocal vapor pressure at the
site of the sY&&§'f-antng mginedicf the Bigsenthinveatien ipefficiente nonhapardousr andant |
sterilizationnegerifedssnveyed substantially as described hereinabove.
Conclusion Achieving rapid sterilization of |unened devices at | ow
tenperatures using 25 |ow concentrations of sterilants has, until now,
been exceedingly challenging. A superior nethod of sterilization has been
di scovered which overcones the problens of the known nethods. By
pretreating articles to be sterilized with an aqueous solution of hydrogen
peroxi de prior to exposure to a vacuum rapid sterilization can be
achieved at | ow tenperatures, w thout danmage to the articles, 30 w thout

| eavi ng toxic residues behind, and without the need to attach special -41
vessel s. The nethod of the present invention is efficient, nonhazardous,
and inexpensive as well. -42 CLAIMS FOR FOREIGN FILING WHAT IS CLAIMED IS

5 1. Amethod for sterilizing an interior of a device wth a diffusion
restricted area therein conprising the steps of: contacting the diffusion
restricted area with a liquid 10 solution conprising hydrogen peroxi de;
exposing the diffusion restricted area to negative pressure so as to
vaporize at |east a portion of the liquid solution and for a time period
sufficient to effect conplete sterilization of said diffusion restricted
ar ea.
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15 2. The nmethod of claim1l, wherein said liquid solution is an aerosol.
3. The nethod of claim1, wherein said solutionis 20 peracetic acid. 4.
The nethod of claim 1, wherein said contacting step conprises delivery via
one or nore nethods selected fromthe group consisting of injection,

'static soak, liquid flow 25 rosol_spray. 5. The nethod of
claim1l1, wherein said area ?M%ﬁ%ﬁIﬁgﬁ%d of claim1, further
conpri si &h S g exposing said device to a plasma during the step
of expos negative pressure. 7. The method of claiml,

wherein said area has the sane or nore diffusion restriction than provided

by a™lunen 27, 35 ¢cmin |l ength and .internal dianpeter of 3. nMm JJM 249 8.
e thod £9R 575 o

The nethod ofltl ai 2N AN HREeEIoh OF HpPRVEFS f usi on

restrictwbthtdadi Pfusickedréyt pitte@dnardéavingr&in adompof sleqotie t Otépd er nal
dianeterogreater than 50. 5 9. The nethod of claim1, wherein said solution
is at a “concentration of |ess than 25% by weight. 10. The method of claim
1, further coogmtaciing hehetadpf fodidweatesgrseted aatés el chura npi gedd
expesgi n 0 e og for sterilizing an interior and an exterior
of g? arg?ié%ﬁgi%%rr%%ﬁps]f nsglrf%m} ?%%%e%f‘?eré%’ﬁ Tt | ng said article with a
i quid sol utiexpesing ithegdififus igenrestokétied awelk to negative
pressure so as to vaporize at least a portion of the liquid
solution and for a time period sufficient to effect complete
sterilization of said diffusion restricted area.
15
2. The method of claim 1, wherein said liquid solution

is an aerosol.

3. The method of claim 1, wherein said solution is

20 peracetic acid.

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

25 through and aerosol spray.

5. The method of claim 1, wherein said area is a lumen.
6. The method of claim 1, further comprising the step
30 of exposing said device to a plasma during the step of
exposing the device to negative pressure.
7. The method of claim 1, wherein said area has the

same or more diffusion restriction than provided by a lumen 27

35 cm in length and an internal diameter of 3 mm.
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15 placing said article in a diffusion-restricted environment, said
."contacting and placing steps being perforned in either order; followed by
exposi ng said diffusion-restricted environnment to negative pressure for a
time period sufficient to effect 20 conplete sterilization. 12. The nethod
' rfstricted envj ronnent. conpri ses a

’

of claim 11, er ej saj I ffHSi 7

cont ai ner with' at Q%S?ég%%a égi?f?ﬂﬁe. Mherelinsald area hag| bhen 11,
wher ei n sane @Rimorub@iféuaionlEeastrilcﬂi@rmttmarhepmgﬁf l\Pﬁ.déér.ley'l'l‘lg!}hImﬁ&?ﬁ gf f
claim1l ein ' [ O:iphcludes.a filter. ) e method o
oo m haplieg e ne2eldl &K 1eddlf (SOANIET et AT grdat e eh AT IAGs | o
fromthe environnent into.said container. 35 JJh4249|16. Th$hnethoﬂ Sf f
cl ai 11, rei [ ' i de S £ i.,s an. aerosol. 17.. e. nethod o
L8 11 it el el e WG <Olatd O U5 A0RSLOR0! sy I et biod

cl ai m 11SoRFRR et ke P Eokesetian 2%p byomiglses del ivery via one or nore
net hods selected fromthe group consisting of injection, static soak,

liquid flow 10 through and aerosol spray. 19. The nethod of claim11,
wherein sai d ¥} ea The gnethegef claim 1, further comprising the step

of heating said article during said exposing step.

10
11. A method for sterilizing an interior and an exterior
of an article comprising the steps of:
contacting said article with a liquid solution comprising
hydrogen peroxide; and
15 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

negative pressure for a time period sufficient to effect

20 complete sterilization.

12. The method of claim 11, wherein said diffusion-
restricted environment comprises a container with at least one
exit tube.

25

13. The method of claim 11, wherein said exit tube is at

least 1.0 cm in length.

14. The method of claim 11, wherein said exit tube
30 includes a filter.

15. The method of claim 11 wherein said filter is
sufficient to prevent entry of bacteria from the environment
into said container.

35
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15 20. The nmethod of claim 11, further conprising the step of exposing
-said device to a plasma during the step of exposing the device to negative
" pressure. 21. The method of claim 11, wherein said area has the 20 sane or
nore diffusion restriction than provided by a lunen 27 cmin Iength and an

‘internal diangger 256 T, thpd claimil ereiln_ said, area
has the sane %r ngé%%agﬁuél on ?gasﬁiic]fﬁ o‘%‘?ﬂ%’fﬁn p?%{'ﬁld%\h zf

havi ng als aamoaefosehgth to internal dianmeter greater than 50. 23. The
met hod of claim 11, wherein said solution is at a concentration of |ess

t han 25% by weight. 30 24. The nethod of claim 11, further conprising the
step of heatlhg sthel methed cofiuzlanign skl d wixgosimgssidpso id 1% s

5 peracetic acid.

18. The method of claim 11, wherein said contacting step
comprises delivery via one or more methods selected from the
group consisting of injection, static soak, liquid flow-

10 through and aerosol spray.

19. The method of claim 11, wherein said area is a

lumen.

15 20. The method of claim 11, further comprising the step
of exposing said device to a plasma during the step of

exposing the device to negative pressure.

21. The method of claim 11, wherein said area has the
20 same or more diffusion restriction than provided by a lumen 27

cm in length and an internal diameter of 3 mm.
22. The method of claim 11, wherein said area has the
same or more diffusion restriction than provided by a lumen

25 having a ratio of length to internal diameter greater than 50.

23. The method of claim 11, wherein said solution is at

a concentration of less than 25% by weight.

30 24. The method of claim 11, further comprising the step

of heating said article during said exposing step.
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