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Food and Drug Administration DIEa g me

5630 Fishers Lane : R

Room 1061 . ; Docket No. OID-0193

(HFA-305)

Rockville, MD 20852 o B ; | ~ June 11,2001

Dear Sir/Madam:
As instructed in the referenced docket, here are my comments and suggestions.

COMMENT 1:

-section I part C definitions (Page 3)

A definition for diffusion challenge should be added not only to the definitions section, but
this concept should pervade all thinking in regard to sterilization. There is little value to a sterilization
process which can not successfully penetrate to the places in the load where the microorganisms exist.
Likewise any biological indicator which fails to address the concept of diffusion challenge, also most
likely fails to provide adequate sterility assurance. The degree of sterility assurance possible from
biological indication is only as good as the diffusion challenge’s ability to simulate the most difficult
to reach microorganisms.

SUGGESTION 1:

The definition proposed for addition:

“Diffusion Challenge: Means to present a purposefully difficult penetration path for the
sterilant to contact the BI spores. This concept includes; placing the BI inside a syringe or other
restricted entry orifice device; sealing the BI and syringe in a pouch or bag of identical materials,
construction and sealing method as those bags or pouches used for items in the load; and BI
placement deep within the load. Practiced in order to simulate the difficulties sterilants may have in
penetrating the various items and packagings to reach microorganisms deep within the load."

COMMENT 2:

-section Il part H Efficacy Data

I strongly agree with this comment, and add the observation that viable spore populations in
the BI are critical. I further submit the attached publications as background for the criticality of this
parameter validation in consideration of 510(k) clearance, as some of the authors have apparently
researched this very issue and have made some interesting observations if not outright conclusions.

I am further curious as to what subsequent actions or inquiries FDA has made regarding the
questions posed in these publications for the BI involved with the hydrogen peroxide plasma method.
I am unaware whether the manufacturer may have made modifications to their BI or sterilization
process or equipment subsequent to these publications, and would appreciate any information you can
furnish.
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COMMENT 3:

-Section III part J 2 Test Packs and section III part J3 Throughput Process Indicators

" Istrongly agree with the positions articulated in these sections and in the Appendix I

checklist. Previously, certain manufacturers may have overlooked these issues. In particular, there
seemed at one point to be little similarity of BI diffusion challenge or spore resistance for their new
process BI as compared to those for ethylene oxide. Additionally, there were chemical indicators in
use, which exhibited color change after exposure to fluorescent light in the absence of the sterilant.

The attached publications detail these concerns as expressed by the various authors.

Respectfully Submitted,

e P~ e

James R. MacNeal BA, HMS/I, NREMT-B
Technology Director, North America

AGA Linde Healthcare

6055 Rockside Woods Boulevard
Independence, Ohio 44131

Attachments:
1. Koller W, Lessky E: Microbiological Test Results and Observations with a Hydrogen
Peroxide Plasma Sterilizer. Zentral Sterilisation. 1996: 4(2): 79-87.
2. Kramer A: News Update. Hyg Med. 1995: 20: 52-53 (in German)
3. Mecke P, et al: On the Efficacy and Validation of H,O, Sterilizers. Zentral Sterilisation.
1993; 1(6): (in German)
4. MacNeal J, Glaser Z: Comparison of Health Care-Based Sterilization Technologies:
Safety, Efficacy and Economics. Journal of Healthcare Safety, Compliance & Infection
Control. 1997: 1(2): 91-107.
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Mikrobiologische Ergebnisse
ind Beobachtungen mit einem
H,0,-Plasmasteriiisator’

Das untersuchte Wasserstaffperoxid-Plasmaveriahren
konnte auf Mattgtas die Sporen von Bacillus sustilis, Badit-
lus stearothermaphilus und Aspergiilus niger in allen untar-
suchten Proben um mindestens 6.0 log-Stufen reduzieren.
8ei Verwendung von Kunststoff-Keimtragem mit flachen
Vermiefungen (Napfchen) wurce dagegen aieses 2iel bei
mehr ais einem Vientel der Proben verfehit.

Die Keimrdmung in langen, dinnen Lumina wu=g hier nicht
untersucht. : ;
Die von uns gemessenen ProzeStemperaturen ‘waren deut-
lich hdher als die vom Hersteiler angegebenen.

Das untersuchte Gerit konmte mit gebrauchten, ieeren Was-

Offene Fragen _e”rg'abeu“sicb hsb.s#nderé hinsichtlich fol- _»

)end_? Anfiegen: :
~ Zuverlssigkeit der Verfahrenskontrotie fautermatische Er
" .ennung von Wirkstoffmangel) . -
- validierte Vorreinigung der zu sterilisierenden Giiter
- = quveridssige biologische Prozedkontroile (das vom Her-
stefler angebotene Madell ist Gegenstana von Kritik)
= Definition von Matetialien, die das Wirkprinzip zu stark
belasten (nicht nur Papier und andere Zelluloseorodukte,
sengern Z, 6. aucn Latexgummi) oder die beschidigt wer-
den (matenaitechaisciie Analysen: Temperaturspninge an
Kontaxtstetien avnschen Metall und Kunststoif}

Es Ist zu hoffen, da@ diese Fragen im Zusammenwirken von
Verfahrenstechnikemn, Werkstoffspezialisten, inspumenten-
herstailern und Hygienikemn gekldrt werden kannen. Dies ist
die Voraussezung cafir. dail ein Verfahrensryp fur die Was-
serstoffperoxid-Plasmasterilisation definiert werden kann,
der den heutigen Anforderungen an eir Staritisationsverfah-
cen standhdlt und daher fir den prakuschen Einsaz emp-
fohien werden kanz.

1 Einleitung ' -

Nie wauchisende Haulighelt und Vielfalt voo instrumen-
0 in der Medizin, cie ganz oder teilweise aus hitze-

druck- und feuchtigkeitsempiindiichen Materialen her-

Prot. Or. Watter Kaller. Dr. £ Lessky, Rypiensinstitut ger trivermtic Wien:
Wihainger Glrzet 18=20, A1 080 Wiesw
“Pelie diaser Arbert wurcew sm i3. Doseh-Synnaminm aon Atal 1993 (& Wisn
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‘W, Koller” ana E. Lessky

Microbiological Test Results
and Observations with an
H,0, Plasma Sterilizer’

Thoumdhydmgmperoﬁdnplasmmﬁﬁzmupn-
cedure recuced spores of Bacillus subtilis, Baciliuy stage-
othermophilus and Aspergillus niger on frosted glass siides
byatteastﬁ.mogumuindlmm"m
when plastic carriers with shallow wells (cups) ware used,
rem:ﬁcnbyntmnﬁlogunitsm:nandﬁmhm
than a quarter of the samples. o

 Reduction in iong, narrow kumina was not investigated.
The operating temperatures recorded by us were cangider-
- ably higher than those indicatad by the manufacrurer. '
‘The test apparatus ran on empty hydrogen peroxide car-
' * “tridges exactly as it did on intact carvidges.
serswaffperoxid-Kasserten wie mit intakten betrisden werden, =~ R T
v . ~ Important paints to be clasified are as follows:

~ Rellability of process controt (automatic recognition of
empry cartridges) '

‘= Vatidated orecieaning of the items o be snriiizid

- Reliabie biological process control (the set provided by
the manufacturer is cpen to criticism)

* - Definition of mateniais that the active pri'ndhle cannog

cope wath (not only paper and other cellulose produces,
but aiso latex rubber et2.). or that are damaged by the
system (materials analyses; temperature differances at
the contact points hetween metal and plastics) .

It is tc be hoped that these points can be clarified with tha
aid of process engineers, materials soecialists, instrument
manufacturers and in‘ection controf experts. This is the pre-
requisite for defining a procedure for hydrogen peroxide
alasma sterilization which meets modern sterilization
standards and can therefore be recommended tor practical

use.

1 Introduction

The increasing use and diversity of medical Inswue
ments made entirely or partly of materials resistant ta
heatl, pressure and moisture brings with it a correspan.

Parts of tIS DIDES warw prEmenisd AL the 13th Cosch Symposium, (5-19
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gestellt sind. ernéhe den Bedarf = aierfiir gesigneren
Vertahiren 2ur Desinfektion und S:zmiisation. Cie Ent-
wicklung von Untersuchungs- uns 3shandtunysinstru-
menten gent rascher vor sich ais cie Eatwickiung zu-
gehdriger Hillsvertahren, z, B. solcner zur Steniisation.
Fortschritte der Medizin durch zs:e instrumenteile
Verfahren werden von der Arztescaait oit schon ais
neuer Stanaard angenommen, wenr: Zie Aulberertungs-
verahren noch keinen adiquaten S:andard erverent ha-
ben (1. 2, 3). Nicht seiten bletben solche Lnvolikom-
menheiten wegen nach fehiender segieitender Qua-
Ut&tssicherung zunichst unerkann: (5). Damic bleibt
aber auch der tatsichliche Nutzen e:nes neuen instru-
mentellen Verfahrens unter dem 2:gegebenen Wert.
Als Belspiel sei die Entwickiung der Endoskopie und
der Aufbereitungsverfahren fir flextle Endoskope an-
gefiihee: Erst nach Vorllegen erdriickender Belege fir
die Ausidsung voa Infektionen durc’: eine Endoskopie
(zittert{n 5. €, 7, B) war man bereit. auch entsprechende
Summen in die Entwiciiung adiquazer Aufhereitungs-
verfahren 2u investieren: dabei hatten Hygienker von
Anfang an betonr. dafl die von Herstellersere ur-
spriagtich als einzig vertretbar bezerchneren Aufberes-

tungsmethoden nicht dem Stand des Wissens encspre-

chen und ungendgend sind.

sind als .ceue Generation® von Sterttisationsverfahrea

fir thermolabile Gilter in der Diskussion. Nledrige Ar.

beitstemperarur. geringes Schidigunssporential fir das

Behandlungsgut, einfache [nstallation (nur Stroman-

schiuf und Wasserstoliperoxid-Spenaer), geringer Ener-

gteverbrauch unadas Fehlen schidlicker Abfallprodukte

(11) sind Vorzige dieser Technoiogie, die sie ru einem
vielversprechenden Kandidaten machen. Wir hatten fir
eine limitierte Untersuchungsserie ein nach diesem Prin-
zip arbeitendes Verfahren zur Verfigung. Hier sollen un-
sere 8efunde vnd Erfahrungen berichtet werden.

2 Material und Methoden
2.1 Untersuchtes Verfahren

Wir verwendeten einen Sterrad-100-Plasmastenlisator
(Johnson & Johnson). Bel ciesem Verfahren wird das
Sterilisiergut :n einer Faradayschen Kammer im Hoch-
vakuum einer durch Hochirequenz angeregten Wasser-
stoffperoxidgas-Atmosphire (Wasserstoffperoxid-
Plasma) ausgeserzt. ;

Die Betrtebsmittel sind elektrischer Strom und H.O..
Dieses wird in Einzel-Ampuilen in eifier Kassette be-
reitgest=ilt: mit einer Kassecte kdnnen 10 Sterilisierzy-
klen gespeist werden. FGr die Behandlung von instru-
menten mut langen ddnnen Lumina werden itberdies so-
genannte Diffusionsverstirker bereitgestaiit: Dles sind
H,Ogefillite Brechampuilen rmut Schaumstoff-Ansatz
zum Auistecken aut dle Einginge besagrer Lurmina. Der-
artige Adapter standen fir unsere Untersuchungen

nicht zur Verfigung.
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ding need for procedures suitable i

ana disinfection aof such msuummtof ‘“W' :tenlinﬁ:
dlagnosis ang treatment are being deveiaped more
rapidly than the corresponding accessories, such as
steriizaton systems. Advances in medicine made
possible by new insTumental techniques are often
adopted by physiclans as a standard befare the tech-
aologies to stentize and disinfect thuse iastruments
have been properiy developed (1, 2. 3). Not uncommon-
ly. such inadequacies are not recognized
becuse of insufficient attention to quallty essurance
mmemm:smamwmaam
new instrumental procedure are not reaiizad to the ex-
tent commoaly declared. The develapment of endo-
scopy and processing technologtes for flaxtble endo-
scopes are & case in polnt. A willingness to (nvest suit-
able sums ot money in the development of adequate hy-
glenic procedures did not become apparent until evi-
dence of Infection assoctated with eadescopy had
amassed (citad in 5, 6, 7. 8) - despita the fact that hy-
glene experrs had insisted fram the begmning that the
steritization techniques adwvocated by the manuface
turers were insuficient and did not cozrrespond to the

-atate of the art. :

Microbicidal procedures using hydrogen peroxide
plasma are being proposed as a ‘new generation’ of pro-
cedures for the sterilization of thermolabile materials.

~ Low workiny temperatures, low risk of damaging the
items to be sterilized. simple lnstallation (all that i=

‘required is a power point and hydrogen peroxtde

supply), low energy corisumption. and lack of harmfut
waste (11) are advantages of the technology that make
{t a promising candidate. We used a procedure based
on this principle for a limited series of tests. Qur results
and observations are reported in this paper.

2 Materials and Methods
1.1 Test procadure

We used the Sterrad 100 plasma sterilizer by Johnsen
& Johnson. n this sterilizatton procedures cthe items o
be stertlized aze placed in 3 Faraday chamber with a
high vacuum and are exposed to a high-{requency hy-
drogen peroxide environment (hydrogen peroxide

plasma).

Tha system runs on etecericity and H,O,. The latter is
supplied In single ampoules in a cartridge. One car
tridge is suificient for 10 sterilization cyctes. Diffusica
adapters are suppiled for the processing of instru.
ments with lony, narrow lumina. These are ampouies
fitled with H,O, with a foam rubber attachment far plac.
'ng in the openings of the lumina. Such adapters were
not availahle for our teats.

QOperating cycie:

1. Vacuum phase (itigh vacuum)

2. Injection phasc (the ampuulc is perforated, H,Ox _

i LT
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Programmablauf:
Yakuumphase (Hochvaiuum)
Injeitionsphase (Ampulle wird pertoriert 4.0, ver-
damptt In den Nutzraum) i

. Diffusionspnase (H,0, vertetlt sich i Nuzzraum und

diffundiert in Hohlriumae)

4. Plasmaphase (H,O-Dampt wird durez Hochfre
quenz zu Plasma angeregr)

S. Beliiftungsphase (Eaergiezufuhr und Vauum wer-
den abgebrochen, Lult stromt ein).

Die Gesamrdauer eines Sterilisierzyidys berrigt ca. 70 min.

Die Schr_me d.a Programmablaufes sind Im Cerit fest
einprogrammiert und k3nnen vom Bediener nicht ver-
indert werden. Auch wir konnten fir den Zweck unse-
rer Untersuchungen keine Variation einzeiner Parame-
ter erreichen. '

22 Verpackungsmararial fir Starilisiergut

Wir verwendeten paplerireie PE.Verbunciolle (luft-
durchiissige PolyesterFolle). .

23 Mikrobiologische Testmethoden

2.3.1 Testsporen

Testkeime d!meéu Sporen von:
Sacitlus subnills var. niger (ATCC 9372)
Racillus subtilis Stammsammiung des Hygiene-insti-

. = Bacillus stearothermmphitus (ATCC 7953) =
- Aspergillus niger (Stammsammiung des Hygene-inst-

tuts)

Ole Bacillus-Sporen wurden ir sterilem 70%igem Ezha-

not, die Pilz-Sporen in stertlem destuiliertem Wasser

suspendiert.

2.3.2 Sporenpraparation
Die Priparation der Bacillus-Sporen erfoigte gemif
DIN 58948.

Die Pilz-Sporen wurden durch Abschwemnmen einer
Plizkultur auf Sabouraud-Agar (SA) mit sterilem destil-
liertern Wasser gewonnen und durch sterilen Baum.
wollbatist filtriert.

2.3.3 Keimrriger

Es wurde mit drei Arten von Keimtragera gearbeitet:

- Polyestergewebe 30 x L0 mm (Verpacikundsiolie)
Polystyro-Platie mit 4 x 6 eingetieften Nipfchen
@ 15 mm), dazu Deckel mit Seliiftungsstagen

- Mattglasscheiben 40 X 40 mm

*.4 Priparation und Konditionierung der Keimtrager

- Beladung mic fe 0.1 m! Sporensuspension, bet Matt-
glasscheiben mit sterilem Glashaken auf einer Kreis-

%she vrnn £a. 25 o vertelle

e\fnpomes in10 the usable space)
> Soace anc difscs i hodow sy 2 T30S
e e
i i ey 8 e

Each sterilization cycie 1asts about 70 minutes.

Thesequenceotm!scychl!mmmedmnmem
llizer and cannot be adjusted by the operator. Neither
was it possible for us to adjust Individuai parameters
for the purpose of our investigations.

2.2 Packaging of the items o ba steriiizad

We used paperiess polyester (PE) wrap (air-permeabie
potyesrer). :

2.3 Microbisiogical test methods

2.3.1 Test spores

The test organisms were spores from

~. Bacillius subdliis var. niger (ATCC 9372) | '

~' Bacttlus subtilfs (stock samples of the Hygiene (nsth
tute : :

- Eaa;lus srearothermophilus (ATCC 7353) :

- Aspergrilus niger (stock samptes of the Hygiene in-
stitute) : v ~ :

The bacillus spores were suspended in sterile 70%
ethanol. The fungal spores were suspended in sterile
distilled water.

1.3.2 Spore preparauan

The bacillus spores were prepared according to DIN
58948.

Thefungal spores were antained by ejutriation of a fun-
gat culrure on Sabouraud agar (SA) using sterile distil.
led water and filtering through sterile cotton gauza.

2.33 Carriers

Three different kinds of carriers were used:

- Polyester fabric strip 30 x 10 mm (wrapper)

- Polystyrene plate with 4 x 6 shallow cup-shaped
wells (@ 15 mm) ana lid with air inlers

- Frostec giass slides 40 x 40 mm

2.3.4 Preparation and canditioning ot the carriers

- Loading with 0.1 m! of spore suspension. For the fro»
sted glass. the suspension was spread onto the sil.
des in a circular area of approximatety 25 mm in dise
meter.

- Drying overnight in an incubatar at a temperature of
52°C. '

~ Wranping in PE.

a4 e A b e 7 < e
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- Trocknen iber Nacht ber 52 °C.m Brutsenrank
~ Verpacien in PE-Verbuandtotie

2.3.5 Sporen-Rickgewinnung nach Exsosition cer
Keimwrager im untarsuchtan Gerit

Die im toigenden beschriebenen ichritte wurden in ef-
ner reinen Werkbank durchgefikre.

FEGewevestreifen: Die Gewebestreifen wurden nach
aseptischem Offnen der Verpaciamg mit steritem Werk-
zeug entnommen, in R3hrehen mit je § mi steriler Ca-
sein-Soya-Soulilon (CSB) iibertragen und anscnileEend
mit Hilfe eines Vortex-Rotationssenittliers 10 < bei ma-
ximaler Undrehungszahl gescinitteit. AnschileBend
wurde | mi Fliasigiceit zur quanttativen Kultur direit
platttere. Flir die Bacitiussporen-Rickkuitur wurde Ca-
sein-Soya-Agar (CSA) und f0r dle Pilzsporen-Rickiauitur
Sabouraud-Agar (SA) verwendet. Ole restiichen 4 ml
wurden ais Anreicherungskuitur 7 Tage bei 33 *C (B.
subtilis und A. niger) oder bet 56 'C (B srearothermo-
philux) bebritet.

PolystyrotVapichen: Ole Niptchen wyeden mit 2 mi CSB
befdilt. und durch R3hren mit einem sterilen Glashaken
wurde der inhalt resuspendiere. 1 =l wurde zuz Direkt-
lultur auspiatdert (s. 0.), | ot wurde in 4 mi CSB oder
Sabouraud-Bouillon Gbertr: und als Anreiche-
rungskultur 7 Tage bet 35 °C (B. sustdis und A. niger)
oder bei 56 °C (B. stearothermophiius) bebritet.

Margtus: Die Mattglas-Keimeriger wurden (n eine ste-
rile Petrischals gelegt, mit 2 mi CS3 diberschichtet und
der Ruckstand mit einem sterilen Glashaken resuspen-
diert. Die Kultivierung ertoigte wie oben angegeben.

.4 Temperaturmessung

Zur Messung der Temperaturen wurden zwei verschie-

dene Veriahren gewihilt:

a) Mit geeichten Maximalthermametern, die zum
Sehutz vor elektromagnerischan Wellen in dino-
wandigen Metallbehbltern untergebracht waren,
wurden die Maxtmaitemperaturen an verschiedenen
Positionen in der Kammer registrtert. Dabei wurden
die MeBwerte bei drei verschiedenen Beladungszu-
stinden ernobes: Kammer leer, Kammer mit 1 kg

Tabelle 1 Maximaitamperaturen (* €} Bei unterschiedlicher Se-
ladung

| MeBpositian “seladungizumtand
fowr 1 kg kg

| nehe Hintarwand H a 61 55

I aghe Minterwand re 2 62 5% -

I’ nahe Vorderwana Ui a3 61 58

| aahe Vorderwand re 65 53 S5

! Zuetrum s3 58 4

' ™= a3 &7

i contacs with dtamber wail

1.3.5 Spore recovery after exposure of .
test apparatus the caniers in the

The steps described below were
Ry pertormed on a see

PE smips The fabric strips were unpacked aseptica
remw:dwmxsteﬂeinsmmh’udundmm
mmsm‘ﬂmtm;gymmu
and then vortexed lor 10 ¢ a2 maximum speed. 1 mi

thﬂdwnmusmadlwmml

Polystyrene piate: Each cup-shaped filled wi
ano(mnemmmn;mb,“;
with a sterile pipette. 1 mi was removed for tmmadh
culturing (see above), 1 ml was transterred to 4 mi
TSB or Saboursud broth and Incubated as an enric
ment culturefor 7 days at 35 *C (8. suotitis and A. i

» or58°C (B mandzmami(m).

:‘ m .m ) ! ,,M.:,‘,“,
~ placed in a sterile Petrt dish and coated with 2 mi

TSB. The residus was resuspended with a sterile gla
rod. Cdmgwa;-udacﬁbed above. :
2.4 Temperature measurement .

Two different procedures were used to measure t
temperatures: .

a) Calibrated maximum thermometers. which we

kept in thin-walled metal containers to protect the
{rom eiectromagnetic waves, were used to record tl
maximum temperatures at various posittons tn tl
chamber. Readings were taken in three ioading si
tes: chamber empty, chamber coataining | kg of p
lyethyiene items. and chamber containing 3 kg of p
lyathylene items (stoppers of identical maks). T1
objects were placed in thin-walled aluminium tubs

b) Recording of temperature profile with EBI da
loggers and EBIPC soitware (Ebro Elekmanik). T
data loggers are hermetically seaied In diskehap:
stainiess steel capsules.

Table 1 Maximum mﬁpmturu ¢ © with differant foads

P

Messurament site Loading statm
Emoty  Vkg 3ia
' Nasr porarior wail (iefy) 63 61 [1 4
Near portarior wail {right) 62 62 s
Near anterior wall (leftd 63 (4] 38
| Near anterice wall (right) ¢ 58
| Certer a1 & 4
7 &

T P T £ T P

. Komakt 2ur Xammerwang
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und Kammer mit 3 kg Polyithylersegenstinden
(Stopsein e:ner Bauart) befilit. Das Beadungsmate-
rial war in dirawandigen Alumuniumwannen unter-
gebrache.

Tabelle 2 Sporenceiartung car Keimwiger (i
--agen OG1y KBEKainv

Tahie 2 Soore contamingtion ot the camers (leg,, clulcarvien

b) Registrierung des Temperaturveriauies mit EBI-Da- [ . YW“T“’"‘"’"”"

tenioggern und dem Programm EBIPC (Ebro &iek- ém“' 8. subtilisv.n. 8. bt 8. staaroth, A niger

tronik). Die genrannten Dateniogger s=id in diskus- ” :

{3rmigen Edelstanikapsein hermeusc: cingeschlos- lnnldun

sen. ‘ | Paszic wets 8o 6.0-5.0 65 caun
2.5 Versuchsablauf et 8078 & 55 i
:;T)h PriiflSufen zur Temperaturmessung wurden etwa not tastedt

urchginge mit Keimtrigem gefahres ungd mukro- Macigias 343
bioloelschmevguuim Dab:u wurdag das Cerit auch mir | Froswd gless e 0 i
gebrauchten Wassarstoffperoxid-Kasseten pefiillt und
in Betried genommen.
2.5 Test design

3 Ergebnisse
3.1 Temperatwrmessungen

Die Ergecnisse der Maximaltemperatrmessungen
sind in Tabelle ) dargestelit: Bei leerer, m2 1 kg und mit
3 kg beladener Kammer wurden Temperaturen zwi-

schen 62 und 75 °C, 60 una 69 °C bzw. 5¢ uad 67 °C re-

gistriert. Dle jeweiis niedrigsten Werte wurden im Zen-
trum der Kammer, die hdchsten bei Komtakt mit der
Kammerwand gemessen. Letzigenannte :agen 7.6 bis
11.8 °C {iber dem Durchschnittswert der anderer: Posi-

‘tionen.

. Die mut Datenloggern registrierten Temperaturen er-

reichten und Gbersehritten jeweils die S0-"C-Marke. Ty-
pischerweise wurden in der Hochirequenzphase im
Zentrum der Kammer 50 *C Hir etwa 3 min dberscarit-
ten und als Gipfelwert 52 *C erreicht. an der hinteren
Kammerwand hingegen lag der Giplelwert fir etwa (0
min Dauer bei 53 °C: hier war die 50-."C-Marke !ir die
Dauer von etwa 20 min Gbherschritten.

3.2 Mikrobiolagische 8efunde
In den Tabellen 2 bis § sind die Befunde aus zahireichen
Elnzelexperimenten zusasamengefat. Tabelle 2 gibt

die den dargesteliten Ergebnissen zugrundeliegenden
Sporenpelastungen wieder. in den Tabellea 3 bis 5 ist

After preliminary runs to record the temperature, ap-

' proximately 20 cycies were run with different carriers

and microbiologically evaluated. For experimental pur-
poses. the sterilizer was also ioaded and operated with

- empty hydrogen pelunde cartridges. '

3 Resuits = :
. 3.1 Temperature racordings

The results of maximum temperature recnrdm’m

' presented in Table |. Temperatures ranging trom 62 to

75 °C. 60 to 69 °C and 54 to 67 °C were recorded with
the chamber empty, with a 1 kg load, and with a 3 kg
load. respectively. The luwest readings were obtained
from the center of the ckamber and the highest at
points of contact with the walils of the chamber. The
latter temperatures were 7.5 to 11.8 °C above the mean
values for the other pasitions.

The temperatures recorded by the data loggers
reached and exceeded the 50 °C mark. i most cases,
temperatures rase abave 50 °C during the high-ive-
quency phase in the center of the chamber and re.
mained atthis level for about § min: a temperature peak
of 52 °C was recorded here. At the back wall of the
chamber, a peak level of 59 *C was maintained for
around 10 min. ang the S0 *C mark was exceeded for
about 20 min.

Tabeile 3 Ergebanse aer Spmn-ammngwu:umn mit Polystyrot-Niofchen —
Table 3 Results Of the spare inactivation tests with poiystyrol wedls
| Yestkeim becbacrete Reduknanen (log,,-Stufen) n Keimtriger

Test organism Reducrians oaserved (10g,, UNIt) _ n carrrers
| 3 4 5 6 7 8 $
| B. subtilis (Hyg. inst} - - - Ix I 3Ix 12x 2 :

B. subtilis vas. nig. - - 12x - - - - 12

B. stearothermonnius Ix - 2x 6x - - - 31

P IS . - — 20
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Tabelie 4 Ergebnitsa aer Sooren-antczungsversucne mr PE-Gewsgestraten
Table ¢ Resuits of Wia 1DGre iINacTVanon tits with PE fabric stnos

Tastkmim

beovacntete Reduktionen (log,y-Stufen)

Teszorganam Reductians aoservea (fog , urus) " :.m
i ' 3 e S 6 7 8 9
| B subdis (Hyg. tnset - - 1 Bx - - - -

8. subutis var. nig, - - - 12 Bx - - Ty
' 8. stsarothermonvitus - - - [ ¥ - - - s
angegeben. wie oft bei welchem Testkeim und bei wei- 1.2 Microbiciogical resutts

cher Keimtrigerarr weiche Hhe der Keimreduktion
beobachtet wurde. Tabelle 3 zeigs ate Ergebrisse nut
Kunststoi{-Nipichen. Tabelle ¢ die nit PEGewebestres-
fenund Tabelle S die mit Mattgtasscaeibchen als Keim-
trigern. Bet 17 von 64 (26,5%) Kuns=tatf-Napichen, bei
cinem von 37 (2,7%) und bei keinem von 20 Matrglas-
Kelmtragern wurden Kelmredukticnen < 6.0 log-Stufen
beobachtet. "

3.3 Prabezykien mit gebrauchten Wasserstoffpercxid-
Es gelang mehrmais. Sterilisationszykien mit leeren’
Wasssrstolffperoxid-Kassetten zu fahren. ohne dab
dlese Fehifunktion von der Steuerung des Gerites er-

kannt und ein Fehler am Ausdruck des Schretbers dar-

gestelit wurde. :

4 Diskussion

Die hier dargesteiiten mikrobiciogiscnen Bafunde
konnten nur ein uavoilstindiges 8lld Gber die Lei-
stungsfihigkeit des gepriften Verfanrens geben. inshe-
sondere war es nicht moglich. in die Programmsteue-
rung einzugreifen und die Parameter des Verfahrens zu
variieren. Aulerdem exstieren [ir dieses Verfahren
noch keine aligemein alzeptierten Vereinbarungen
Ober Auswahi, Vorbereitung und Appiikation der Test-
keime. Eines unserer Anliegen war daher. unterschied-
iche Testsporen aut unterschisdiichen Kelmerigemim
Paralielansarz zu prifen.

.Dle Muster der Empfindlichkeiten car einzeinen Spo-
renarten waren bei Kunststoit-Nipichen und Mattgias
dhnlich (Tabellen 3 una 5), wenngieich sie bei Mattglas

The resuits of numerous individyal experiments

collated in Tables 2 t0 5. Table 2 gives the spore cor
tamination for the respective resuits. Tables 3 ta .
show the laveis of reduction for each test organism an:
carrier type. The resuits for the plastic wells are give:
in Table 3, lor the PE strins in Table 4, and for th
{rosted glass slides in Table S. Reductions of the micro
bial count by < 6.0 log units were seen tn 17 of &
(26.5%) plastic weils, one of 37 (2.7%) PE strips. ant
zero out of 20 frosted glass slides. B

33 Trhqﬁnwﬂlm.&dhm“
m_amuotmsmm«mummmhy

'drogen peroxide cartridges, the controis of the appar

Tabelie 5 Ergebrisse der Sporen-Aptdtungsversuche mr Mattglas

Table 3 Resuits of tha spare inacnvaﬁga“m with frostea glass

atus did not recognize the maifunction and the re
corder did not indicate that anything was amiss.

4 Discussion

The data reported here do not provide a complete pic.
ture of the pericrmance of the tested procedure. in par-
ticular, it was not possible to change the programming
of the apparatus and modify selected paramaters.
Moreover, there are no generally accepted guidelines
{orthe selection. preparation and appiication of test or-
gagisms. One of our aims was, therefore, 10 taat differ-
ent test spores on different carriers in a paralle] ap-

proach.

The sensitivity profile ot the individual spare species
was similar when exposed in plastic wells and in
trosted glass (Tables 3 and 5), although slightly higher
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. ; -Stufar n Keinvoiger
Testkwim begbacitety Reduktionen (lag,y°Stu r
Testorganim Reducrions oserved (108, urits) p Gammers
'y s s 7 a ]

8. subtilis (Hyg. inse.) - - - - - - Sx 5

1. subrilis var. nig. - - - - - S - L4

8. stearathermaahilus - - - 187 4x - - 5

A. niger - - - - 1% 4% - 5




in Richtuag héherer Keimzani-Redukuczen verscno-
ben waren. Aut PEGewede (Tabelle 4) waren dagegen
die Unterscniede zwischen den untersucztan Sporen-
arten nicht sehr grog.

Sporen von 8. stegrothermaptilus erwiesea sich als die
resistentesten der gepriften Sporenpriparationen.
und Sporen von A niger erwiesen sich ais hnlich resr
stent gegentber dem Verfahren wie die ven 8. subsifis.
Ahnliche Befunde berichteten auch Peters und Bor-
chers (10). Es mug daher gefragt werces, warum in
dem vom Hersteler des Veriahrens angssotenen Bioin-
dikatarSet (Bl Test Pack) B. subtitis ais Testkeim ver
wendet wird. Auch dle Konfelrlonierung Qieses Sets ist
zu kritisieren: Der Hersteller arqumentlerz, daf durch
die gewdhits Konfiguration und die Zwischenschaltung
cines [atexpummistickes (Latexgummt inaktiviert
Peroxidplasma offenbar deutlich!) einem iangen Endo-
skop-Kanai vergieichbare, schwierige Bedingungen ge-
geben sind. Diese Sichtweise wird voa uns und von an-
deren Untersuchern (3, 10, 12) nicht getssie.

la Kunststolfnlpfchen angeboten waren die Sporen
deutlich schwerer abzutdten als auf Matrgias ausge-
breitet (26.5% vy. 0% Reduktionen < 6,0 log-Stufen). Of-
fenbar wird die Zuverifssigkeitsgrenze des Verfahrens

|, libersctritten, wens die Testkeime nicht cehr in einer
. dlinnen, einschichtigen Lage voriiegen, sondern auf der

Oberiliche und in thren Vertiefungen aggregiert sind.
Zu beachten ist, daf bei unseren Versuczan keinertei
Belastungen der Sporensuspensionen m Slut ader Se-

I rum verwendet wurden. wie dies von anderen Untersu-

chern vorgeschiagen wird (9, 10). Olfenbar genigt be-
reits die durch die Testsporen bereitgestalite Bio-
masse, uwa in soichen Situationen das Cherieben eine
zeiner individuen zu erméglichen. Wir erkilren diese
Beobachtungen mit der geringen Belastbarkeit des
Wirkprinzips (Wasserstoffperoxid una seine Radikale
werden durch orsanische Begleitstoffe stark gezehrr)
und durch die geringe Wirkstotfreserve bet diesem Ver-
fahren (im Hochvakuum ist nur ein sehr gennger Wirk-
stoffpoal verfigbar; 9). Sehr gute mechanische Entler-
aung von Verschmutzungen ist daher eine uaverzicht-
bare Voraussetzung fir den Einsatz dieses Verfahrens
(9). Fiir Vertahren die &hnlich wie dieses nur nach op-
tumaler Reinigung akzeptable Sicherheit der Sterilisati-
onswirkung bieten, wird die Vorreinigung mit einex va-
lidierten Reinigungsverfahren vorausgesett (4). ,

Die von uns gemessenen Termperaturen {ggen deutich
{iber den vom Hersteller angegebenen Prozetempers-
turen. Bel unseren Messungen waren Metallteile anwe-
send. diedurch die Hochirequenz erwirmt werden. Wir
haben diese Anordnung bewudt aus folgenden Crin-
den in Kauf genommen: Das Verfahren wird tr hitzeia.
Yiles [nstrumentarium und Insbesonders iir fiexible
Endoskape empfohien. (nsbesondere letzigenannte

sind komnle; ml_:_am und mtttahen unverzichtbare

Py

reductions in microbial counts were seen ior frogred
glass. By contrast. for the PE fabric strips. the resyits

with respect to the various spare species dig differ
greatly (see Table 4). nat

@10.12).

When pu;ac weils were used as carrters, theipu.'
were much harder to eliminate than when spresd oo
[rosted glass (2 % reductions « 6.0

for this is the lack of robustness of the active principle
(hydrogen peroxide and its radicals react strongly with
organic substances), and the low acttve substancs re-
serves in this technology (the active substance pool ts
very smail Indeed in a high vacuum: 9). Therefore, opti-
mal mechanical removal of contaminated matter is an
absolute prerequisite to the use of this procedure (3).
Procedures such as this that offer an acceptable stan-
dard of microbiological saiety only after optimum
cleaning of the contaminated items require a validated
cleaning procedure (4).

The temperatures recorded by us were far above thase
indicated by the manufacturer. Qur experiments in-
cluded metal parrs that are heated by appiying high fre.
quency waves. We chese this sec-up for carefully
thought-out reasons: the procedure is recommended
(or thermolabile instrurnents, flexible endoscopes in

particular. The latter are of complex composition and

always contain cerrain metal parts. Our readings are
thereiore probably much more realistic than those ob-
tained using the meeal{ree temperature sensors which
are recommended by the manufacturer and which were
unavailable to us. Another matter that requires invest-
gatson is the etfect of different leveis of wanming on the
points of contact between metal and plastic. These
paints are unavoidable in such instruments and are
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iitit naherkommen als soiche, Dei ceten das vom Her-

- steller empfohlene und {dr uns me= grettbare Verfah-

ren mit metalifreien Temperatursensoren eingeserzt
wird. Es mud iberdies gefragt weraen. wie sich die dif-
‘erente Erwirmung aut dle Kontamstellen zwischen
Metall ung Kunststoff auswirke, die in soichen [ostru-
menten unvermeidlich smd und fiiz Sie Funktion des in-
struments kritische Stellen betretfen.

Daf das untersuchte Gerit mit gesrauchten. jeeren
Wasserstoifperoxid-Kassetten wie auct mit Intakten be-
trieben werden kaante, ist ais fataler Manget einzustu-
‘e Auf eine automatische Erkenmmg von Wirkstofl-
manget und eine solortige Realzion der Geritesteue-
rung ikana unter keinen Umstinden verzichtet werden.

Nachdem vom Hersteller Latexgusrni als .Erschwer-
nis* Im Bloindikatorsystem eingesezx wird., mus ge-
Irage werden, wie dis Sterilisation von anderen Weich-
gumsmsteilen (2. B. flextble Ummanteiungen der Spitzen
(lexibler Endoskope) r3 sehenist.

Aufgrund unserer Beobadmmgm (meqrere exponisrte

- Polyamid-Kabelblader waren nach 29 Sterilisationszy- -

kien 30 brichig, dafl sie spontan zerorachen) soilten
mig allen fir dieses Sterilisationsverishren vorgesehe-

- nen medizizischen Geriten umfangresche und kunst-
stofftechnisch orientierte Materialtests durchgefihrt
- werden. um unitebsamen Uberraschungen vorzubeu-

- Das uns zur Verfiigung stehende 2snutzerhandbuch

enthieit kaum Angaben Gber Auswanl des Sterilisier-
gutes und emptohlene Chargengrd®en. uber die Ver-
packung des Stertlislergutes und dber die richtge Be-
schickung des Gerites. Um im’ praktischen Betrieb
MiBverstindnisse auszuschaiten. erscheinen genauere
Definitiogen dar genannten Paramerer unter Berick-
sichtiqung aller im praktischen Betrieb auftretenden
Probleme erfordertich (1, 2, 3, 4).

5 SchiuBfclgerungen
Aufgrund unserer Auselnanderseczung mit diesem

neuen Verfahren und aufgrund unserer Exper:mente er-
gaben sich einige grundlegende Fragen, die der Klirung -

bediirfen. Es ist zu holfen, daf diese Fragen im Zusam-
menwirken von Verfahrenstechnikern., Werkstoffspe-
zialisten. [nstrumentenhersteilern und Hygientkern ge-
kiirt werden k3anes. Dies ist die Voraussetzung dafilr.
daR ein Verfahrenstyp fiir die Wasserstofiperoxid-Plas-
masterilisation definiert werden kann. der den heuti-
gen Anforderungen an ein Sterilisationsverfahren
stanahilt und daher fiir den praktisciyens Einsarz emp-
fohlen werden kann.

Aus human- und dkotoxikologischer Sicht wire dieser
Verfahrenstyp eine begrd werte Alternative zu der-

The tactthat the test apparatus can on nydro:
empty Lo
peroxide canridges esactly as it did on intact ones is .

“fatal deficiency. Automatic recognition of the tack o

sullicient quanaties of the acrive substance
mediate failsale shutdown are amnm:uym

cycles that they simply (el apart) suggest that am
medical devices and Instruments planned for stertits
ation with this process should be first subjected t¢
comprehensive materials stress tesung, focusing or
plastics compatibility, in orderto avold unpleasant sur

The operating manual supplied lacked adaquate in
formatiog o the selection of suitable objects for ster
lization and secommended barch sizes. packaging o
the icems to be sterilizad, and how to load the appa
ratus. (n order to eliminate r ' in day

. to-day use of the system. there is a need for more pre

cise definitions of the stated parameters and mocs at

tention to problems iikely to ccenur in practice.

5 Conclusions

Qur investigations into this new sterilizing procedury
and the results of our experiments with Sterrud reves
led a number of potnts which nced clarification. it Is tc
be hoped that, once chese points have been clarifiec
with the aid of process engiaeers. materials specialists
instrument manufacturers aod (nfection comtrol
perts. a technology fur hydrogen peroxide plasma ste
rilization can be defined that meets modern steriliza
tion standards and can be recommended for practica
use.

From the point of view of human and envirormmental tq
xicology, a technology that meets these requirement:
would be a very weicome aiternative to current proce
dures. However - going by the current state cf know
ledge — hydrogen peroxide plasma sterilizatton wil
only add to but not repiace conventicnal gas steritiza
tion technigues (ethylene oxide and formaidetyde lov
pressure steam steritization). '
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“n the Efficacy and Val idation of H,0, Plasma Stérilisers’

M. Bornefl, U. Firber, H. Getreuer, P. Heeg, U. JunghannG, R. Madtmerth. P. Mecke, J. Peters
(Guests: Christiane Holler, Heike Martiny)

Hydrogen peroxide plasma
sterifisers are increasingly be-
ing employed for the steril-
isation of thermo-labile med-
ical instruments.

In this process, hydrogen
peroxide 58% is evaporated
21 2 negative pressure of 0.4
mbar and room tempera-
ture. After a considerably
bng diffusion phase of 50
min (prassure range B to 18.7
mbar) and another
of the pressure t0 0.7 mbar,
s plasma is formed by
eans of high frequency in

che mega herzz range. The
radicais of the hydrogen
peroxide plasma are sup-
posed to form bonds with
the functional building
biocks of microbial cells, ex-
ertung s fatal effect on these
microorganisms.
With this process, the cycle
time is 75 min at a operating
temperature below 50 °C.
Based on current knowiedge,
there is no likelihood of
hazardous residues remain-
ing on the sterile supplies or
in the air of the work ares.

in the absence of an approp-
riate test standard, no type
test, as stipulated by the
Madical Standardisation
Committee for conventionat
medical sterilisers, has been
conducted so far.
In situ efficacy testing is gen-
enally performed with
bioiogical indicators supplied
v the manufacturer of the

! Firm matement of the working group “Gas Plauma Stavilisation® (chaired by P.
Maocke, Libeck] of the sechon “Steniisation® of the German Sooety for
Hompitat Wygiene (DGKH) on the sccasion of the 2nd Congren of the DGKM,

Novernber 15-20, 1990 in Erturt

No. 6

sterilisation system. Initially
they contained spores of 8.
pumilus, and, of late, those
of 8. subtilis. Amenican and
Gcmunmd:shawub

are considersbly more resis-
tant. The test spores men-
tioned above thetefore do
notmmtober&pmenu-

tive for ail human patho-

gens.

in 1992, this critical situation -

gave rise to the formation of

the working group "Gas Plas-

ma Sterilisation” within the
framework of the sterilisa-
tion section of the German
Society for Hospital Hygiene
(DGKH). its goai was 1o

evaiuate the sterilisation per-

formance of this process on
the basis of the existing
documentary sources, while
taking due account of any
test resuits obtained by the
group itself, and in the event
of recognition of its suitabili-
1y, to elaborate recommen-
dations for the biological ef-
ficacy testing.

As » general basis for the of-
ficacy of medical sterilisation
processes, the working
group refers to the sterilisa-
tion safety of 10™%, which is
being aspired to as a Euro-
pean standard, and to the
factthat delicate instru-
ments, even when meticul-
ously desned, can still con-
tain approx. 10 microbial

pathogens.

e Ay i

Tharefore, » medical steril-
isation process, irrespective
ofismmbia‘dalpﬂndp&e.
must be sbie to reduce the
aumber of the most resistant
human pathogens by st least

8iog levels. This also applies
whcntheylodg:hlonglnd
- narrow lumen medical in
struments, enclosed in pro-
tective soil residues, which as
s well known aannot be

Neither does the active prin-
ciple produce a sufficdent
deep action when using pa-
tent narrow lumen instru-

ments. The channeis of these

instrumens must be steril-
ised with so-cailed diffusion
accelerators. Thess are small

elastic plastic tubes, contain. A

ing a breakable glass am-
poule with 50% hydrogen
peroxide.

They mustbe inserted ina
gas-tight mannerwvia & con.

nector into the respective
channiel entrances and the
plass ampoule must be bro-
_ken immediately bafore
starting the steriliser.

if the gas-tight connection is
successtul, sdditional hydro-
gen peroxide vapar from
0.17 mi highly concentrated
hydrogen peroxide will form
during the vacuum phase,
being forced to fill up the

where the connector sdheres
gas-tight to the channel wall
annot be reached by the ac-
tive prindple of the process.
if the connection between
diffusion atcelerator (con-

’ nmr)mdermyumm

hollow instrument is not gas-
tught (for example due to
locsening when packing and
ransporting the instru-
ments), the hydrogen perox.
ide vapor additionally
formed does not, asin-
tended, only fill up the re-
spective channel systems, but
will aiso spread to the evacu-
ated sterilisation chamber,
thus rendering basically no
effect

The working group is unani-
emously of the opinion that

- this diffusion accelerator

aannot be sccepted, because
even when handied most
carsfully it still entails a con-
siderable safety risk for
sterilisation.
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NEWS UPDATE

On the Val:dat:on of the Sterrad® Plasma Sterilisation Process

Notlflcatloﬁ of the Board of Directors of the German Society for Hospital Hygiene (DGKH)} on the Current
State of Knowledge about the Validation of the Sterrad® Plasma Sterilisation Process with the Resultant
Conclusions for Practical Application’

Due to the statement recent-
ly published in “Manage-
ment & Krankenhaus” (1994,
6), the survey by Geiss et al.
in the journal "Zentralsteril-
isation — Central Service”
{1994; 4: 263--269) as well as
to the expert report by G.
Salrein and M. Scherer,

_ Freiburg, on the economical
and practical investigations
of the Sterrad® plasma steril-

isation, several gueries on
the practical applicability of
the sterilisation system were
addressed to the board of di-
rectors of the German Socie-
ty for Hospital Hygiene
(DGKH). In October 1993, the
Federal Ministry far Health,
Sports and Consumer Protec-
tion informed the state
health management au-
thorities in Austria about
problems with the sterilisa-

. tion system and advised
against the installation of
plasma sterilisers pending
clarification of all questions.

We therefore deem it neces-

sary to give a review of the
current situation and of the
attempts being made for val-
idating the Sterrad® process.

Following the two state-
ments by the DGKH board of
directars published in “Hy-
giene und Medizin” (cf.

1992; 17: 452 and 1993; 18:
184, and Zentr Steril 1993;

1: 6 and 1; 90, respectively),
the publication by P. Mecke
on the findings on the per-
formance limitations of the
mentioned process (Hyg Med
1992; 17: 537-543) and an
empirical reportby H.
Rudolph et al. (Zentr Steril
1993; 1: 179-192), the DGKH
board of directors convened
a meeting on September 9,
1993 in Hannover on the sub-
ject “Efficacy and Tolerance
of the Hydrogen Peroxide
Plasma Sterilisation Process”.

Apart from the members of
the board of directors of the
DGKH and representatives
from Johnson & Johnson in

Germany as well as from the
research centre in Arlington/
Texas, this meeting was at-
tended by H. Rudolph in his
capacity of chairman of the
German-speaking working
group for hospital hygiene as
well as by other expert rep-
resentatives from Germany,
Austria and Switzerland.
Without focusing on the de-
tails of the discussion, the
conclusion drawn was that
“plasma sterilisation” cannot
be viewed at present as an
alternative 1o ethylene oxide
(EO) and formaldehyde (FA)
sterilisation, particularly be-
cause of the restrictive de-
sign features of certain pro-
ducts to be sterilised und the
still unclarified issues of vali-
dation, challenge, test indi-
cators and test pieces. The
sterilisation system must not

be employed in the hospital -

setting before adequate vali-
dation. A further conclusion
drawn unanimously was that
after testing the perform-
ance capabilities of the sys-
tem while sterilising diffe-
rent products, a detailed
positive and negative list of
the articles and materials
lending themselves or not
lending themselves to this
process would have to be
compiled,
Already back in 1992, the
working group "Gas Plasma
Sterilisation” was founded
within the sterilisation sec-
tion of the DGKH in order to
clarify the further validation
measures needed before in-
troducing the process for
practical use, This working
group published an assess-
ment of the procedure in Hy-
giene und Medizin (1993;
18: 5574558), focusing on
the following points:

~ The general basis for
evaluating the efficacy of

a new sterilisation process,

will be the sterilisation
safety of at least 1075,
which is being aspired to
as a European standard.

~ Based on the investigation
findings presented so far,
the stipulated sterilisation
safety of 10~% appears to
be assured by the process,
if the test organisms are to
be found on smooth sur-
faces that can be easily ac-
cessed by the active princi-
ple. In the presence of
blood and crystallised min-
erals or when using nar-
row non-patent lumen in-
struments, the process is
not sufficiently efficacious.

-~ Neither does the active
principle generate a suffi-
ciently deep action when -
using patent narrow lu-
men instruments. There-
fore the manufacturer re-
commends employing the
so-called "diffusion ac-
celerator”. The working
group members unanim-
ously agreed that this dif-
fusion accelerator cannot
be accepted, because even
when handled with ut-
most care it still entails a
considerable safety risk for
sterilisation, e.g. safety
with regard to emptying,
efficacy of plasma on the
contact surfaces of diffu-
sion accelerator and pro-
ducts to be sterilised.

~ The biological test system
currently made available
by Johnson & Johnson is’
not acceptable, neither
with respect to the indi-
cators {chemical, biologi-
cal) nor to the absence of
simulation of the actual
conditions prevailing in
long narrow lumen in-
struments.

The conclusion drawn was
that the process was interest-
ing and worthy of develop-
ment. However, medical ap-
plication of the process can
only be contemplated after
its efficacy has been demon-
strated under field condi-
tions, after an acceptable
biological test standard has
been formulated and the

manufacturer has compiled a
catalogue of those items for
which the proof that they
can be reliably sterilised ac-
cording to the process refer-
red to has been furnished on
the basis of sufficient valida-
tion.

In an investigative report on
“Economical and Practical In-
vastigations of the Sterrad®
Plasma Sterilisation”, pub-
lished on November 11,
1993, by the authors G. Sai-
rein, infection control nurse,
and M. Scherrer, hospital
ecologist, from the Depart-
ment for Environmental
Medicine arid Hospital Hy-
giene of Freiburg University,
Prof. F. D. Daschner attests in
the summary that this pro-
cess "is ideal for use in hospi-
tals for sterilisation of heat-
sensitive materials, Even an-
giographic and heart cathe-
ters can be reprocessed easily
and reliably with the pro-
cess”, For the reasons given

below, these far-reaching
observations cannot, how-
ever, be inferred from the
findings presented, in view
of current knowledge for as-
sessing the sterilisation safe-
ty of a new process:




. To prove the suitability of

a gas sterilisation process
(formaldehyde) in Ger-
many, it is stipulated that,
in compliance with DIN
58948, Part 13, the test
pathogens be inactivated
in a receptacie at the end
of a 1.5 meter long tube
with a 2 mm inner diame-
ter. Proof has been ob-
tained that these stipula-
tions are fulfilled by cer-
tain formaldehyde and
ethylene oxide sterilisa-
tion processes. To pre-
clude any penetration in:
these processes, this effi-
cacy was also substanti-
ated in Germany for ethy-
lene oxide and formal-
dehyde using similar mod-
els, however, made of
metal. If, despite the
grievous methodical
drawbacks outlined
above, a process is hailed
in the cited expert report
as a "new, revolutionary
sterilisation process”,
which is “ideal for use in
hospitals for sterilisation
of heat-sensitive mate-
rials”, this claim cannot be
corroborated.

At the request of Johnson &
Johnson inc., the board of di-
rectors’ members Prof. Kram-
er and Prof. Werner as well
as Prof. Mecke as head of the
working group “Gas Plasma
Sterilisation” of the section
“Sterilisation” of the DGKH
participated in a detailed
problem discussion in the
ASP sterilisation centre of
Johnson & fohnson in irvine
(USA), focusing on the per-
formance capabilities and
the current performance
limitations of the Sterrad’
process.

They also addressed the topic
of which investigations are
deemied indispensable forin-
troduction of the process for
practical application as well
as the pertinent methodical
fundamentals. )

Johnson & Johnson made the
following important declara-
tions, characterising the im-
peratives targeted by the
process development:

- Sterilisation at low tem-
peratures,

-~ No adverse environmerital
impact due to the process,

- No residue problems ow-
ing to toxic residues of the
sterilant in the item
sterilised,

- With respect to the impli-
cations for ethylene oxide
(EO), Johnson & Johnson
stated “Not necessary to
replace EO. Only necessary
to solve problems which
alternatives did not ad-
dress (implies displace-
ment of EO in some appli-
cations)”. Formaldehyde
was not discussed in this
context, as it is not com-
mon in the USA.

The ensuing discussion dealt
in depth with the findings of
the microbiolagical investi-
gations presented by John-
son & Johnson. The most im-
portant isdtes still unresol-
ved can be summarised as
follows: ‘

-~ The comparative investi-
gations conducted on the
assessment of resistance
development of various
pathogen species have li-
mited relevancy, owing to

e

In further investigations,
the influence of water of
standard hardness and of
various challenges such as
dried native human blood
in different layer thickness
should be analysed con-
currefitly, since this would
permit one to ascertain
the safety of the process
also when facing these
challeriges. If such findings
are not preserited, a stan-
dardised and validated
cleaning process with pro-
cess documentation would
have to be employed.

The process or the process
steps should be validated
quantitatively.

the com rcially'av lab!e
bhster: ?%W

NEWS UPDATE

— lohnson & Johnson has
realised that the teststipu-
lations of DIN 58948, Part
13, for a gas sterilisation
process cannot be fulfilled
with the Sterrad® plasma
sterilisation process due to
system drawbacks. Also for
this reason, the system
cannot be declared an al-
ternative to ethylene ox-
ide and formaldehyde pro-
cesses. At the same time,
the application limitations
must be defined, i.e. - as
already noted during the
round-table discussion in
Hannover - a detailed
positive and a negative list
of instruments that can or
cannot be sterilised by the:
Sterrad® process is
needed.

Johnson & Johnson agreed
to continue systematically
working on the existing
drawbacks, 50 as to be able
in this manner to define the
application possibilities and
performance limitations as a
prerequisite for employing
the process in the medical
setting.

Based on current knowledge,
the board of directors of the
DGKH cannot endorse the
claim alleging that “plasma
sterilisation is an alternative
to other sterilisation proces-
ses”, thus implying that the
latter can be replaced in a
general manner. On the con-
trary, only a specific, detailed
description of the respective
instruments can enable ane
to decide with which steril-
isation process they can be
sterilised, Therefore, a de-
tailed positive and a nega-
tive list must be compiled, a
task for which the manufac-
turer is responsible. =

(Prof. Dr. med. habil.

- A.Kramer,

First Chairman of the DGKH)

' German text originally published in
Hyg Med 1995; 20: 52-53.
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Comparison of health care-based
sterilization technologies:
Safety, efficacy, and economics

James R. MacNeal, BA, HMS/I, NREMT
Zorach (Zory) R. Glaser, PhD, MPH, CSPDM

Abstract .

‘The authors examined recent sci-
entific and technical data pertaining
to the efficacy and effectiveness of a
variety of sterilizing technologies
presently available within health care
facilities. They discuss safety, toxicol-
ogy, and hazardous materials—
aspects of each of the technologies.
Also discussed is the critical impor-
tance of sterilization cycle develop-
ment, sterility assurance, process

validation, and the feasibility of their -

development within the health care
setting by health care staff. Economic
aspects (i.e., operating costs and cap-
ital investment) and benefits are eval-
uated in a2 novel way that emphasizes
objectivity by demonstrating ways to
minimize bias in the analysis and in
reviewing the effectiveness and eco-
nomic data that exist for each tech-
nology. Lastly, the authors combine
the various facets of safety, efficacy and
economics to assist in the selection of
sterilizing technology that provides the
highest equal standard of care for all
patients, at the optimal cost. Through-
out this paper, several common steril-
izing technology misconceptions are
identified and addressed.

introduction

In order to evaluate and compare
sterilizing technologies objectively,
one must first acknowtedge the actu-
al condition of medical devices,
equipment, instruments, supplies,
and other related items as they are

received within the health care facili-
ty for reprocessing following use by,
on, or in a patient. Such items are
“dirty,” often contaminated with
potentially infectious organisms
and often wet or moist. The items to
be sterilized may have contacted
proteins and other organic matter,
such as pus and/or fecal matter; may
be coated with lubricant or encrust-
ed with inorganic material, minerals
and salt, or dried blood; and may be
protected against sterilant contact,
depending in large part on the pen-
etration capability of the chemical
sterilant.

Recent srudies! conducted in
health care facilities
Massachusetts and Colorado, which
used a flexible fiberoptic (FFO)
micro-endoscope to examine the
interior (i.e., the “operative/ work-
ing channels"”) of other FFO endo-
scopes, yielded interesting and
startling information.

Data from Dr. Jack McCracken! of
the Center for Devices and Radiolo-
gical Health (CDRH) at the Food and
Drug Administration (FDA), show
that 47 percent of the facilities stud-

ied had at least one patient-ready

endoscope whose suction and/or
biopsy channels were “visibly
encrusted with debris.” It also was
noted that many of the processed
endoscopes and accessories were

stored while still wet, often in dark

cabinets, at room temperature.
More than 10 percent of the
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‘trates such debris

in Jowa, .

oy

examined FFO endoscopes were
found to have scratched operative
channels/lumens, providing the pos-
sibility of pockets for debris. Only 5.4
percent of the facilities that attempt-
ed to dry the endoscopes between
procedures were successful. A moist,
dark channel maintained at room
temperature—or slightly higher—
generally presents an excellent
opportunity for any microorganisms
present in the debris to multiply and
grow rapidly.

The McCracken study genera.ﬂy
confirms the findings of Alvarado and.
Maki? regarding the extreme difficul-
ty in adequately cleaning the “crud”
from within the long, narrow lumen
of FFO endoscopes. The study
demonstrates that conditions are.
ripe for the transfer of micro-
biological contamination—possibly
containing  infectious/pathogenic
organisms—from one patient to
another. Such transfer can be pre-
vented if sterilizing technology pene-
successfully,
aggressively and reproducibly to
inactivate all of the microorganisms
and their spores. The FDA became
interested in this crucial issue and per-
formed the study because of several
outbreaks of illnesses linked to inade-
quate reprocessing of endoscopes and
related devices and instruments. !

The organisms responsible . for
tuberculosis (¥B), human immuno-
deficiency virus (HIV), hepatitis B
virus (HiBV), and the organisms E.
faecalis, E. coli, Pseudomonas
aeruoginosa, Clostridium species,
and z host of others are present in a
wide variety of instruments, items
and devices that are presented rou-
tinely for reprocessing within healith
care facilities. Many other reusable
devices, such as instruments and
their accessories, are reprocessed by
washing, inspecting, wrapping, label-
ing, sterilizing, storing, and distribut-
ing within pertinent departments
within health care facilities. This
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_ reprocessmg may involve the use of
various chemicals to facilitate

removal and/or to inactivate some of
‘the bioburden, thus producing some

decontamination or disinfection.
Similar reprocessing operations also
are performed in many stand-alone
ambulatory and oral surgery centers,
practitioners’ offices, etc.

Evaluation of available
sterilization technology
efficacy/effectiveness

The Canadiin federal government
recently published the results of a sci-
entific evaluation of the effectivéness
of various sterilizing technologies
against deliberately contaminated
items. The study, conducted by Dr.
Michelle Alfa and co-workers,? evalu-
ated the warious technologies’ ability
to sterilize surfaces and the narrow
lumen of penicylinders—which
approximate the conditions of some
representative devices—in the pres-
ence of 4 challenge barrier. The bar-
rier consisted of tissue culture
medium containing 10 percent blood
serum and 0.65 percent salt that had
been “inoculated” with E. faecalis, B.
sterothermapbilus, B. subtilus, E. coli,
P geruoginosa, M. cheloni and B. cir-
culans. This mixture was a simulation
(i.e., surrogate) of the typical microbio-
logical contamination on an unceaned
or inadequately cleaned instrument.

The sterilization technologies ini-
tially evaluated in the Canadian study
included 12 percent ethylene oxide
(ETO)/88 percent chlorofluorocar-
bon (CFC)-12 (ie., the well-known
“12/88 mixture”); 100 percent ETO
(from rwo different manufacturers);
hydrogen peroxide (H,0,) plasma;
peracetic acid (C,H,0,)/H,O, plas-
ma; and vapor phase H,0,. The
study concluded that surface steril-
ization by all but the 12/88 ETO
mixture was hampered severely in
the presence of the serum and salt.
We have seen earlier and confirmed
in the McCracken study that, in the
real world, instruments presented
for reprocessing are frequently dicty
and microbiologically contaminat-

92

Figure 1. Sterilization technology efficacy
12% Peracetic Vapor
Sterilant ETYO/88 100% 100% acid/ | Hydrogen pb
% CFC ETO ETO hydrogen | peroxide
(12/88) *) (B) | peroxide | plasma | IVdrogen
plasma peroxide
Surface 97% 78% 49% 32% 37% 35%
Lumen £4% 33% 29% 6% 35% N/A
Figure 1. Sterilization technologies evaluated and their relative efficacies
against an inoculated challenge barrier on surfaces and lumens, DataofDr
M. Alfa, Winnipeg, for the CanadianFedeﬂlGovernment.

ed, and can pose a significant pene-

tration challenge to the sterilant.
While all the processes experi-
enced difficulty inactivating the biobur-
den hidden in the lumen/channel of the
devices, the study concluded that “the
margin of safety for the non-CFC-based
sterilizers is less than that of the 12/88
ETO sterilizers.” The 12/88 ETO tech-
nology was demonstrdted to be the
technology that was best able to inacti-

vate the challenge organisms in the face

of the significant penetration obstacles
established in the test.

In a recent publication, Alfa*
provided additional detzils of the
methodology used in her study. Alfa
utilized a six- to eight-hour cycle at
55° C for the peracetic acid/H,0,
plasma procedures. She also utilized

the so-called diffusion accelerator

(lumen adapter, available in Canada,
but not cleared by the FDA for use in
the United States) and used the fixed
cycle setting of 75 to 85 minutes at
40° C in the H,0, plasma proce-
dures.

Ye assume that Alfa selected the
optimal parameters of concentration,
contact time, and temperature for
the peracetic acid/hydrogen peroxide

plasma equipment. She utilized the
only cycle tiime and temperature set-
tings available with the hydrogen
peroxide plasma, but took the extra
measure of utilizing the diffusion
accelerator (lumen adapter) to opti-
mize. hydrogen peroxide entry into
the lumen.

Based on Alfa's study, the 12/88
ETO sterilant mixture was demon-
strated to be the broadest spectrum
and most potent sterilant of all the
available technologies tested. Alfa has
recently extended her studies to
include the ETO/HCFC sterilant mix-
ture and has established that it is
equal in sterilization efficacy to the
older 12/88 ETO/CFC sterilizing mix-
ture. Alfa’s new research data has just
been published.>

~ We believe that one of the rea-
sons the 12/88 ETO sterilant mixture
and the ETO/FICFC sterilant mixture
penetrated better than the other ster-
ilants is because it is the only tech-
nology tested that operates at a
positive pressure. Additionally, both

plasma technologies lack substantive.

humidity control. Uncontrolled
moisture is 2 detriment in the H,)0,
plasma process, constituting a poten-
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Figure 2. Operating pressures of Alfa’s
- evaluated sterilizing technologies

Hydrogen peroxide plasma

Technology Operating pressure
ETO/HCFC 10-12 psig

100% ETO subatmospheric
Hydrogen peroxide plasma subatmospheric
Peracetic acid/ subatmospheric

tial contributing factor to cycle
aborts. All the other technologies
operate under conditions of partial
vacuum and also lack the “driving
power” and the physical penetration
ability of the 12/88 ETO/CFC and
ETO/HCFC sterilizing mixtures.
Other researchers have found sim-
ilar evidence of the apparent lack of
penetrating power by subatmospheric
pressure technology. In regard to the
H,0, plasma technology, Drs. Walter
Koller and E. Lessky® recently pub-
lished the following:
The procedure appears to be
no longer reliable if the test
organisms are presented not
int 2 thin, single layer but are
clumped together on the sur-
face or at some depth. It is
important to note that the
spore suspensions used by
us were not loaded with
blood or serum, as recom-
mended by other authors.
The biomass of test spores
alone is apparently sufficient
to ensure the survival of indi-
vidual organisms. Our expla-
nation for this is the lack of
robustness of the active prin-
ciple (hydrogen peroxide
and its radicals react strongly
with organic substances) and
the low active substance
reserves in this technology

(the active substance pool is

very small in 2 high vacuum).

Note that the plasmas tend to
have what Koller and Lessky termed
“low active substance reserves.” Ster-
ilizers using either the ETO/CFC mix-
ture (12/88) or the ETO/HCFC mixture
maintain very high active substance
reserves, in that the ETO will not be
“depleted” during the cycle by chemi-
cal reaction with bioburden, biomass,
or other materials. The 12/88 and
ETO/HCFC sterilizers automatically
maintin a constant pressure (and
therefore a constant ETO concentra-
tion) in the chamber, eswmablishing a
readily available reserve of the steriliz-
ing agent. This automatic function has
been termed sterilant “make-up” by
the industry.

It is interesting to note further
that Koller and Lessky (in the same
publication) pointed out that the
H,0, plasma system had a “fatal defi-
ciency,” in that “the apparatus ran on
empty H,0, cartridges exactly as it
did on intact ones.” Apparently, the
usit gave no “fault or problem” warmn-
ing to signal this significant opera-
tional failure, i.e, that no sterilant
was present. We understand that
newer H,0, plasma units may have
been modified recently in this
respect but do not know whether any
previously manufactured units have
been upgraded in the feld.
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Commenting on the Alfa study,
Drs. William Rutala and David Weber,”
in an editorial in the same issue of
Infection Control and Hospital
Epidemiology, provided some inter-
esting insights regarding the protec-
tive effects of the combination of sal¢
and serum.

_ The importance of Alfa’s studies
cannot be understated. As published
in the Canada Communicable
Disease Report,® the journal editor
commented “...there is little objective
information in the literature to evalu-
ate the efficacy of the [non-CFC] ster-
ilants and  their associated
technologies. Alfa’s study of the com-
parative efficacy of some of the avail-
able replacements to the 12/88
sterilizer is most welcome.”

In the US, new sterilizing tech-
nology is reviewed by the CDRH of

the FDA, in procedures known as the -

“510(k) review;” or the “PMA (pre-
market approval) process.” The FDA
does not generally perform tests to
confirm the data submitted to the
FDA by the manufacturer, developer

or importer of the device, equip-
ment, or process. The acceptance of .

the application by the FDA is based
primarily upon a review of the data

~ submitted by the applicant.

ETO, CFC, and HCFC
environmental regulation

The microbiocidal effectiveness
of ETO has long been recognized. It
has been stated frequently that the
entire disposable medical device
manufacturing industry was initially
based on ETO sterilization.®1° Proper
aeration of items following ETO ster-
ilization assures removal of so-called
“residues”1? following treatment
with ETO. ETO has been rendered
nonflammable and nonexplosive by
blending it with CFC-12. The 12/88
ETO/CFC sterilant technology has
been a proven, reliable workhorse
technology for decades. CFCs, as a
class of chemicals, have been phased
out (due to concerns for their possi-
ble role in stratospheric ozone deple-
tion) under the same regulations that

23




4
.
i
%
Er
A
“
4
i
ot

SAFETY

: speciﬁcéil‘y authorize the environ-

mentally acceptable replacement,

hydrochlorofluorocarbons (HCFCs),

for use in the US through the year

2030. The Montreal Protocol and US

Clean Air Act specifically authotize

the HCFC flammability/explosion-
suppressant for continued use with

the sterilant ETO. In fact, Penngas 2,
an HCFC-based ETO sterilant mix-
ture was awarded the “Stratospheric
Ozone Protection Award” in 1991 by
the US Environmental Protection
Agency (EFA).

- It has been demonstrated by
extensive testing that the ETO/HCFC
mixtures perform quite similarly to
the 12/88 ETO mixture, due to the
virtually identical physical and chem-
ical properties of CFC-12 and the
new HCFC blends. It must be noted
that commercial ETO/HCFC mixtures
do not consist of a single HCFC, but
rather utilize two different HCFC
compounds blended together. This
permits a virtually identical match
with the properties of the 12/88
ETO/CFC mixture and does not
result in the considerable increase in
consumption (compared to 12/88)
that was encountered with ETO and
a single HCFC.

William Dennis of the Duke
University Medical Center, an advisor
to the US working team of the
Montreal Protocol assembly, partici-
pated in the Significant New Alter-
native Products (SNAP) program of
the EPA to evaluate CFC alternarives.
Dennis believes there are no further
EPA regulatory actions coming that
relate to ETO or to the specific HCFCs
in commercial ETO/HCFC mixtures.
There are no chemical or product bans
coming. There are no HCFC taxes
being contemplated. HCFC-containing
products are not in regulatory, tax, or
supply jeopardy.

While it is true that some states
have enacted ET'O abatement regula-
tions, previous abatement technolo-
gy, such as camalytic conversion, has
been improved upon dramatically by
utilizing “scrubbing” technology, and
the capital and operating costs asso-
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change
1—Unstable if
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0-—Stable

ciated with abatement have been
reduced significantly compared to
only a few years ago. Simple scrub-
bing technology has been demon-
strated to abate ETO adequately and
ensure regulatory compliance.
(Scrubbing technology is covered in
more detail in the “Conclusions” sec-
tion of this article.)

It is the authors’ sincere hope
that the information just presented
has helped to clear up regulatory
and/or environmental misconcep-
tions about ETO and HCFC that may
have existed. Unfortunately, we con-

tinue to hear these troubling miscon-

ceptions from time to time, It is clear
in this regard that all statements,
information and data, whatever the
source, should be venﬂed carefully

and thoroughly.

Use of hazardous
and/or toxic sterilants

Another common misconception
about sterilizing technology is the
myth of the nontoxic, nonhazardous
sterilant. All chemical and/or physical
sterilizing processes involve the use
of hazardous and/or toxic materials.
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ETO/HCFC mixture -

' The purposé of the sterilizing chemi-
cal or physical process is to inactivate
and/or kill all microbiological organ-
isms on or in a device, including
spores. ETO is clearly a hazardous
and toxic chemical. However, even
pressurized steam can be extremely
hazardous when misused, producing
burns, explosions, etc.

ETO requires well-known signifi-
cant measures to minimize its flam-
mability and explosion hazards, such
as mixing it with 2 flammability and
explosion suppressant to enable its
use in nonintrinsically safe environ-
ments that may be capable of provid-
ing 2 spark or an ignition source.
Occupational Safety and Health
Administration (OSHA) regulations,
National Institute for Occupational
Safety and Health (NIOSH) recom-
mendations, and Association for the
Advancement of Medical Instrumen-
tation (AAMI) guidelines must be fol-
lowed carefully to ensure health care
employee/worker safety when using
ETO in any form.

- Many ficilities have undergorie
the experience of implementing
required workplace safety measures
associated with ETO use. Working
safely, as well as effectively, with ETO
has become routine. It also should be
noted that HCFC-124, the principle
flammability and explosion suppres-
sant in commercial ETO/HCFC mix-
tures demonstrates very low toxicity
and must not be confused with other
HCFC chemicals such as HCFC-123,
which does have moderate toxicity.

The National Fire Protection
Association (NFPA) has developed a
nationally recognized and accepted
consensus system for the visual
recognition of the relative health,
Aammability, reactivity, and special
hazards and risks associated with var-
fous substances. This system, using
placards, provides “at-a-glance” infor-
mation on the hazards of a particular
substance. The system, designated as
NFPA 704, uses numerical values on a
scale of 0 to 4 to indicate increasing
severity of risk in each of the cate-
gories mentioned earlier. The dia-

THEALTH HAZARD

1 4—Deadly

‘} 3—Extreme danger

- § 2—Hazardous ,

;[ 1—Slightly hazardous
0—Normal material

SPECIFIC HAZARD
Oxidizer

Acid ACID
Alkali
Corrosive COR

.Use NO WATER W
Radiation hazard

FIRE HAZARD
Flash points

4—Below 73* F
3—Below 1002 F
2—Below 200° F

mond-shaped symbols use different
colors to designate these categories;
blue for health risk, red for flamma-
bility risk, yellow for reactivity (or sta-
bility) risk, and white for any special
risks (such as “oxidizer,” “radioac-
tive,” or “dangerous when wet").
The NFPA 704 symbol shown in
Figure 3a represents the “at-a-glance”
hazagd information for 100 percent
ETO, indicating the highest possible
flammability hazard rating for unsup-
pressed ETO. By contrast, commer-
cial ETO/HCFC mixtures that utilize
HCFCs as the flammability and explo-
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1—Above 200° F
0—Will not bum

REACTIVITY
4—May detonate
3—S8hock and heat
may detonate
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sion suppressant have an NFPA rating
of “0” for flammability and a rating of
“1” for stability (Figure 3b), indicat-
ing NFPA's assignment of nonflamma-
bility and significantly  improved
stability for these new ETO/HCFC
blends.

However, unsuppressed ETO is
explosively flammable in concentra-
tions from 3 percent to 100 percerit :mm -
per volume. It does not require air to
burn. The ignition energy is so low
that a static spark, not even strong

" enough to be perceived by the

human skin, is sufficient to cause
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ignition. The US military made use of
the potent energy release potential of
ETO by using ETO as an explosive in
rockets and bombs during the
Vietnam hostjlities. There can be no
question that risk management con-
cerns are significantly greater when
100 percent ETO—not suppressed—
is used.

Testing conducted at the Illinois
Fire Service Institute demonstrated
the flammable and explosive nature
of 100 percent ETO as compared to
the flammable gas butane, which is
used in most disposable cigarette
lighters. There is a great difference in
energy release from similar quanti-
ties of the gases when they escape
from their containers in the presence
of an ignition source.

The standard means of “supply”
for the sterilant gas used in the 100
percent ETO sterilizer, located in the
health care facility up to this point in
time, has been to utilize 2 relatively
small, disposable cartridge or canis-
ter containing 100 gm of 100 percent
ETO. However, one sterilizer manu-
facturer has begun to promote the
use of a relatively large cylinder con-
taining 20 Ibs of 100 percent ETO for
supply of sterilant to their sterilizer.
The use of cylinders containing 20
Ibs of 100 percent ETO should be
very carefully evaluated in the con-
text of practices that may be regulat-
ed by local building and fire codes
and by state and federal OSHA.

NFPA and OSHA categorize 100
percent ETO as a Class I, Group B
flammable liquid, which, according
to NFPA 30 (Flammable and Com-
bustible Liquids Code), is prohibited
in any quantity from the basement of
buildings, whether a fire-suppressing
water sprinkler system is installed or
not. Depending on the quantities
involved, various elements of NFPA
70 (National Electric Code) also must
be observed when considering elec-
trical service in areas where 100 per-
cent ETO is used or stored. This is
prompted by the concept of “hazard
zone,” which identifies a hazardous
location where a flammable or explo-
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sive vipor may be present in concen-
trations sufficiently high enough to
result in 2 fire or explosion in the
presence of a source of ignition.

If one considers the required vol-

ume of air in a2 room at standard tem-

perature and pressure with which a
given quantity of 100 percent ETO
must be thoroughly mixed and dilut-
ed so as to become assuredly non-
flammable, the size of the “danger
zone” produced by the complete dis-
charge of the contents of 2 container
of 100 percent ETO can be calculated
and visualized. The necessity for
application of special NFPA 70-man-

dated electrical installations then

becomes clear.

A 100 gm canister of 100 percent
ETO requires almost 127 cu f of air
dilution to reduce the ETO concen-
tration below 1.5 percent, which is
50 percent of the lowest concentra-
tion at which ETO will burn or
explode. This value is cilculated by
taking the weight of 100 percent ETO
liquid in the particular contiiner,
multiplied by the specific volume of
100 percent ETO, to obtain the vol-
ume occupied by the 100 pércent
ETO when vaporized. This vapor vol-
ume is then divided by 0.015 (or 1.5

_and procedures is

1266 cu f, or a space roughly 12 k
wide, 13 ft long, and 8 & high. Note
that 2 20 lb cylinder of 100 percent
ETO has a2 danger zone of approxi-
mately 11,240 cu f, or a space rough.-
ly 37 ft wide, 38 ft long, and 8 ft high.
For a 10 gm ampoule of 100 percent
ETO, by similar calculation, the hazard
zone is roughly 12.7 cu R, or a space
which measures 3x 2 x 2 k.

According to NFPA 99, relating to
health care facilities, careful note
should be made that cylinders of 100
percent ETO may not be stored in the
sanie room 4s OXygen or nitrous oxide,
This necessitates an alternative storage
arrangement from the old “cylinder
room” that is common in most health
care facilities.

These Fire Code and OSHA regu-
lations, requirements and aspects
should not be overlooked but should
be evaluated rigorously by a profes-
sionzl engineer or other certified
individiial who is expeérienced in
intérpreting these safety codes and
regulations. Failure to observe strict
safety practices with significant quan-
tities of 100 percént ETO can hive
devastating consequences. Even the
use of appmpnate safety equipment
not an absolute

percent) to determine the volume of
air required to dilute the ETO to
below 50 percent of its lower explo-
sive limit (LEL). (For an example of
these computations, see Figure 4 on
this page.)

This volume in Figure 4 repre-
sents a space roughly 5 ft wide, by 5 ft
long, and 5 ft high. The hazard zone
for a carton containing 10 canisters of
100 percent ETO, each canister con-
taining 100 gm of 100 percent ETO, is

guarantee of safety; as is evidenced by
the recent explosion and subsequent
destruction of a facility of one of the
manufacturers of 100 gni 100 percent
ETO canisters. Unfortunately, loss of
life accompanied this explosion.

It was precisely this explosive
nature that prompted the US Army’s
military medical research command tg_
develop the use of CFC-12 as a flam-
mability and explosion suppressant in
mixture with ETO.13>!* Thus was born
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the 12/88 sterilizing mixture, pro-
duced in 1958 for US military medical
applications by the Pennsylvania
‘Engineering Company,}%!3

Note that carbon dioxide (CO,)
mixtures with ETO do not complete-
‘ly eliminate flammability’ concerns
because the two materials do not
remain uniformly mixed and are usu-
ally not discharged uniformly. This is

evidenced by the fact that “empty”

cylinders of ETO/CO, sterilant mix-
ture, as determined by weight, stifl
contain slightly less than half of the
original content by weight, having
discharged most of the original quan-
tity of ETO in everchanging propor-
tion to the CO, These factors

tures do not have the flammability/
explosion concerns that are associat-
ed with the 100 percent ETO and
ETO/CO, mixture.

‘Sterilizer chamber concentrations
of ETO are lower with ETO/CO, mix-
tures than are specified in the AAMI/
ANSI%Y  and the International
Organization for Standardization
(ISO) recommendation of 600 mg of
ETO per liter of chamber volume.
Generally, with ETO/CO, mixtures,
the ETO concentration approximates
400 mg/l. ETO concentration in the
sterilizing chamber is lower with
ETO/CO,, as compared to ETO/HCFC,
due to two factors. First, the maxi-
mum concentration of ETO in the

ETO/HCFC Mixes are
Non-flammable/ Non-explosive

U8 DOT Hepulated and
approvesd

Figure 5. US Deparﬁﬁent of Transportation (DOT) Hazard Class labet for

ETO/HCFC mixture.

prompted at least one major steril-
izer manufacturer, AMSCO, to issue
the following cautionary statement
to their customers in August 1994:
“CO, blends must not be used as 2
12/88 alternative in ({sterilizing]
equipment due to stratification in
the gas cylinder, which can cause an
inconsistent concentration of ETO
to be supplied to the sterilizer,
resutting in possible biological fail-
ures and/or explosion hazards.”

It must be stated clearly and
emphasized that the ETO/HCFC mix-

ETO/CO, supply cylinder cannot
exceed 9 percent (actual ETO concen-
tration is 8.5 percent, by weight).
Otherwise, the ETO/CO, cylinder
could not be labeled and shipped as a
nonflammable gas but instead would
be classified by the US Department of
Transportation as a flammable gas.
The ETO concentration in ETO/HCFC
is 10 percent, by weight.

Second, the ETO concentration
in the sterilizer chamber is limited
by the maximum design pressure
of the chamber. Despite pressuriz-
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ing the chamber to the maximum
allowable pressure, the combina-
tion of pressure limitations in the
chamber and concentration of ETQO
in the supply cylinder result in a
considerably lower chamber con-
centration of ETO with ETO/CO,,
as compared to ETO/HCFC—400
mg/l vs. 600 mg/l, respectively.
Normal pressure in the ETO/CO,

supply cylinder is about 750 pounds
per square inch gauge (psig). For this
reason, operating pressures in the
sterilizer piping system are increased
to about 750 psig, as compared to
the pressure when ETO/HCFC mix-
ture is used (60 psig). ETO/COZ ster-
ilizer chamber pressure is also
significantly higher. When contem-

~ plating the use of ETO/CO, mixtures,

it is' imperative to ascertain that the
sterilizer chamber is rated for the sig-

nificantly higher operating pressures .

required to establish the concentra-
tion of ETO necessary for microbioci-
dal activity.

As a consequence of the reduced
ETO concentration, ETO/CO, mix-
tures actually require cycle times that
are from one to 2% hours longer
than the normal ETO/CFC or
ETO/HCFC cycle times, depending

~on cycle temperature.

Among current sterilizing tech-
nology options, ETO does not stand
alone as a uniquely hazardous or
toxic substance. If we search the
chemical health, safety, and toxico-
logical literature, we discover very
quickly that H,O,—used in the plas-
ma system—and peracetic acid also
are extremely toxic materials. ETO
and hydrogen peroxide share the
same Threshold Limit Value (TLV) of
one part of the chemical per million
parts of air (1 ppm), suggesting com-
parable toxicity. (The TLV is a trade-
mark of the American Conference of
Governmental Industrial Hygienists
[ACGIH] and is established by its
Chemical Agents Committee.) We can
assume that because the peracetic
acid/H,0, mixture used in one plas-
ma system also consists chiefly of
hydrogen peroxide, this mixture also
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Figure 6. Comparative toxicities

Sterilant T IDLH " RQ Health Tumorigen
(OSHA) (NIOSH) | ~ (EPA) (NFPA) mutagen

ETO 1 ppm 800 ppm 1o 2 Yes
Hydrogen

peroxide 1 ppm 75 ppm 1ib 3 Yes
Hydrogen

peroxide/

Peracetic 1ppm 75 ppm 1b 3 Yes

acid mix

Peroxidc mixture (extrapolated)

Figure 6. Comparative toxicity: consisﬁngof the threshold limit value (TLV),
the concentration thought to be an “immediate danger to life and health”

(IDLH), EPA Reportable Quantity (RQ), and NFPA 704 Health Hazard assign-
ment for 100 percent ETO, Hydrogen Peroxide, and Peracetic Acid/ Hydrogen

would have 2 TLV of about 1 ppm. It
is appropriate to note that peracetic
acid decomposes to acetic acid, for
which the TLV is 10 ppm, and H,0,.
Another significant toxicological
exposure limit, used by the NIOSH to
indicate the potential for & substance
to present an “immediate danger to
life and health” (IDLH), has a value of
800 ppm for ETO but only 75 ppm

~ for H,0, and 50 ppm for acetic acid.

That means that NIOSH and others
believe that it will require a signifi-
cantly lower exposure and/or dose of
H,0, and/or acetic acid to present an
immediate danger to the health of an
employee, as compared to the dose
of ETO. _

The EPA has named ETO, H,0,
and peracetic acid to its_list of
Extremely Hazardous Substances.
Acetic acid also appears in the Toxic
Substances Control Act (TSCA)
inventory list. However, ETO spills
have an EPA reportable quantity (RQ)
of 10 Ibs, while H,0,, and peracetic
acid have reportable quantities of
only 1 Ib. The RQ is the quantity of an
Extremely Hazardous Substance,
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spilled or released,’ that triggers

mandatory notification of the local
fire  department, - the Local
Emergency Planning Committee
(LEPC), the State Emergency
Response Commission (SERC), and
the National Response Center (NRC).
Notification is required within 30
minutes of the spill or release. The
RQ is a relative measure of the in-
dividua! hazardous materials spill
consequernces.

NFPA, under the previously dis-
cussed “704” system, has assigned a
health risk of “2” to ETO, a “3” to
H,0,, and a “3” to peracetic acid,
thus attributing greater health risk to
the latter chemical sterilants. All
three materials are muragenic and
tumorigenic, zccording to a host of
published toxicological and industri-
al hygiene literature. Both ETO and
H,0, are capable of producing can-
cer in experimental animals, with
ACGIH classifying hydrogen peroxide
as.an animal carcinogen.!®

Thus, 2s compared to ETO, the
IDLH and RQ limits are 10 times less
for H,0, and for the peracetic

~

acid/H,0, mixture, the NFPA Healct
Risk rating is greater, and the TLv:
are equal. Does this mean thar H 20,
and its mixturss with peracetic zc:d
are more dangerous and/or more
toxic than ETO? That may be so, but
at least 2 rough equality is estab-
lished among the three materials in
terms of toxicity and their hazardous
nature. In addition, ETO and hydro-
gen peéroxide both generate coricerns
about carciniogenicity 4nd reproduc.
tive effects.

Regarding the liquid phase of
these sterilants, ETO, dueé to its very
high vapor pressuré and volatility,
evaporates extrémely rapidly and
produces frost bite on exposed skin.
On the other hand, H,0,, due to its
very low vipor pressure, tends to
remain liquid and forms droplets and

. aerosols. Hydrogen peroxide pre-

sents a very severe corrosive hazard
to skin and other tissue (including
the eye and lungs), producing blis-

.. tering, ulceration, and discoloration

upon coritact.
We nieed to understand fully that
there is no escape from the signifi-
cant problems associated with work-
ing . with extremely hazardous
materials by simply abandoning
nonflammable ETO sterilizing tech-
nology. The toxicity issues and relat-
ed risks are every bit as important
with all forms of current sterilizing
technology, including the H,O, plas-
ma process and the peracetic
acid/H,0, plasma process. Elimi-
nating or at least minimizing expo-
sure of personnel to the sterilant is
an essential and mandatory concemn
for all practitioners of sterilization,
regardless of the technology utilized.
Recent independent studies!®2°
of health care facility sterilizer oper-
ating personnel utilizing H,0, plas-
ma revealed surprising results. H,0,
vapor had been detected upon the
opening of the sterilizer door at the
conclusion of the cycle in the opera-
tor’'s Breathing Zone (BZ). The.
results from a2 number of measure-
ments demonstrate that the short-
term, localized, H,O, concentration
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Figure 7. Operator removing processed packages from a hydrogen peroxide
plasma sterilizer,

exceeded 3 ppm after the plasma ster-
ilizer door was opened. Some of the

~‘personnel performing the sterilizing

operations reported episodes of eye
and mucous membrane irritation.
Packages removed from the sterilizer

_after one hour continued to emit

residual H)O, gas at short-term or
instantaneous concentrations of up to
2.5 ppm, for up to 1.3 hours following
their removal from the sterilizer,

In addition, Easterling,>* among
others,?? observed and measured sim-
ilar concentrations of H,0, and per-
acetic acid during operauon of the
mixed component plasma system.

Monitoring data obtained by
MacNeal and Glaser?? suggest that
there is similarity in the timing and
location of peak peroxide levels with
both the H,0, plasma and the per-
acetic acid/H,0, plasma systems.
Observation and measurement sug-
gests that the peak peroxide concen-
trations may be significantly higher
with the peracetic acid/H,0, plasma
system, despite that system’s series of
“air washes.” This would seem to sug-
gest that a separate aeration cycle
might be required to remove residual
peroxides from certain items
processed by either of the plasma

units. Certain types of packaging and
packaging materials appear to retain
greater amounts of the residual chem-

icals for extended periods of time—

many hours to days—upon removal
from the sterilizer.
" In addition to measurable con-
centrations of H,0, vapor in the
operator’s BZ, we have identified at
least one documented case of dermal
exposure to liquid hydrogen perox-
ide by an operator of a2 H,0, plasma
system. The operator was splashed
on the face by a droplet of H,0,,
which rapidly produced severe blis-
tering and caused a pronounced dis-
coloration of the skin. At the time the
injury took place, the operator was
removing items from the sterilizer.
The toxicology literature? notes
that sensitive individuals can experi-
ence upper respiratory tract irritation
from hydrogen peroxide exposure at
sub-ppm (less than 1 ppm) concen-
trations. It has been reported that

residual H,0, on disinfected endo- *
on occasion, *
responsible for a form of chemically- ~
induced colitis. Thus it is interesting ~

scopes has been,

to note that H,O, is not “non-toxic,”
apparently does not decompose

immediately and completely to “non-
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toxic products” by the end of the

cycle, and can remain as a toxic
residue on or in some processed pack-
ages for an extended period of time.
Much the same can be said for the per-
acetic acid/H,0, plasma process.

Given the similar toxicities of
H,0, and peracetic acid, as com-
pared to ETO, one cannot help but
wonder how long it will be before
H,0, and peracetic acid are each sub-
jected to workplace regulatory health
and safety controls similar to those of
ETO established by OSHA and state
regulatory agencies.

There already exist applicable
OSHA regulations that require writ-
ten hazard communication plans,
emergency spill cleanup procedures,
possible medical monitoring, and, of
course, training of and for employees
who work with hazardous chemicals,
as well as documentation and record
keeping requirements. Even in the
absence of such regulation, we now
know enough to warrant virtually
identical practices for worker protec-
tion while using any of these potent
chemicals.. No one would consider
knowingly exposing workers to ETO.
With the newly documented opera-
tor exposure data, how then can
exposures to H,0, and/or peracetic
acid, which are equally insidious, be

d? :

-~ sterility assurance and -
biological indicators

" In an ongoing series of reports by
Peter Mecke et @l published in the

and Hygiene-Medizin, the German
‘Society for Hospital Hygiene made a
number of significant criticisms relat-
ing to the biological and chemical indi-
cators used with the H,0, plasma

technology.2425
following comments:
*The microorganism utilized, B.
subtilis, is considerably less resis-

tant to the H,0, plasma steriliza-
tion process than is B.
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Specifically, the reports include the




sterotbermopbilus. Therefore,
the study questions whether the
organism chosen for the biologi-
cal indicator (BD) is the appropri-
ate one. o

*The BI test pack container has a
remarkably large entrance port
(5 mm x 8 mm), providing little
diffusion challenge in compari-
son to the challenge experi-
enced by ETO.

*The chemical indicator, which
is supposed to indicate the
presence of H,0, inside sealed
packages by color change,
azpparently is affected by expo-
sure to light and wias found to
change color in the absence of

hydrogen peroxide.

In addition, it has been noted
that the Bl is not buried in the load
but is placed in the open on the
lower rack of the H,0, plasma steril-
izer. Also, physical “shadows” and
void spaces—such as valve interiors
and tightly mating parts—may pre-
vent the plasma from effectively
reaching all surfaces. Taken collective-
ly, there is little similarity to the degree
of challenge that is traditionally
placed upon the ETO BI and the chal-
Ienge placed upon hydrogen peraxide
plasma Bls. Therefore, the German
studies suggest that confidence that
sterilization has, in fact, been consis-
tently accomplished (especially on

“interior” surfaces) with the H,0,
plasma method may be reduced.

Subsequent to the appearance of
Mecke’s reports, Koller and Lessky,®
in an article entitled “Microbiological
Test Results and Observations with a
'Hydrogen Peraxide Plasma Sterilizer,”
question the appropriateness of the
indicator organism chosen for the BI
and criticize the conﬁguratxon of the
BI test pack.

In 2 follow-up letter’® comment-
ing on the earlier article in Zentral
Sterilisation, Koller also points out that
the H,0, plasma chemical indicator
does not discriminate between liquid

or vapor phase H,0,, thus demonstrat-
ing the apparent inability to establish
that the plasma phase was present in
the sterilizer.

Independently, other questions
have been raised regarding:

*the adequacy of the recom-
mended frequency of biological
monitoring within the chamber
(i.e., one or more Bls/load vs.
one or more Bls/day);

*the need to quarantine items
processed in the sterilizer;

*the implications of cobtaining a
“positive BL,” and its impact on
prior “unmonitored” loads
(loads run without BIs);

sthe need for specific materials
for packaging and/or wrapping
of items to be sterilized, and to
provide maintenance of the
sterility of the processed items;

srecordkeeping requirements,
as well as a number of other
questions.

Because of the compiéxity of the,

process compared to steam, and th

levels) of the loads to be sterilized, ;-
we maintain that a BI should be used 1

e

for every load processed in anym_

which there are many variables. This

will ensure that every load has appro-:

priate sterility assurance. Otherwise,

tributed for patient use with little or |
no ability to ascertain that all facets of ;
the rechnology were operated proper-

fy and inactivated afl microbiological

entities, This is especially important to" *

users of the H,0O, plasma system, since
at least some of the units may provide
no warning if an empty cassette has
been used inadvertently.

According to FDA Medical

Device Reports (MDRs), recent inci-
dents of infection and a death have’
occurred in an institution utilizing

 biological indicators.

‘considerations

the H,0, plasma technology—a
strong mdlcator that every load
should be biologically monitored.
These instances wete apparcnt!y
accompamed by positive Bls, seem-
ingly indicating that for some rea-
son(s) sterilization had not
occurred in some items in those -
individual loads.

These events also provide a com-
pelling reason to quarantine pro-
cessed loads until the Bls have been
conclusively evaluated, to assure that
sterilization has occurred.

It should be noted that adequate
quarantine practice can yield sterility-
assured items in about one day with
ETO/HCFC technology as opposed
to at least several days for the plasma
processes, due to the respectxve incu-
bation and “grow-out” times for the
ETO/HCFC

technology, when compared under
conditions of proper quarantine pro-
cedure, is therefore considerably’
shorter in total cycle nme than either

Most materials from which med-
ical, dental, and veterinary devices
ire manufactured are compatible

with ETO. Indeed, it has been stated
5 - frequently that the entire disposable
medical device industry was based

initially upon the use of ETO as a
sterilant. The compatibility consider-
ation is also true for the materials
from which most reusable items are

'manufactured.

Certain products and materials |
cannot be processed in some of the
H,0, plasma and other non-ETO
sterilization equipment, due to com-
position of the product {cellulosics),
reactivity with the materials, and con-
struction of the device or product.
Examples are closed cell foams and
the fact that they give off gases as the
chamber pressure is reduced in the

and vapors from certzin materials,

such as polyurethane foams and
moisture, can interfere with the plas-
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- ma generation, causing the H,O,

“plasma cycle to abort. This compli-
cates the processing of certain
devices and items such as trays for
nursing services, because the trays
often contain gauze, bandages,
and/or moist or other cellulosic
items, along with other incompatible
devices. In addition, changes in sur-
face—including those associated

- with certain anodized coatings, dis-

coloration, paint, ink color and mark-

" ing  changes—and/or reduced
readability or legibility have been
reported.

Latex rubber and certain other
polymers also are incompatible with
or inactivate the H,0, plasma
process. Koller and Lessky noted that
certain nylon (polyamide) electrical
cable connectors disintegrated fol-
lowing 20 cycles in the H,O, plasma
unit due to accelerated aging and
chemical attack. In addition, damage
to certain other materials sterilized in
the chamber was observed. Koller
also has measured the temperatures
in the H,0, plasma chamber.
Chamber temperature was found to

‘ .range berween 54 and' 75°C. The

measured chamber temperature vari-
ations suggest an uneven pattern of
temperature establishment and/or
maintenance within the H,0, plasma
chamber that may contribute to the
localized material damage.

Koller and Lessky® suggest that a

thorough evaluation of all materials

be performed prior to exposure to
the H,0, plasma, including evalua-
tion of potential instability of each
material at elevated temperatures.

Cycle development, process
validation, and sterility assurance
Sterilization . cycle validation
must be accomplished for every
device, instrument and item that is
processed in any sterilizer, regardless
of the sterilization technology uti-
lized. Generally, the responsibility for
validation of a device rests with the
device manufacturer, while valida-
tion of a sterilizing process rests
with the sterilizer manufacturer.

The steps involved in sterilizer
process and cycle validations are
extremely complex. In fact, valida-
tion is often so complex and time
consuming that many manufactur-
ers contract with recognized and
experienced testing laboratories to
perform sterilization cycle develop-
ment and validation studies for
their new or modified products.
Very few health care facilities,
including hospitals, have the experi-
ence, personnel, equipment, time
and money to conduct the validation
studies and to perform the required
microbiolagical laboratory measure-
ments properly (f.e., rigorously, sta-
tistically, and -using scientifically

~ designed protocols).

This is further complicated by
the knowledge that medical device,
instrument, and equipment manufac-
turers generally sterilize new (clean)
devices. Health care facilities, on the
other hand, must deal with the reali-
ty of sterilizing used (dirty) items,
which may pose a significant chal-
lenge to sterilant penetration.?”
Clearly, such challenges further com-
plicate validation studies and make it
even more difficult for health care
facilities to appropriately establish

. their own cycle validation.

It has recently come to our atten-
tion that at least two sterilizer manu-
facturers, as well as some device
manufacturers, are suggesting that
the health care facility is at least par-
tially responsible for the validation of
the cycle for various items to be
reprocessed using a particular steril-
ization technology. In other words,
this critical information is either not
available from or not provided by the
device, instrument, equipment, or
sterilizer manufacturer. This is a dis-
turbing situation.

The issue of who validates the
sterilization cycle is made even more
interesting by a recently published
survey?® of Central Service (CS) pro-
fessionals who are using “alternative”
technologies to sterilize instruments,
The survey revealed that 76 percent of
the alternative sterilization technology
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users believe that the sterilizer manu-
facturer has performed the cycle/
process validation testing. The survey
also revealed that 7 percent of the
end-users of alternative sterilization
technologies know that their steriliza-
tion process has not been validated.
Thus, we may well be in a situa-
tion where 83 percent of the steril.
ization performed by end-users of
alternative technology has not been
validated at all. This is an even more

disturbing situation.

We maintain, as does the FDA,
that process validation is the respon-
sibility of the sterilizer manufacturer
and that cycle development and vali-
dation is the responsibility of both
the sterilizer and device manufactur-
ers, not the end user. Full validation
information—such as the demon-
strated appropriateness of the tech-
nology; cycle parameters; material
compatibilities; biocompatibility;
absence of physical, chemical, and
mechanical changes; necessary steri-
lant concentration and contact time;
and statistically valid scientific data
proving the process and cycle for the
individual item(s) in question—
should be provided by the respective
manufacturers. End-users are cau-
tioned against blindly “throwing
everything into the sterilizer,” unless
they have the above mentioned criti-
cal validation data in hand. To do
otherwise may 1eopardme confidence
in the sterility assurance of certain re-
processed critical items.

This point is indeed a major
issue. Both commercial H,0,/per-
acetic acid and H,0, plasma steriliz-
ers have FDA 510(k)s that limit the
types and kinds of medical devices
that can be sterilized. Almost all
other medical devices are to be qual-
ified by the medical and/or health
care facility—not by either of the ster-
ilizer manufacturers or by the device
manufacturers. This situation is
addressed by both FDA and AAMI,
who, while recommending that the
health care facility request reprocess-
ing information from manufacturers,
also point out that the responsibility
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" for lmpiementmg the ‘recommenda-

nons rests with the health care facxhty
' Utnhzmon ‘of other s
technology in health care facilities
cannot convey the capability to
replace or displace general purpose
sterilization using other validated

and FDA-cleared sterilizing technolo-
gies. This is, in part, due to the lack

of FDA clearance for use of the plas-
ma technologies as 42 complete gén-
eral purpose sterilizer. Such
utilization of dual technologies also
may introduce a very sérious poten-

tial compromise of sterility assurance

by introducing the potential errot of
mistakenly processing an item in a
sterilizer that is not appropriate for
that item. Maintaining multipfe steril-
ization technologies also represents a
duplication of investment and costs.
Yet one more misconception
needs to be addressed at this point,
validation of ETO/ HCFC sterilizing
processes. We continue to hear dis-
turbing comments suggesting that
ETO/HCFC sterilizing technology has
“never been validated” and “could
never pass the FDA requirements.”
The sterilizing community needs to

be fully aware and informed that two

separate manufacturers of ETO/HCFC
sterilizers performed extensive wvali-
dation studies of ETO/HCFC technol-
ogy. The process validations are
documented fully, as are the associat-
ed materials compatibility studies.
Also, suppliers of ETO/HCFC steri-
lants have submitted technical infor-

mation to the EPA and the FDA for

their sterilant mixtures. In addition, 2
significant number of device manu-
facturers, as well as other users, have
validated ETO/HCFC sterilization for

their devices and have submitted that  so

data to the FDA when filing device
510(K) notification, modification, or
seeking device premarket clearance.

Current Good Manufacturing
Practices (cGMPs)

Lack of requisite validation data
‘may undermine a health care facili-
ty's capability to conduct processing
to render used devices sterile. This
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data is necessary to fulfill the man.

dates of the FDA current Good
Manufacturing  Practices  (cGMPs)/

o Quality System Regulation, and Good

Laboratory Practices (GLPs). ¢GMPs
may become one of the major regulato-

1y concerns of the near future for health

care facilities, as the FDA contemplates
possible expansion of its regulatory
influence into health care facilities.

' The FDA has discussed the possi-
bility of considering the reprocess-
ing/ resterilizing of used medical
devices within health care facilities to
be a form of “device manufacturing
of re-manufacturing.” As such, the
health care facility could be subject
to ¢cGMP regulation, like the original

manufacturers of the devices. To the

manufacturer, cGMPs entail ngid
procedural and administrative activi-
ties such as recordkeeping require-
ments; documentationt of training;
knowledge and documentation of all
_materials, ingredients, and compo-
nents; audit “trails®; statistical
process and quality control; measur-
ing, monitoring, and documenting of
equipment processing parameters
and calibrations; and formal compli-
ance with published directives and

protocols. This could establish the

FDA's ability to declare items,
deemed to be improperly processed,

to be adulterated or misbranded. In

that event, depending on the severity
of the violation, the FDA could issue
a warning letter, fine the health care
facility, seize the product, and/or shut
down the operation. Incidentally,
CDRH/FDA has already been peti-
tioned (9/97) by the Health Industry
Manufacturers Association (HIMA) to
regulate the commercial reproces-
sors of “single use” medical devices.
Health care facilities that perform
sterilization for other health care
facilities or organizations are techni-
cally engaged in the “manufacture” of
medical devices, according to the
FDA, and need to be extremely dili-
gemt to establish and follow full
- ¢GMP procedures and comply with
other sections of the FDA require-
ments. It appears to be a less risky

and less complex situation (from the
perspective of compliance with FDA
regulations) for health care facilities
not to engage in the act of steriliza-
tion of instruments, devices, and
equipment that they do not own,

Economic comparisons

There are two phases of econom-
ics that must be explored fully to
evaluate the financial impact of a
given technology—operating cost
and investment arialysis.

Operatinig cost is relatively
straightforward but must be examined
in detail to be certain that supplier bias
and eviluation errots are eliminated.
To examine the operating cost of com-
peting technology, one must first
determine the daily or weekly vohume,
in cubic feet, of praducts/items/devices
that must be sterilized.

Next, one must determine by
physical measurement the actual -
usable chamber volume for the given
technology. Note also how densely
the items to be sterilized can be
packed into the chamber; whether
iterus can be pliced on top of other
items in the chamber; whether items
can be placed out to the walls of the
chamber; and whether items must
remain a certain distance from the
walls. Realize that a chamber with
curved walls and with nonadjustable
shelves limits the size, shape, and vol-
ume of items that can be sterilized.

Also, supplies, such as Bls, con-
sumed per cycle and the number of
cycles run per day or per week to
meet the sterilizing demand must be
determiined. Beware of biased cost
entries for such items as training, reg-
ulatory compliance, hazard insur-
ance, and/or liability provisions. All
of the current technologies are
roughly equivalent in the moral and
ethical, if not regulatory, need for
training, employee and environmen-
tal monitoring and protection, as
well as risk management and control.

The need for adequate hazard insure—-

ance coverage exists with all the ster-
ilization methods, along with the
need to protect one's staff and facili-
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* ty from liability and lawsuits. There xs o

no cleir advantage or economy to
any of the current sterilizing tech-

- nologies in these areas,

Investment analysis deals with
ba!ancmg the projected cost savings,
if any, against the investment

required. Although very sophisticat-

ed methods exist to measure the eco-
nomic desirability of purchasing a
specific instrument, device, or equip-
ment, a rather simple method——pay
back—generally suffices.

Payback is defined as the period
(number of months or years) that
pass before the operating cost sav-
ings realized from the expenditure
of funds equals the investment
made. Essentially, this analyzes how
Iong it takes to pay back an interest-
free loan from operating savings.

Most health care institutions will
‘not invest money in a project

unless the payback period is less
than 18 months.
" The following economic compar-

. ison uses operating cost data for each

sterilizing technology and applies
that data to an ETO/HCFC sterilizer

with a chamber volume of 88 cu ft

This permits an objectxve comparison
of each technology to see which is
fowest in operating cost. The eco-
nomic summary presented in Figure
8 is based on the comprehensive eco-
nomic analysis presented as
Appendix A and uses cost data gener-
ally avaifable from the manufacturers
of each technology. The comparison

demonstrates that the HCFC-based

sterilizers are the lowest-cost steril-
ization method, both in terms of

operating cost and capital investment

Appendix A is a comprehensive
economic analysis for a typical 8.8 cu
f sterihzer, which has internal

“dimensions of 20 x 20 x 38 in, using

ETO/HCFC mixture. Costs for other
technologies, including 100 percent
ETO, ETO/CO,, H,0, plasma, and
peracetic acid/H,0, plasma for equiv-
alent daily processed volumes are
shown for comparison. The cost data

relating to the non-ETO/HCFC tech-

nologies used for the economic

Figure 8. Economic comparison of sterilizing methods considered
(8.8¢f ETO/HCFC sterilizer as baseline)

160

140

120

Hydrogen peroxide pigsma

ETO/Carbon dioxide

Dally cost (§/day)

Figure 8. Chart illustrating comparison of daily cost and investment, to the
baseline of an 8.8 cubic foot (cf) sterilizer equipment for units using
ETO/HCFC, 100 percent ETO, ETO/CO, , hydrogen peroﬂde plasma, and per-
acetic acid/hydrogen peroxide plasma. Cost basis for compamble daily vol-
umes processed have been caiculated using cost data provided or published
by manufacturers of each technology. (See Appendix A).

"W Investrient (5000)

analyses is publicly available in pro-

‘motional literature and advemse-

ments from the manu&ctuters

" Interestingly, whether one
invests approximately $115,000 in
new sterilization technology or a
comparable amount in additional
instruments, devices and/or equip-
ment, the fnancial impact is the
same. However, some of these instru-
ments, devices and/or equipment

“cannot be sterilized by the new plas-

ma technology, essentizlly negating

any cycle time advantage or instru-

ment/device inventory reduction.

This also strongly indicates that ETO
sterilization will need to remain in
place, even if the new plasma steril-
ization technology is utilized.

~ Ifthe choice is between investing
in new technology that cannot termi-

nally sterilize all types of instruments
and~investing in additional instru-

ments to ensure that a sufficient

number of sterile instruments are

available while the “used” mstm-

ments are bemg processed we
tecommepd investment in additional

Journal of Healthcare Safety, Compliance & Infection Control

instruments. This course of action will
ensure to all patients equal treatment

and the highest “standard of care” by

ensuring the provision of terminally
sterilized (not merely disinfected)
endoscopic and related mst:mmems
and their accessories. ,

A US Departmeﬂt of Defense
(DOD) health care-related technical
library information bulletin,® issued
in March 1995, dealing with the topic
of Ozone Depleting Substances
(ODS), specifically concluded that
converting existing sterilizers from
ETO/CFC mixture to ETO/HCFC mix-
ture, as opposed to purchasing new
stenbzers, showed significant eco-
nomic advantage. The conversion
offers an envxmnmcntally acceptable
alternative and retains the steriliza-
tion efficacy required by military
medical standards.

Suggested evaluation

~ criteria and interpretation

~ In order to effectively choose a
“winner” among the competing ster-
ilization technologies being consid-
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ered one must considcr the follow- ;

mg :ssues

°eﬂ‘icacy/e&'ectxveness, especnally
in the mncrobxoczdal sense,

'safet.y to staff, environment,
reprocessed devxces and instru-
ments

sabsence of toxic residue or
byproduct on or in the steril-
ized item;

*amount of disruption of the
Standard Operating Procedures
'(SOPs) From the sterilization
process/practice/technology;

-*number of repetitive cycles need-
ed to be run in order to meet the
sterilizing demand and to accom-

- modate the volume/number of

each item required;

e total cydé time, including BI
. grow-out time required for
sterility assurance;

*ability to sterilize the wide vari-
ety of devices, instruments, and

-equipment used within the
health care facility;

*510(k) clearance or PMA
approval (for the list of FDA-

_approved items that may be ster-
ilized as of the current date);

*materials compatibility;

*process and cycle validations;

*operiting costs;

*investment payback;

sinvestment duplication and
cost because not all items need-
ing sterilization can be pro-
cessed in plasma sterilizers.

It has been shown in every cate-

gory, that the ETO/HCFC-based steril-
izers are the best performers.

104

ETO/HCFC cycle time may become

" 'even more rapid. Several new ETO
- sterilizers that use the nonflammable
“mixture are being tested currently

with strong evidence of cycle times
(for certain loads) as short as 1V to

~ six hours, plus Bl incubation time.

These shortened cycle times may
reduce the need to acquire addition-
al instruments, devices and supplies.
~_Among those sterilizing tech-
nologies and processes presently
available, the ETO/HCFC mixtures
are the broadest spectrum, most reli-
able, effective and rapid (considering
BI “grow-out” time) sterilizing tech-
nology currently available for use
within health care facilities. In addi-
tion, in well-maintained sterilizers,
the ETO/HCFC sterilizing mixtures
offer superior safety and economic
performance. Consequently, new
ETO/HCFC sterilizers or recondi-
tioned 12/88 ETO/CFC sterilizers rep-
resent the most useful, reliable, safe
and cost-effective devices.

Conclusion

Nonflammable ETO/HCFC mix-
tures provide an excellent technolog-
ical foundation for general purpose
terminal sterilization of items that
cannot be steam or dry heat steril-
ized. Much attention has been
focused on ETO toxicity, on the mis-
conception of comparatively lengthy
cycle times for this technology, and
on ETO abatement requirements.
However, the scientific and ethical
issues necessitate quarantining all
sterilized items, regardless of what
sterilizing method is used, until the
results of the Bl have been received
and demonstrate that sterilization
has occurred.

These authors believe that it is in ,

the best interest of the health care-
based sterilizer-using community for
the major manufacturers of steriliz-
ing equipment that use the
ETO/HCFC mixture to commit their
resqurces to achieving further reduc-
tions in total cycle times. As noted
earlier, shorter cycle times for the

ETO/HCFC sterilant mixtures already

have been demonstrated successfully
(in the 1.5- to six-hour range, plus Bl
incubation time) and may soon
become commercially available.

When proper quarantine proce-
dures are followed and the BI is
allowed adequate time to grow
‘out/incubate properly, complete
cycle times for ETO technology are
shorter than either of the so-called
“rapid” plasma technologies.

The toxic¢ nature of ETO, H,0,,
and peracetic acid has been discussed
here and elsewhere® It is clear that
each of these chemicals is roughly
equivalent in tertns of health risks,
and that virtually identical employee,
practitioner, and patient exposure
prevention practices, procedures,
and equipment are needed when
using any of these toxi¢ materials.

Complianice with the OSHA ETO
Regulations has taught the sterilizing
commutity to work safely with ETO. -
This is evidenced by the documented
steady decline in employee eéxposures
to ETO in US health care facilities.

We have reported and discussed
data regarding employee exposures
to hydrogen peroxide and peracetic
acid associated with the use of the

_ respective plasma sterilizers in health

care facilities. Glaser3! provided simi-
lar dara for E’I‘o in 1977 that was
instrumental in the development and
promulgation of the OSHA ETO reg-
ulations, We believe that similar regu-
laton of H,0, and peracetic acid in
health care facilmes is required based
on documeénted worker exposures to
these materials.

Terminal sterilization cannot be
sacrificed for perceived cycle time
reduction, particularly where lapro-
scopes, flexible endoscopes and sim-
ilar instriuments and devices are
concerned. As we discissed previ-

‘ously, we generally favor investment

in additional diagnostic, therapeutic
and related surgical instruments, as
opposed to unnecessary duplication
of sterilization system investment.

In ETO abatemenit, the prewous-
Iy utitized catalytic combusters have 2
fairly high capital cost (approximate-
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Iy $80,000) and require extensive
space and installation requirements.
Catalytic combustion abatement

(“disposers”) utilize relatively high

temperatures to react ETO with oxy-
gen, yielding nontoxic products.
However, this oxidation reaction is
actually 2 combustion or buming
operation. This may be of great con-
cern when used with 100 percent
ETO. A series of explosions have
occurred—unfortunately, involving
loss of life—where 100 percent ETO
was involved; these incidents may be
related to the use of catalytic combus-
tion for ETO abatement. The EPA has
advised a halt o the use of catalytic
combusters with 100 percent ETO
while it continues its investigation into
the actual cause(s) of the explosions.3?

Currently, the newer, yet field-
proven, low temperature scrubber
technology has reduced the cost and
complexity of ETO abatement dras-

- tically. Scrubbing technology pro-

viders have reduced ETO abatement
capital costs by over 50 percent and
have virtually eliminated system main-
tenance and operating costs, while sat-
isfying regulatory requirements for
ETO abatement. One such commercial
technology is utilized in our sample
economic analyses for its technical rel-
evancy and cost effectiveness.

It must be made clear to the ster-
ilizing community that old ETO ster-
ilizers utilizing the 12/88 ETO/CFC
sterilizing mixture remain a valuable
asset that can be reconditioned read-
ily, easily, and economically. In reality,
the most expensive portion of an
ETO mixture-using sterilizer is the
pressurizable chamber, which is per-.
manently certified to the specifica-
tions of the ASME (American Society
of Mechanical Engineers) and rarely
wears out. Like steam sterilizers, ETO
sterilizers that use the nonflammable
ETO/HCFC or ETO/CFC mixture, are
completely reconditionable because

only the controls, plumbing/piping,

and seals need to be replaced. A
growing number of hezlth care facili-
ties are discovering the surprisingly
attractive economics of ETO mixture-

using sterilizer recondmonmg It is
also relatively simple to upgrade the
sterilizer’s controls during recondi-
tioning. Reconditioned sterilizers are
becoming more available for outright
purchase, in which case a simple
drop-in instalfation is possible. When

2 drop-in installation is utilized, the
 existing sterilizer may have some

trade-in vilue. As long as the steriliz-
er is reconditioned without disrupt-
ing the already validated operating
parameters (such as cycle dme, aper-
ating pressure, etc.), FDA notifica-
tion/cleararice does not have to be
reobtained. Even the addition of the
capital cost for the reconditioning of
an existing sterilizer does not sub-

stantially change the operating costs,-

nor the fact that ETO/HCFEC is still
the most ecoriornical method to uti-
lize. Service organizations are avail-
able to provide installation, routine
maintenance, and repairs. This is also

an attractive, effective, and economi-

cal option if no existing ETO mixture-
using sterilizer is available onsite.

Thus, taken 4s 2 total systems
concept, we recommend:

*Purchasing sufficient numbers
of instruments and devices, so
that the required “turn-around”
time necessary for reprocessing
doesn’t impact the surgical
schedule adversely or sacrifice
sterility for speed.

* Adequate reprocessing berween

patient procedures, consisting
of efficacious microbiocidal
treatment, following thorough ~
cleaning.

* Utilization of general purpose
terminal sterilization using the
ETO/HCEFC mixture, rather than
high level disinfection.

*Scrupulous, scientific and ethi-
cal*consideration of load quar-
antine until sterility assurance
can be established. This in-
volves the biological monitor-
ing of each load reprocessed.

Journal of Healthcare Safety, Compliance & Infection Control

*Reconditioning of existing
ETO mixture-using sterilizers,
as opposed to investment in
new sterilizing technology.

*Where required, use of ETO
scrubbing techriology to assure
safe environmental comphance,
‘minimize capxtal investment,
and avoid multi-sterilizer
sequencing delays (up to sever-
al hours) encountered with cat-
alytic combusters/disposers.

*Appropriate training of all in-
volved staff members—includ-
ing maintenance staff and
support . personnel—in the
proper procedures so ias to
assute compliance with applica-’

" ble state and OSHA regulations,
and AAMI, AORN, and related
recommendations.

*These recommendations go
hand-in-hand with realizing the
final objective, i.e., the highest
equal standard of care for all
patients; minimal risk to
patients, health ciare workers,
the community, and the envi-
ronment; and the best cost-to-
benefit ratio.
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Appendix A
Technology s | lomero | Jwremde | P | S

Nameplate volume (cubic feet) 88 4.8 5.0 50 8.8
Useable volume (cubic feet) 6.0 29 29 43 6.0
Utilization factor h 0.75 0.75 0.60 0.60 0.75
Daily cycles 1.0 28 3.4 23 10
Sterilant used peractualcycle | 2.9 pounds 1.0 cartridge 0.1 cassette 0.4 bottle 3.4 pounds
Sterilanit unit cost ss.zs@éund $6.00/cartridge | $80.00/casscere | $18.75/bottle | $6.2Upound
Plasma gas S0 $0 %0 $600/cylinder %0
Sterilant cost per actual cycle $18.15 $6.00 $8.00 $11.16 $21.21
Sterilant cost per day o $18.15 $16.55 $27.59 $25.95 $21.21
Biological indicator unit cost $4.00 $4.00 $4.00 $2.25 $4.00
Biological indicator cost per day $4.00 $11.03 $13.79 $5.23 $4.00
Chemical indicator unit cost per day $0.80 $0.80 $0.05 $0.10 $0.80
Chemical indicator cost perday $0.80 $2.21 $1.72 $2.33 sofsd
Utilities per actual cycle T $9.00 $2.00 $0.24 $0.24 3'9.'00_ _

‘ Utilities per day . : ‘ $9.00 $5.52 $0.83 $0.56 $9.00 .
Cylinder rent per day $0.20 ~ $0.00 $0.00 $0.20 $0.60
:;‘;‘;“ga;‘w““ procedures $0.03 $0.13 $0.13 $0.13 $0.04
Monitors/protective equipment per day $2.88 $2.88 $2.88 $2.88 $2.88
Maintenance daily . $16.03 $25.64 $22.44 $22.44 $16.03
Subtoral daily cost $51.09 $63.96 $69.38 $59.72 $54.56
Financial costs (* new sterilizer) $0.00 " $40.87+ $86.54* $93.97+ - $12.82
Total cost per day ’ - $51.09 $104.83 $155.92 $153.69 $67.38
Investment analysis

— el el [P R
New sterilizer $0 $33,000 $106,000 $115,000 $0
Conversion of existing sterilizer $0 $G $0 $0 $16,000
Aerator $0 $14,000 $o0 $0 $0
Additional equipment $0 $4,000 $2,000 $2,275 $0 v
Total investment $0 $51,000 $108,000 $117,275 $16,000
Cost of capital@10%  (Annual) $0 $2,550 $5,400 $5,864 $800
(Per day) $0.00 $8.17 $17.31 $18.78 $2.56
Amortization (Annual) 50 $10,200 $21,600 $23,455 $3200 |
(Per day) $0 $32.69 $69.23 $75.18 $10.26
Total financial costs (Annual) 30 £12,750 $27,000 $29,319 $4,000
(Per day) $0 $40.87 $88.54 $93.97 $12.82
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Update
April, 1998

“Comparison of health care-based sterilization technologies: Safety,

efficacy, and economic”
Journal of Healthcare Safety, Compliance & Infecuan\Control ,

Volume 1, Number 2, December, 1997

The United States Environmental Protection Agency has recently changed
the reportable quantities for hydrogen peroxide and peracetic acid. The new
reportable quantities and 1000 pounds for each material. There has been no
change for ethylene oxide. The NFPA 704 health ratings for sterilants may
differ, depending upon which manufacturer’ material safety data sheets
(MSDS) are consulted. Ethylene oxide, hydrogen peroxide and peracetic

acid continue to exhibit approximately similar toxicities, making worker |
protection a continued potential concern for health care sterilization

operations.

Please make a note of these changes as you evaluate this journal article.
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