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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Foreword

This document (EN 15424:2007) has been prepared by Technical Committee CEN/TC 204 “Sterilization of
medical devices”, the secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an identical

text or by en

orsement_at the latest hy Qctober 2007 _and r‘nnflir"ring national standards shall be withdrawn at

the latest by

This docume
European Fr

According to
countries ar

Dctober 2007.

nt has been prepared under a mandate given to CEN by the European Commission and the
be Trade Association, and supports essential requirements of EU Directive(s).

the CEN/CENELEC Internal Regulations, the national standards organizations of the follpwing
e bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, ¢zech

Republic, Dg¢nmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland; Ireland, ltaly, Lptvia,

Lithuania, LU
Sweden, Sw

xembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, $pain,
tzerland and United Kingdom.

Vi
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Introduction

A sterile medical device is one which is free of viable microorganisms. European Standards, which specify
requirements for validation and routine control of a sterilization process require, when it is necessary to supply
a sterile medical device, that adventitious microbiological contamination of a medical device prior to
sterilization be minimized. Even so, medical devices produced under standard manufacturing conditions in
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dance with the requirements for quality management systems (see EN ISQ 13485) or which have been

cted to a cleaning process as part of their reprocessing in a health care establishment
zation, have microorganisms on them, albeit in low numbers. Such products are non-sterile.

terile ones.

inetics of inactivation of a pure culture of microorganisms by physical and/or)chemical ad
ze medical devices can generally best be described by an exponential relationship between
croorganisms surviving and the extent of treatment with the sterilizingZagent; inevitably thi
is always a finite probability that a microorganism may survive regardless of the extent
bd. For a given treatment, the probability of survival is determined by the number and
organisms and by the environment in which the organisms exist during treatment. It fol
ty of any one product in a population subjected to sterilization cannot be guaranteed and th
ssed population is defined in terms of the probability of there*being a viable microorganism
ct item.

4

standard describes requirements which will enablexthe demonstration that a low temperatu
aldehyde sterilization process intended to sterilize*medical devices has appropriate microbi
hat this activity is both reliable and reproducible, such that the relationship for the in
organisms can be extrapolated with reasonable confidence to low levels of probability of {
¢ microorganism present on a product, after sterilization. This standard does not specify
to be taken by this probability; specification of this probability is given in EN 556-1.

irements of the quality management system for medical device design/development
lation and servicing are given in EN ISO 13485. The standard for quality managem

bd by subsequent inspection and testing of the product. Sterilization is an example of such a
ifored routinely and. the’equipment maintained.
sure to a properly validated, accurately controlled sterilization process is not the only facte

the provisionref reliable assurance that the product is sterile and, in this regard, suitable fo
Attention.is therefore given to a number of factors including:

may, prior to
The purpose

rilization is to inactivate the microbiological contaminants and thereby transform the’non-stgrile products

ents used to
the numbers
5 means that
of treatment
resistance of
ows that the
e sterility of a
present on a

e steam and
cidal activity,
activation of
here being a
the maximal

production,
ent systems

nizes that, for certain processes used in manufacturing or reprocessing, the effectiveness cannot be fully

process. For

feason, sterilization -processes are validated for use, the performance of the sterilization process

r associated
[ its intended

tre Mmicrobiological status of incoming raw materials and/or components,

the validation and routine control of any cleaning and disinfection procedures used on the product,

the control of the environment in which the product is manufactured, assembled and packaged,

the control of equipment and processes,
the control of personnel and their hygiene,
the manner and materials in which the product is packaged, and,

the conditions under which the product is transported and stored.

© 1SO 2009 - All rights reserved
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The type of contamination on a product to be sterilized varies and this impacts upon the effectiveness of a
sterilization process. Products that have been used in a health care setting and are being presented for
re-sterilization in accordance with the manufacturer's instructions (see EN ISO 17664) should be regarded as
a special case. There is the potential for such products to possess a wide range of contaminating
microorganisms and residual inorganic and/or organic contamination in spite of the application of a cleaning
process. Hence, particular attention has to be given to the validation and control of the cleaning and
disinfection processes used during reprocessing.

The requirements are the normative parts of this standard with which compliance is claimed. The guidance
given in the informative annexes is not normative and is not provided as a checklist for auditors. The guidance
provides explanations as well as methods that are accepted as being suitable means for complying with the

ve in

requirements:

achieving co

The develop
interrelated 4
qualification,
standard ha
not require th
necessarily 1
performing th
whom under
individuals o

Activities req
and minimizd
standard.

TT—ootTT

mpliance with the requirements of this European Standard.

ctivities, for example calibration, maintenance, product definition, process definition, instal
operational qualification, and performance qualification. While the activities)reéquired b

ment, validation and routine control of a sterilization process comprise a number of discrete but

ation
this
does

e been grouped together and are presented in a particular order, this European Standard
at the activities be performed in the order that they are presented. The activities required a
equential, as the programs of development and validation may be .iterative. It is possibl

fake one or more of these activities. This European Standard, dees not specify the pa
organizations to carry out the activities.

uired by this standard might also give rise to an environmental burden that should be consi
d, e.g. by utilizing flexibility in planning. Environmental ‘aspects are addressed in Annex D ¢

e not
that

ese different activities will involve a number of separate individuals @and/or organizations, egch of

cular

lered
f this

viii
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Sterilization of medical devices — Low temperature steam and
formaldehyde — Requirements for development, validation and
routine control of a sterilization process for medical devices

[
b

1.1

111
a LoV

NOTH
guida

11.2
steril
respd

11.3
and f

1.2

1.2.1
shou
such
recor
contg

1.2.2
requi

1.23
prody

NOTH

Scope

Inclusions

This European Standard specifies requirements for the development, yalidation and rout
v Temperature Steam and Formaldehyde (LTSF) sterilization process for-medical devices.

Although the scope of this standard is limited to medical devices,)it specifies requirements
hce that may be applicable to other products and equipment.

This European Standard is intended to be applied. by process developers, man
zation equipment, manufacturers of medical devices. 10 be sterilized and the organ
nsibility for sterilizing medical devices. (See EN ISO 14937:2000, Table E.1)

This European Standard covers sterilization pracesses which use a mixture of low tempe
brmaldehyde as sterilant, and which are working/below ambient pressure only.

Exclusions

Sterilization processes validated and controlled in accordance with the requirements of
d not be assumed to be effective in inactivating the causative agents of spongiform encq

as scrapie, bovine spongiform encephalopathy and Creutzfeld-Jakob diseas
nmendations have been~produced in particular countries for the processing of materia
minated with these agents:

This standard does not specify requirements for designating a medical device as “STE
fements are givenin EN 556-1.
ction of medical devices.

It is not a requirement of this standard to have a complete quality management system during 1

ne control of

and provides

ifacturers of
zations with

rature steam

this standard
phalopathies
e. Specific
s potentially

RILE”. Such

This standard does not specify a quality management system for the control of all stages of

hanufacture or

repro

Lessing, but those elements of such a system that are required are normatively referenced at appro

riate places in

the text. Attention is drawn to the standards for quality management systems (see EN ISO 13485) that control all stages of
production or reprocessing of medical devices including the sterilization process. Further guidance is given in E.2 of

EN IS

0O 14937:2000.

1.2.4 This standard does not specify requirements for occupational safety associated with the design and
operation of LTSF sterilization facilities.

NOTE 1 Safety requirements for sterilizers are specified in EN 61010-2-040.
NOTE 2  Attention is also drawn to the existence in some countries of regulations stipulating safety requirements.
© 1SO 2009 - All rights reserved
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1.2.5 This European Standard does not cover analytical methods for determining levels or residues of
formaldehyde and/or its reaction products.

NOTE 1

NOTE 2

Attention is drawn to EN 14180.

level of formaldehyde residues on medical devices and products.

Attention is drawn to the possible existence in some countries of statutory regulation specifying limits for the

1.2.6 This European Standard does not cover preparatory measures that may be necessary before
sterilization such as cleaning, disinfection and packing.

NOTE

Fq

r re-sterilizable medical devices, the manufacturer(s) of these devices should supply information

n the

preparatory m

2 Norma

The followin
references,
document (in

EN 14180:2¢
Requirement

EN ISO 1113
(ISO 11138-

EN ISO 1113
indicators for

EN ISO 1114

EN ISO 1174
population of

EN ISO 1173
performed in

EN ISO 134§
(ISO 13485:]

3 Terms

For the purstes of this document, the following terms and definitions apply.

pasures (see EN ISO 17664).

tive references

g referenced documents are indispensable for the application of this document. For
bnly the edition cited applies. For undated references, the latest edition of the refere
cluding any amendments) applies.
s and testing

8-1, Sterilization of health care products — Biological indicators — Part 1: General requiren
:2006)

low-temperature steam and formaldehyde sterilization processes (ISO 11138-5:2006)
0, Sterilization of health care products — Chemical indicators (Parts as appropriate)

7-1, Sterilization of medical devices\—- Microbiological methods — Part 1: Determination
microorganisms on products (ISO11737-1:2006)

7-2, Sterilization of medical devices — Microbiological methods — Part 2: Tests of sf
the validation of a sterilization process (ISO 11737-2:1998)

2003)

and definitions

jated
nced

03, Sterilizers for medical purposes — Low temperature steamr and formaldehyde sterilizgrs —

hents

8-5:2006, Sterilization of health care products,— Biological indicators — Part 5: Biolggical

of a

erility

5, Medical devices(=Quality management systems — Requirements for regulatory purposes

3.1
adjustment
correction of

3.2
aeration

a measurement device or system to indicate the value as established by calibration

part or parts of the sterilization process in which defined conditions are used such that formaldehyde and its
reaction products are desorbed from the medical device, and which can be performed within the sterilizer,
within a separate room or chamber, or by a combination of the two

[3.3 of EN 14180:2003 ]

© 1SO 2009 - All rights reserved
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3.3
air removal
removal of air from the sterilizer chamber and sterilization load to facilitate sterilant penetration

[3.3 of EN 14180:2003]
34
bioburden

population of viable microorganisms on or in product and/or sterile barrier system

[2.2 of ISO/TS 11139:2006]

3.5
biolagical indicator (BI)
test §ystem containing viable microorganisms inoculated onto a carrier and contained within a grimary pack,
ready for use and providing defined resistance to a specified sterilization process under defined reference
condftions

3.6
calibration
set of operations that establish, under specified conditions, the relationship between values indicated by a
measguring instrument or measuring system, or values represented,by.’a material measure o1 a reference
matefial, and the corresponding values realized by standards

[2.4 gf ISO/TS 11139:2006]

3.7
change control
assegsment and determination of the appropriatenessof a proposed alteration to product or procg¢dure

[2.5 gf ISO/TS 11139:2006]

3.8
chemical indicator
test dystem that reveals change in one or more predefined process variables based on a chemicgl or physical
change resulting from exposure tosa\process

[2.6 gf ISO/TS 11139:2006]
3.9
conditioning

treatmnent of proddet within the sterilization cycle, but prior to the holding time, to attain a pfedetermined
tempgrature and‘humidity throughout the sterilization load

[3.7 9f EN 14180:2003]

3.10
desorption
removal of the sterilant from the chamber and the load at the end of the exposure time

[3.11 of EN 14180:2003]

3.1

D value

time or dose required to achieve inactivation of 90 % of a population of the test microorganism under stated
conditions

[2.11 of ISO/TS 11139:2006]

NOTE For LTSF sterilization the D value is given in minutes.

© 1SO 2009 - All rights reserved 3
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3.12
environmental control
engineering and/or procedural systems to maintain conditions in defined areas within specified limits

NOTE Such systems may include air and fluid filters, surface disinfection, personnel attire and administrative
procedures [2.16 of ISO/TS 11139:2006].

3.13

equilibration time

period which elapses between the attainment of the sterilization temperature at the reference measuring point
and the attainment of the sterilization temperature at all points within the load

[3.13 of EN 14180:2003]

3.14
establish
determine by| theoretical evaluation and confirm by experimentation

[2.17 of ISO/[I'S 11139:2006]
3.15

exposure time
time between introducing the sterilant into the chamber and start of the desorption phase

[3.14 of EN 14180:2003]
3.16

fault
one or more pf the process parameters which lies outside of.its/their specified tolerance(s)

[2.19 of ISO/[I'S 11139:2006]

3.17
Fgo value

product of the logarithm of the initial population of microorganisms and the D value

NOTE THe Fpgio value may be used tg express the “total resistance” of the biological indicator.
3.18
holding time

period for which the temperature, the steam pressure and the formaldehyde concentration of steam arg held
within pre-se} values and.their tolerances to achieve the required inactivation efficacy in the sterilizer chamber

NOTE THe holding-time follows immediately after the equilibration time [3.15 of EN 14180:2003].
3.19

inoculated carrier
supporting material on or in which a defined number of test microorganisms have been deposited

3.20

installation qualification [1Q]

process of obtaining and documenting evidence that equipment has been provided and installed in
accordance with its specification

[2.22 of ISO/TS 11139:2006]

4 © 1SO 2009 - All rights reserved
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cal device

instrument, apparatus, implement, machine, appliance, implant, in vitro reagent or calibrator, software,
material or other similar or related article, intended by the manufacturer to be used, alone or in combination,
for human beings for one or more of the specific purpose(s) of:

— diagnosis, prevention, monitoring, treatment or alleviation of disease,

— diagnosis, monitoring, treatment, alleviation of or compensation for an injury,

— investigation, replacement, modification, or support of the anatomy or of a physiological process,

JEN— q

4

—

—

— moviding information for medical purposes by means of in vitro examination of specimens

and
immy

[ENI
3.22

micr
aque
[3.20
NOTH

3.23

operational qualification (0Q)

proce
when

[2.27

3.24

upporting or sustaining life,
ontrol of conception,

isinfection of medical devices,

e human body,

vhich does not achieve its primary intended action in or onthe human body by pha
nological or metabolic means, but which may be assisted in its\function by such means

SO 13485]

pbicidal solution
bus solution containing formaldehyde to feed thé’vaporizer for generating sterilant in the ster
of EN 14180:2003]

The microbicidal solution usuallycontains stabilizers i.e. alcohols.

ss of obtaining and documenting evidence that installed equipment operates within predets
used in accordance with its operational procedures

of ISO/TS 11139:2006]

para

decldration.that a product is sterile, based on records demonstrating that the process para
delivgredwithin specified tolerances

etric release

derived from

macological,

ilizer

rmined limits

Imeters were

[2.29

3.25

of ISO/TS 11139:2006]

performance qualification (PQ)
process of obtaining and documenting evidence that the equipment, as installed and operated in accordance
with operational procedures, consistently performs in accordance with pre-determined criteria and thereby
yields product meeting its specification

[2.30

©I1SO

of ISO/TS 11139:2006]
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process challenge device (PCD)
item designed to constitute a defined resistance to a sterilization process and used to assess performance of

the process

[2.33 of ISO/TS 11139:2006]

NOTE

The device is designed so that an inoculated carrier or chemical indicator can be put in the place which is the

most difficult to reach by sterilizing agent(s). The indicator should not interfere with the function of the process challenge

device.

3.27

process parpmeter

specified val
[2.34 of ISO/

NOTE TH

3.28
process var
condition wit

EXAMPLE

3.29
product
result of a pr

[EN I1SO 900

NOTE Fq
sub-assembly

3.30
recognized
depository
Microorganis

A

[«

[2.38 of ISO/
3.31

le for a process variable

TS 11139:2006]

e specification for a sterilization process includes the process parameters and their tolerances.
able

hin a sterilization process, changes in which alter microbicidal effectiveness

Time, temperature, pressure, concentration, humidity, wavelength,[2:35 of ISO/TS 11139:2006].

DCESS

D]

(ies) and health care product(s) [2.36 of ISO/TS-11139:2006].

culture collection
uthority under the Budapest, Treaty on The International Recognition of the Depo
ms for the purpose of Patent-and Regulation

S 11139:2006]

reference m
point where

[3.29 of EN 1
3.32

asuring point
e temperatute-sensor for the sterilization cycle control is located

4180:2008]

reference mjcroorganism

r the purposes of sterilization standards, productiis tangible and can be raw material(s), intermediate(s),

it of

microbial strain obtained from a recognized culture collection

[2.39 of ISO/TS 11139:2006]

3.33

requalification
repetition of part of validation for the purpose of confirming the continued acceptability of a specified process

[2.40 of ISO/TS 11139:2006]

3.34

residues challenge device

item used to

assess the desorption efficacy of the sterilization cycle

© 1SO 2009 - All rights reserved
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ces

supplies from an external source, necessary for the correct function of sterilizing equipment

EXAMPLE Electricity, water, compressed air, drainage [2.41 of ISO/TS 11139:2006].
3.36

specify

stipulate in detail within an approved document

[2.42 of ISO/TS 11139:2006]

3.37

sterilant

micrgbicidal agent composed of steam containing formaldehyde

[3.31]of EN 14180:2003]

NOTE Sterilant is generated by vaporizing the microbicidal solution and feeding it(into the sterilizer cha
3.38

sterilant injection

singl¢ or repeated stage beginning with the introduction of sterilantinto the evacuated sterilizer

endir
[3.32
3.39
free
[2.43

3.40

ste ri'le

g when the set operating pressure has been attained

of EN 14180:2003]

om viable microorganisms

of ISO/TS 11139:2006]

sterility

state

NOTEH
[1SO/]

3.4

of being free from viable mjer@organisms

In practice, no such~absolute statement regarding the absence of microorganisms cg
'S 11139:2006, 2.45]

sterilization
validgted process/used to render a product free from viable microorganisms

NOT

Inoa sterilization process, the nature of microbial inactivation is described by an expong

Thergfore the presence of a viable microorganism(s) on any individual item can be expressed in terms of prg
this probability can be reduced to a very low number, it can never be reduced to zero [2.47 of ISO/TS 11139

mber.

chamber and

n be proven

ntial function.
bability. While

20086].

3.42

sterilization cycle
predetermined sequence of operating stages performed in a sterilizer for the purpose of sterilization and
desorption

[3.37

3.43

of EN 14180:2003]

sterilization load
product to be, or that has been, sterilized together using a given sterilization process

[2.48

©I1SO

of ISO/TS 11139:2006]
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3.44

sterilization process

series of actions or operations to achieve the specified requirements for sterility and for reduction of sterilant
residues to an acceptable level

[2.49 of ISO/TS 11139:2006]

NOTE This series of actions or operations includes pre-treatment (if necessary), exposure to the sterilizing agent
under defined conditions, and any necessary post-treatment. It does not include any necessary operations preceding the
sterilization process, such as cleaning, disinfection or packaging.

3.45
sterilizing agent
physical or chemical entity, or combination of entities having sufficient microbicidal activity to achieve) sterility
under definefl conditions

[2.50 of ISO/I'S 11139:2006]

NOTE THe sterilizing agent is the condensate film, generated by condensation of the sterilant’ on the surface of the
medical devicgs to be sterilized.

3.46
survivor cuive
graphical regresentation of the inactivation of a population of microorganisms with increasing exposurg to a
microbicidal agent under stated conditions

[2.51 of ISO/I'S 11139:2006]
3.47

validation
documented [procedure for obtaining, recording and interpreting the results required to establish that a prgcess
will consistently yield product conforming to predetermined specifications

[2.55 of ISO/I'S 11139:2006]

4 Quality management system-elements

4.1 Documentation

411 Procedures for each.phase of the development, validation, routine control, and product release| from
sterilization ghall be specified.

4.1.2 Docyments“and records required by this European Standard shall be reviewed and approved by
designated personnel (see 4.2.1). Documents and records shall be controlled in accordance with an
established quality management system, such as EN ISO 13485.

4.2 Management responsibility

4.21 The responsibility and authority for implementing and performing the procedures described in this
European Standard shall be specified. Responsibility shall be assigned to competent personnel in accordance
with an established quality management system, such as EN ISO 13485.

4.2.2 If the requirements of this European Standard are undertaken by different organizations with separate
quality management systems, the responsibilities and authority of each party shall be specified.
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4.3

4.3.1

4.3.2

NOTE

4.4

ISO 25424:2009(E)

Product realization

Procedures for purchasing shall be specified. These procedures shall conform to an established
quality management system, such as EN ISO 13485

Procedures for identification and traceability of product shall be specified. These procedures shall
conform to an established quality management system, such as EN ISO 13485.

EN ISO 13485 details requirements for design reviews.

Control of non-conforming product

Procg¢dures for control of product designated as non-conforming and for correction;” correctiv

preve
syste

[

N

5

5.1

ntive action shall be specified. These procedures shall conform to an established quality
m, such as EN ISO 13485.

bterilizing agent characterization

General

The purpose of this activity is to define the sterilizing agent,-demonstrate its microbicidal effective

the f4
has g

NOTH
decag

NOTH
studis

5.2

A sp
gene
its sp

NOTE
NOTH

soluti
conds

ctors which influence microbicidal effectiveness, assess the effects that exposure to the stg
n materials and identify requirements for safety of\personnel and protection of the environm

1 The characteristics of LTSF processes and-of low temperature steam and formaldehyde are w
es of practical use and development. Development of new processes may however necessitate new s

2 If characterization studies of a sterilizing agent with a non-traditional formaldehyde mixture is ne
s can be undertaken under formal design ‘and development controls (see EN ISO 13485).

Sterilizing agent

ecification for the migrobicidal solution and for the process to generate the sterilizing ag
rated. This shall inclde; if appropriate, conditions for storage to maintain the microbicidal s
ecification for theduration of any stated shelf life.

1 For further-guidance see EN 14180:2003, 10.3.

2  The M1 SF-sterilization process is a modified steam sterilization process. A formaldehyde solutio
bn) is eyaporated into a gas mixture containing steam and formaldehyde. The microbicidal activity is a
nsate film on the surface of the medical devices to be sterilized.

djustment of
is European

b action and
management

hess, identify
rilizing agent
ent.

bll known after
udies.

Cessary, these

ent shall be
blution within

h (microbicidal
Chieved by the

5.3

Microbicidal effectiveness

Data shall be available to demonstrate the microbicidal effectiveness of the sterilizing agent in the process.
The microbicidal effectiveness of LTSF and its use in processes has been comprehensively documented and
is available in literature.

NOTE

5.4

Manufacturers of sterilizers should have these data available for their customers.

Material effects

The effects of low temperature steam and formaldehyde on materials, both in the sterilizer and in products,
are generally well known after decades of practical use. However, when new materials are introduced the
effects of sterilizing agent exposure (repeated when applicable) shall be assessed and documented.

©I1SO
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5.5 Environmental considerations

The potential impact on the environment of the use of formaldehyde in the sterilization process shall be
assessed and measures to protect the environment shall be identified. This assessment, including potential
impact (if any) and measures for control (if identified), shall be documented.

NOTE 1

NOTE 2

NOTE 3

See CEN Guide 4, Guide for the inclusion of environmental aspects in product standards.

See also Annex D.

Attention is also drawn to the existence in some countries of regulations laying down environmental

requirements.

6 Process and equipment characterization

6.1 Gene

The purpose
to deliver the

6.2 Proce

6.2.1 The
process para
shall be bas

microbicidal
6.2.2 Mea
NOTE Sq
6.2.3 The

its intended yse with regard to equipment and products.

NOTE S¢

6.24 Any
safety and fu

al

of this activity is to define the entire sterilization process and the sterilizer equipment nece|
sterilization process safely and reproducibly.

SS

load shall be exposed to the sterilizing agent under defined and controlled conditions
meters, together with their tolerances, shall be established and documented. These tolerg
pbd upon knowledge of the combination of process parameters yielding the minimum accey
pffectiveness and yielding acceptable product.

ns of monitoring and controlling the process variables shall be determined and specified.

e EN 14180:2003, Clause 5.

quality of steam used throughout the'sterilization cycle shall be specified. It shall be suitab

e EN 14180:2003, 10.4.

reatment of productthat' may be required following exposure to the sterilizing agent to ensu
nctionality of the product shall be defined as part of the sterilization process and documente

Ssary

The
nces
table

le for

e the
.

6.2.5 The pterilization cyele shall include:

a) air remopal;

b) conditiorring;

c) sterilant injection;

d) equilibration time and holding time;

e) desorption;

f)  air admission to atmospheric pressure.

NOTE For further information see EN 14180:2003, Figure 4.
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6.3 Equipment

6.3.1 The equipment to be used for LTSF sterilization shall be specified.

6.3.2 The specification shall include but is not limited to: description of the sterilizer equipment, its
installation, its accessories, its consumables and other related items as specified in the information provided in

accordance with Clause 9 of EN 14180:2003.

6.3.3 The conditions for storage of formaldehyde solution prior to and during use shall conform to the
specification, see 5.2.

6.3.4—Software used—to controrand/or momnitor the—steritizatiom processshattbe prepared—arng validated in
accofdance with the elements of a quality system that provides documented evidence thatb|the software
confgrms to its specification.

NOTH For information see EN ISO 13485.

6.3.5| Means shall be provided to ensure that a failure in a control function ‘does not lead tp a failure in
recording of process parameters such that an ineffective process appears effective.

NOTH 1 This may be achieved either by the use of independent systems for’control and monitoring, of a crosscheck
betwgden values for process variables derived from control and monitoring, “which identifies any discfepancies and
indicgtes a fault.

NOTH 2 EN 14180 requires independent control and recording systems.

7 Product definition

7.1 | The purpose of this activity is to define the-product to be sterilized, including the microbiolpgical quality
of the product prior to sterilization and the mianner in which the product is packaged and gresented for
sterilization.

7.2 | Product definition activities shall be’performed before application of the sterilization procesp to a new or
altergd product, package or loadingpattern.

A demonstration of equivalence to previously validated product, package or loading pattern shal|l be deemed
to copform to this requirement.-Any demonstration of equivalence shall be documented.

NOTH Conforming ¢o~this requirement could necessitate appropriate written information to be pifovided to the
organjzation undertaking)the sterilization process by the manufacturer of the medical device (see EN ISO|17664) and/or
the mpnufacturer of the-sterilization equipment and/or the manufacturer of packaging materials.

7.3 | Productiand packaging shall be designed to allow removal of air and facilitate penetration of sterilant.
The Ipcation~within the product at which sterilization is most difficult to achieve shall be identified.

7.4 shall be demonstrated b ent or tests,—as-applicable,that the ed-sterilization process
does not affect the materials used for and/or the correct functioning of the product and its packaging.

NOTE After decades of practical use substantial experience is available regarding material compatibility to LTSF.

7.5 For resterilization of products, the effects of repeated processing on the product and its packaging shall
be evaluated (See also EN ISO 17664).

7.6 A system shall be defined, documented and maintained to ensure that the condition of the product,

whenever presented for sterilization, is controlled and does not compromise the effectiveness of the
sterilization process.

© 1SO 2009 — All rights reserved 11
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7.7 The effectiveness of the system defined in accordance with 7.6 shall be demonstrated. For medical
devices to be supplied for single use, this demonstration shall include estimation of bioburden in accordance
with EN ISO 11737-1. For reusable medical devices, this demonstration shall include assessment of the
effectiveness of preparatory measures such as cleaning and, if applicable, disinfecting. This may also include
an assessment of any organic and inorganic contamination.

NOTE Standards for equipment for cleaning and disinfecting medical devices prior to sterilization have been
published (see EN ISO 15883). These standards will include methods to demonstrate the effectiveness of a cleaning and
disinfecting process.

7.8 The medical device manufacturer shall evaluate the formaldehyde retention characteristics of product

all consider the limit values referred to in Annex E of EN 4180:2003 as well as other avarlable
toxicological data.

8 Process definition
8.1  The pyrpose of this activity is to obtain a detailed specification for the sterilizationyprocess to be apgplied
to defined pfoduct (see Clause 7) to achieve the required microbicidal efficacy, ‘without compromising the
safety, quality and performance of that product.

8.2 The sjerilization process applicable for defined product shall be <« stablished by demonstrating the
attainment of process parameters by measurements, if practical; and

a) demonsirating an overkill by using the method described in AnnexB, or

b) delivering the sterilizing agent under conditions so designed that process provides less lethality thgn the
intendeq sterilization process to defined product (see Annex A).

NOTE Procedure b) can only be used under experimental)conditions.

8.3 Biologj|cal indicators or inoculated carriers;used as a part of the establishment of the sterilization
process shall:

a) conform|to EN ISO 11138-1 and, if theimethod described in Annex B is used, B.2.2.
NOTE Fqr disposal of biological indicators attention should be paid to instructions provided by its manufacturer.

b) be placed in product at positions determined to be most difficult to achieve sterilizing conditions of in a
PCD (sge EN 867-5).

8.4 If chemical indicators are used as part of the establishment of the sterilization process, these|shall
conform to EN ISO 44:40-1.

NOTE Fqr disposal of chemical indicators attention should be paid to instructions provided by its manufacturer.

8.5 If tests of sterility are performed during the establishment of the sterilization process such tests shall
conform to EN I1ISO 11737-2.

8.6  Sterilization process establishment shall include methods to bring residual levels in product down to
levels not higher than those specified in 6.2 of EN 14180:2003. The parameters for this treatment shall be
based on the most challenging process conditions with regard to residues.

NOTE 1 The choice of process parameters may affect the residue levels.

NOTE 2  The disposal and handling of chemicals and indicators used at sterilization process development should be
considered.
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Product shall meet its specified requirements for safety, quality and performance after bei

to the most challenging sterilization process parameters identified.

ng subjected

When the manuals for a reprocessable medical device contain detailed sterilization requirements and these
requirements are fulfilled, the requirements for safety, quality and performance are deemed to be met
(See EN ISO 17664).

8.8

The established sterilization process shall be defined, specified and documented.

9 Validation

9.1

9.1.1| The purpose of validation is to demonstrate that the sterilization process.-establishe
definftion (see Clause 8) can be delivered effectively and reproducibly to the sterilization loa
consists of a number of identified sequential stages; installation qualification; pperational qual
performance qualification.

NOTEH For re-qualification see 12.3.

9.1.2| Test equipment for validation shall be specified.

NOTH Annex C of EN 14180:2003 gives guidance on this subject.

9.1.3| Upon installation, but prior to installation qualification, the calibration and ag
instrymentation (including any test instruments) used for:monitoring, controlling, indicating or re

be cqnfirmed (see 4.3.3).

9.1.4 Prior to validation at least the following information or documentation shall be checked fg
appli¢ability:

— qualification and training status of personnel;

9.2

9.21

General

standard operation procedures for the sterilization process, including documentation for routi
process control, monitoring, product release, and for scheduled maintenance of the equipme

alidated efficacy of the-eleaning and disinfecting process for the products to be sterilized;
diser manual and technical documentation of the LTSF sterilizer and its accessories;
erificationthat supplies and consumables for the sterilizer conform to their specifications;

¢ompatibility of the products and their packaging to LTSF sterilization processes;

] in process
d. Validation
fication; and

justment of
cording shall

r validity and

ne operation,
nt;

ackagimnyg fists—amndconfiguration schemes of theproducts used for routine operatior;

configuration schemes of products intended to be used for performance qualification.
Installation qualification

General

Installation qualification shall be undertaken to demonstrate that the sterilization equipment and any ancillary
items have been supplied and installed in accordance with their specification (see C.9.2.)

© 1SO 2009 - All rights reserved
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9.2.2 Insta

9.2.21

2009(E)

llation

A specification shall be documented for the location in which the equipment is to be installed,

including any service required (see EN 14180:2003, Clause 10). Any special precautions and provisions shall

be identified

9.2.2.2

(for example, safety equipment).

health and safety of personnel.

9.2.2.3
composition

remain within specification shall be available.

Instructions for installation shall be documented, and shall include instructions pertinent to the

Instructions for the safe storage of the microbicidal solution to ensure that its quality and

9.224
during Install

9.2.2.5

9.2.3 Equi
9.2.3.1

Requirement
and labelling

9.2.3.2
NOTE E

9.2.3.3

9.3 Operg

9.3.1 Ope
installed equ

NOTE
considered.

TH

9.3.2 Resl|

9.3.3 Ope
program sha

There shall be no leaks or unintended effluent or emissions.

The conformance of the sterilizer and any ancillary items to specification-shall be verified.

It shall be verified that appropriate operating pro¢edures for the equipment are available.

ation Qualification.

bment

s for the information to be provided are specified in Clause 9 ofEEN 14180:2003, and for ma
in Clause 8 of EN 14180:2003.

L Declaration of conformity or corresponding certifications imay be used for verification.

tional qualification

pment is capable of delivering the, sterilization process within defined tolerances (see C.9.3.

ational qualification shall be carried out in accordance with a specified test program
| define requirements to be verified, test equipment and procedures, and acceptance criteria

NOTE 1 G
and test proc

idance.for a test programme is given in Table B.1 of EN 14180:2003. Specifications for suitable test
ures for operational qualification tests are given in Annex A of EN 14180:2003.

Its of the installation qualification shall be available prior to operational qualification (see 9.2).

Drawings of the equipment as installed, plumbing, and any ancillary equipment shall be fineLIized

rking

Equipment safety in accordance with criteria stated in the. sterilizer specification shall be verified.

ational qualification shall be carried put using specified test loads and shall demonstrate that the

1),

e disposal and handling of ,chemicals and indicators used at sterilization process development shotild be

The

loads

NOTE 2
burden.

These tests should be performed in combination in order to reduce overall time, effort and environmental

9.3.4 Reproducibility of the supply, control and monitoring of sterilant within the established values and

tolerances st

14

ated by the manufacturer shall be verified (For further guidance see C.9.3.5).
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9.4 Performance qualification

9.4.1 General

9411 Performance qualification is the stage of validation that uses product to demonstrate that
equipment consistently operates in accordance with predetermined criteria and the process produces product
that is sterile and meets the specified requirements.

9.4.1.2 Results of the operational qualification shall be available prior to performance qualification
(see 9.3).
9413 Performance qn:llifir\afinn shall be carried out-in-accordance with-a epor\ifinr‘l test program. The

program shall define requirements to be verified, test equipment and procedures, and acceptancq criteria.

9.4.114 For establishments that have widely varying load configurations (e.g. hospitalg), the most
challgénging load configuration(s) in compliance with the instructions for use shall be defined.

Factqrs that shall be considered when defining the most challenging load configuration(s) include but are not
limited to:

— sterilant consumption;

— air removal and sterilant penetration;

— sterilant desorption;

— \rapping;

— thermal characteristics of the product, e.g. slow warm-up.

9.4.1{5 The manner of presenting the product-for sterilization and the packaging shall be eqyivalent to the
manrner specified for routine use (See 9.4.1).

9.4.1{6 Reproducibility of the cyclesshall be demonstrated by performing at least three ¢xposures of
prodyct.
NOTEH If failure can be attributed. o' factors not relevant to the effectiveness of the process being valiflated, this test

may e documented as unrelatedtoperformance of the process without requiring three further successful rins. Examples
of this type of failure include,.but” are not limited to power failure, loss of service, or failure of exterpal monitoring
equipment.

9.4.1|7 Physical-~microbiological and desorption performance qualification shall be carried odt, separately
or in pombination.

9.4.1(8 IfS.chemical indicators are used in performance qualification, they shall [conform to
EN I$0O 11140-1 and any subsequent parts of EN ISO 11140 which are applicable to the process

NOTEH For disposal of chemical indicators attention should be paid to instructions provided by its manufacturer.

9.4.2 Performance qualification — physical

9.4.21 The physical performance qualification shall verify that those physical parameters given in the
sterilization process specification are achieved when using representative challenging load configurations.

NOTE For thermometric tests A.3.2 of EN 14180:2003 and for pressure profile test A.3.4 of EN 14180:2003 may be
used for guidance.

9.4.2.2 Reproducibility of the supply, control and monitoring of sterilant within the established values and
tolerances stated by the manufacturer shall be verified (For further guidance see C.9.3.5).

NOTE Results from operational qualification (see 9.3.4) might be used for this verification if equivalence can be
demonstrated. In this case demonstration of equivalence should be documented.
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9.4.3 Performance qualification — microbiological

Microbiological performance studies shall be carried out in accordance with Annex B.

NOTE 1 The method described in Annex B is the only method known to be commonly used at this time for

microbiologica

| performance qualification of LTSF-processes.

NOTE 2  The appropriate number and location of Bls to be used depends on the number and character of items in the
load under study. Table B.1 of EN 14180:2003 may be used for guidance.

NOTE 3  For disposal of biological indicators, attention should be paid to instructions provided by its manufacturer.

9.4.4 Perfgrmance qualification — desorption and drying

9.4.4.1 Deésorption

The capabilify of the process to reduce the residue levels below the specified limits shall.be verified during

desorption s
The rationalg

NOTE P¢

9.44.2 Di

Drying perfoimance shall be verified by visual inspection (see A.3.6,0f EN 14180:2003).

dies.

shall be given for the number and types of test items to be used.

ying

9.5 Review and approval of validation

9.51 The
the acceptab

9.5.2 Docy
qualification
documented

rtinent method for residues evaluation are given in EN 14180:2003, Annexes A, D and E.

purpose of this activity is to undertake andydocument a review of the validation data to cqnfirm
ility of the sterilization process and to approve the process specification.

mented information gathered ot produced during installation qualification and operational
shall be reviewed for acceptability (see also 4.1.2). The results of this review shgll be

9.5.3 Perf¢rmance qualification shall be documented and reviewed. Records shall at least includg the

following:

a) preparafions made befare,sterilization such as:

— pac

— loaq

king of items’and packing material used;

ingequipment used;

— |OaL il 1y CUI |figw dtiUIl Wlti IiII ti I btUI i“LUI,

b) the combinations of product (load) and cycle tested;

c) sterilant exposure data as declared by the sterilizer manufacturer to govern the generation and supply of

sterilant

to the chamber e.g.:

— the amount of microbicidal solution used;

— the

— the

16

chamber pressure versus time profile;

chamber and load temperature;
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— other time periods;

— direct analysis data;

d) results of the evaluation of the physical parameters in accordance with 9.4.2;

e) results of the microbiological studies in accordance with 9.4.3;

f)  results of the desorption studies as required by 9.4.4.1:

— formaldehyde residues measured as described in Annex D and/or E of EN 14180:2003;

g) rlesults of the drying studies as required by 9.4.4.2.

The

justification for acceptance of each combination shall be documented.

9.5.4
by 9.

4.2 ir] this document.

10 Routine monitoring and control

10.1

10.1.
steril

10.1.
resid
the d

NOTE

10.1.

perfo

10.1.4 Pressure-temperature-time diagrams shall be recorded and it shall be verified that

varia

10.2

If bioj
cond

ecords generated for combinations of product (load) and process shall be reviewed/for a

A validation report including data, considerations and decisions based upon the activitie
5.2 and 9.5.3 shall be generated. The report shall be approved and signed in accordance

General

I The purpose of routine monitoring and controlis to demonstrate that the validated 4§
zation process has been delivered to the produet:

P There shall be evidence through physical measurements, supplemented as necessary by
al, biological and/or chemical indicaton testing, that the LTSF sterilization process was de
bfined tolerances.

The frequency of testing sheuld be based on evidence of the reproducibility of the process.

B Routine sterilization shall be carried out in accordance with the limitations establ

rmance qualification, e~g, for type of products and packaging.

bles were within Specification.

Biological indicators

cceptance. A

5 as required
with 4.1 and

nd specified

results from
ivered within

shed during

all process

ogic€al indicators are used in routine monitoring, these indicators, and the recovery medi

tions used, shall conform to EN ISO 11138-1 and, when applicable, B.2.2. The number of i

and culture
dicators and

the use of process challenge devices (PTD) shall be jusiified and documented. The results of testing shall be
documented.

NOTE 1 When the method in Annex A is used, A.2.b might not be applicable.

NOTE 2  Attention is drawn to EN 867-5 specifying a hollow-load PCD.

NOTE 3

©I1SO
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10.3 Chemical indicators

If chemical indicators are used in routine monitoring, they shall conform to EN ISO 11140-1. The results shall
be documented.

NOTE 1 Effective desorption, as required by EN 14180, may affect the performance of chemical indicators.

NOTE 2 For disposal of chemical indicators attention should be paid to instructions provided by its manufacturer.

10.4 Records

10.4.1 All rdcords related to the routine monitoring and control shall be retained in accordance with 4.1.

10.4.2 Datal shall be retained for each sterilization cycle to demonstrate that the sterilization process
conforms to its specification. These data shall include at least the following:

a) records jof temperature and pressure in the chamber throughout the sterilization cycleymeasured fom a
representative position within the chamber;

b) records pf data concerning the supply of sterilant.

11 Product release from sterilization

11.1 The cijiteria for designating conformance of the sterilization process used for a particular sterilization
load to the pfocess specification shall be documented. These criteria shall include:

a) conformpnce to the process variables and their parameters established by the sterilization process
specification (see 8.8),

b) if chemigal indicators are used as part of product release, complete colour change of these (see 10.3)

c) if Bl arelused as a part of product release, @cceptable results from culture of these (see 10.2),
d) any othdr indication specified by the manufacturer of the sterilizer.
11.2 Sterilizers in compliance with-EN-14180 are deemed to allow parametric release.

11.3 Produg¢t shall be congidered as non-conforming and handled in accordance with documgnted
procedures (see 4.4) if any of theé criteria for designating conformance given in 11.1 is not met.

12 Maintginingprocess effectiveness

12.1 Geneial

12.1.1 The continued effectiveness of the system for ensuring the condition of the product presented for
sterilization (see 7.6) shall be demonstrated.

12.1.2 The accuracy and reliability of the instrumentation used to control, monitor and record the sterilization
process shall be verified periodically in accordance with 4.3.3.

12.2 Maintenance of equipment
12.2.1 Maintenance shall be planned and performed in accordance with documented procedures.

NOTE 9.2 and 9.5 of EN 14180:2003 specify data that should be available when planning maintenance.
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12.2.2 Equipment shall not be used to process product until all specified maintenance tasks have been
satisfactorily completed and recorded.

12.2.

3 Records of maintenance shall be retained (see 4.1.2).

12.2.4 The maintenance scheme, maintenance procedures and maintenance records shall be reviewed at
specified intervals by a designated person. The results of the review shall be documented.

12.3

Requalification

12.3.1 Requalification of a sterilization process shall be carried out for defined product and specified

equig

Thei
NOTH
12.3.
12.3.

docu
corre

12.4

htervals for and the extent of requalification shall be justified and documented.

R Requalification procedures shall be specified and records of requalification(retained (see

mented procedures. Records shall be retained (see 4.1.2) of reviews of requalification data,

Assessment of change

A change to equipment, product, packaging or presentation 6f'product for sterilization shall be as

impa
deten
docu

Ct on the effectiveness of the sterilization process. Theé extent of qualification that is neces
mined. The outcome of the assessment, including the rationale for decisions reach
mented.

ctions made and corrective actions taken when the specified acceptance criteria are not met

ment at defined intervals and in accordance with the result of the assessment of any chande (see 12.4).

National regulations may state specific requirements regarding the extent of and intervals‘for requalification.

1.1.2).

B Requalification data shall be reviewed against specified acceptance criteria in accordance with

together with

sessed for its
sary shall be
bd, shall be
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Annex A
(normative)

Process definition based on inactivation of reference microorganisms
and knowledge of bioburden on product items to be sterilized

A.1 Gene

This approaq
this approac
the variability

at

h has been referred to as the “combined biological indicator/bioburden method”. Guidan
h can be found in EN ISO 14161. Due to the variability of the bioburden in health.care fac
of product and the limited availability of microbiological testing, this method ,iS|not likely

used in health care facilities.

A.2 Proce

Establish thg
sterilization {

agent, by on

a) placing
to achie

b)

c) inoculati
referend
and hen
packed,

NOTE 1 Fq

Pack the ch

routinely and

dure

location within the product at which sterility is most difficult to,achieve. Create a challenge
rocess, comprising a known number of microorganisms with known resistance to the ster
e of the following approaches:

biological indicators within the product at position(s) where sterilizing conditions are most d
€;

placing &n inoculated carrier at position(s) where sterilizing conditions are most difficult to achieve;

hg the position(s) within product where sterilizing conditions are most difficult to achieve
e organisms. When the product is inaculated in this manner, it becomes the supporting ma
ce the packed product meets the(definition of a biological indicator. Subclause 8.3 require
inoculated product to meet the requirements of EN ISO 11138-1.

r disposal of biological test material attention should be paid to instructions provided by its manufactur

bllenge, created in accordance with the list above, in the same manner as products prog

conditions sg¢lected to deliver.less lethality than those conditions to be used routinely, such that not 3

reference mi
by a most pr

NOTE 2 TH
concentration

croorganisms’have been inactivated. Determine the number of microorganisms surviving,
pbable number technique or by direct enumeration.

e surviver curve test method as described in EN ISO 11138-1 can be used only in case the formald
pveritime is predictable.

be on
lities,
to be

o the
lizing

fficult

with

terial
5 this

Er.

uced

included within the_sterilization load. Expose the sterilization load to the sterilizing agent {inder

Il the
Bither

ehyde

Calculate the rate of inactivation of the reference microorganisms.

From knowledge of the bioburden (see EN ISO 11737-1) and the rate of inactivation of the reference
microorganisms, determine the extent of treatment required to achieve the specified requirements for sterility.
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Annex B
(normative)

Process definition based on inactivation of reference microorganisms

B.1

General

B.1.1

This
proce
differ
is di
Ther
may
apprq

B.1.!
The
Seve

cons

—

— nated surfaces;

JEN— q

4

Spec
such

Long
chos
The

locat

Overkill approach

approach to the definition of the process has been widely employed; particularlyyfor“produ
ssed in health care facilities. Qualifying a sterilization process for such products employs

icult to define and pre-treatments such as cleaning are sometimes difficult to validate

pxceed the minimum requirements to achieve sterility. This approach has’'been referred to a
ach”. Guidance on this approach can be found in EN ISO 14161.

P Penetration characteristics into medical devices

ange of medical devices to be exposed to LTSF sterilization represents designs of differen
ral design characteristics of medical devices can (provide a penetration challenge tha
dered. Such design characteristics include, but are*not limited to:

ontacting sliding surfaces;

crews;
bng lumens, e.g. hollow devices;
Lbricated areas.

fic attention has o, be paid to verifying the presence of sterilizing agent at the worst case
designs.

narrow lumen devices are commonly re-sterilized in healthcare facilities and are therefor

cts to be re-
an approach

bent from that adopted with most virgin products. This is because the challenge-othe sterilization process

and control.

fore, sterilization processes applied in these situations are conservative)and employ a trieatment that

5 the “overkill

t complexity.
t should be

locations of

e likely to be

bn as awworst case penetration challenge. They have large interior surface areas and low int

rior volumes.

bterilant-is absorbed by condensate or adsorbed at the surfaces starting from the entrance. Worst case
ons,are generally in the middle part of tubes open at both ends or at the end of dead-ended fubes.

In case biological indicators cannot be placed in the worst-case locations it may be necessary to inoculate
these locations with reference germ suspensions (see B.2.2). In that case, the retrieval process shall be
validated. Alternatively, to prevent expensive and time-consuming inoculation processes, a PCD loaded with
biological indicators in accordance with B.2.2 may be used. If so, the PCD shall present at least the
penetration challenge of the original device. Furthermore, the packaging shall be taken into consideration

since

©I1SO

wrapping may obstruct sterilant penetration as well, especially when wet.
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B.2 Test procedure

B.2.1 General
LTSF-sterilization processes usually consist of air removal and conditioning (phase 1) followed by the holding

time (phase 2). Both phases together contribute to microbial inactivation. Additionally, microbial inactivation
continues during desorption. Therefore it is difficult to define and perform a reduced cycle.

B.2.2 Biological indicators

A Fg|o-value of (33 £ 3) min at 60 °C for Bl is considered adequate for performance qualification and process
definition purposes to demonstrate overkill using a full process.

NOTE THe minimum value is based upon the requirements given in EN ISO 11138-5.

B.2.3 Test|systems
Define the mpst difficult penetration location in accordance with B.1
— if feasible put biological indicator (Bl) at this location or

— use PCI(s) (B.1.2) and place Bl inside or

NOTE Hgllow load PCD in accordance with EN 867-5 are considered suitable’as a penetration challenge devicg.
— inoculatg the medical device directly at the worst case location ahd assure that it conforms to B.2.2

Package in the same manner as the products sterilized routinely*and include them within the sterilization Joad.

B.2.4 Load configuration

Define the mpst challenging load configuration in compliance with the instructions for use.
Factors that ghall be considered include but are not limited to:

— sterilantjconsumption;

— airremoyal;

— wrapping;
— thermal pharacteristics)ofthe product, e.g. slow warm-up.
B.2.5 Testing

B.2.5.1 Jse the load configuration as defined in B.2.4 and use Bl in accordance with B.2.2. Place them in

accordance with’/B.2.3 and distribute the Bls in sufficient number to achieve statistically relevant data gnd to
demonstrate sufficient microbicidal efficacy throughout the load.

NOTE A minimum of 10 indicators up to 100 | and 5 indicators more for each additional 50 | is considered to be
adequate.
B.2.5.2 Carry out the sterilization process, or a reduced cycle process if applicable, and check the

biological indicators for growth. For culturing Bl follow the specific procedures described in EN ISO 11138-5.
No surviving microbiological indicators shall be detected.
NOTE For disposal of Bl attention should be paid to instructions provided by its manufacturer.

B.2.5.3 Repeat the sterilization process at least twice to achieve results of 3 cycles in total to prove
reproducibility of the process.
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Annex C
(informative)

Guidance on application of this European Standard

The guidance given in this annex is not intended as a checklist for assessing compliance with this European
Standard. This guidance is intended to assist a uniform understanding and implementation of this standard, by
providing explanations and acceptable methods for achieving compliance with specified requirements. It
highlights important aspects and provides examples. Methods other than those given in the guidance may be
used| providing their performance achieves compliance with this European Standard.

The main headings in this annex follow the chapter headlines and numbering in the_main docyment. Below
the main headlines the sub headlines and their numbering are not consistent with thelsub head|ines and the
numiering in the main document.

C.1|Scope

No fyrther guidance given.

C.2 INormative references

No fdrther guidance given.

C.3 |Terms and definitions

No fyrther guidance given.

C.4 |Quality management system elements

Refefence is made to E.226fEN 1SO 14937:2000.

C.5 [Sterilizing:agent characterization

C.5.1 Neutralization

Before_ecommencing any investigation of microbial inactivation it is necessary to ensure that the results of the
investigation are not influenced adversely by microbicidal or microbiostatic effects due to carry-over of the
sterilizing agent or its residuals into the recovery system.

For LTSF sterilization in accordance with the specifications given in EN 14180 significant dilution is achieved
by the desorption phase of the sterilization cycle (see 6.2 of EN 14180:2003). Further reduction is needed
prior to incubation and is achieved by use of neutralizing chemical agents and the procedures described in
EN ISO 11138-5:2006, A.3.
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C.5.2 Studies of microbial inactivation

C.5.2.1 General

C.5.2.1.1 Formaldehyde in aqueous solution has been demonstrated to have a high level of antimicrobial
activity. In LTSF sterilizers a formaldehyde solution (microbicidal solution) is evaporated into a gas mixture
containing steam and formaldehyde. This principle has been successfully used for more than 30 years. The
microbicidal activity is achieved by the condensate film on the surface of the medical devices to be sterilized.
Before the commencement of the holding time equilibrium between the gas phase and liquid phase will be
achieved and microbial inactivation may already have started. Sterilization temperatures between 48 °C and
80 °C and formaldehyde concentratlons of the sterlllzmg agent between 2 % and more than 35 % have been
applied. Differe estat - feve—the

inactivation r|

C.5.21.2
processes,
validation an

Bpores of G. stearothermophilus have been found to be highly resistant to LTSF |sterilization
nd proved to be appropriate for inactivation studies and for biological indicators for process
d routine monitoring. Providing proper air removal and sterilizing agent penetratien of the prpduct

A

q

to be steriliZ

semi-logarith

kinetics of th

C.5.2.2 St¢rilizing agent and associated equipment

C.5.2.21

may be perf
details and
the microbici

C.5.2.2.2
relevant vari
equipment a

C.5.2.2.3

C.5.2.24
inactivation s

C.5.2.2.5
B.2.2.

C.5.2.2.6
D.3.2inENI

C.6 Proce

No further gu

The reproducibility of the set-up and operation offequipment and the monitoring and control

ed and in addition constant temperature and formaldehyde concentrationat’product surf
Mmic plots of microbial counts versus exposure time are linear. This makesTit possible to defin
b microbial inactivation and to calculate the theoretical probability of a suryiving microorganis

Btudies on defined and reproducible sterilant generation and“sterilizing agent characteriz

Hal activity, need to be identified.

bbles should be considered. Written procedutes should be prepared prior to operation g
nd performance of the studies.

n case changes to the set-up-have been made, their impact on the outcome of mic
tudies should be assessed and.documented.

For biological indicators for use with LTSF sterilization, reference is made to EN ISO 11138-

Suidance on development of microbiological test methods and their validation can be fou
SO 14937:2000:

ss and equipment characterization

ces,
e the
m.

ation

brmed with laboratory equipment, prototype or routine pfeduction-type equipment. The process
dny associated equipment should be specified. In addition’all cycle parameters, that could

hffect

of all
f the

The set-up and results of each study-should be documented and retained to enable re-evaluation.

robial

and

nd in

idance given.

C.7 Product definition

C.7.1 General

The LTSF sterilization process can adversely affect the integrity of medical devices and their packages. These
effects need to be evaluated.

Some design characteristics of the product may inhibit full air removal and penetration of the sterilizing agent.
Some packaging materials and devices could impede the sterilization process or the desorption of
formaldehyde. The manufacturer of the product is required to provide information about suitable packaging
and sterilization processes (EN ISO 17664).
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C.7.2 Design considerations for medical devices intended for sterilization

C.7.21 Product function

The product is subjected to various environmental stresses during LTSF sterilization, such as pressure,
temperature and relative humidity. The product might also chemically react with the sterilizing agent. The
product design has to ensure that functionality and safety are not compromised by exposure to the anticipated
range of cycle variables. The minimum and maximum values for process variables and their rate of change
should be considered when establishing the most severe challenge to the product including the package. The

effects of multiple exposures to the sterilization process should be evaluated.

C.7.2.2 Design configuration and tolerances

Design configuration and tolerances are important for air removal, delivery and penetration’ of {
agenf and its distribution onto the surfaces to be sterilized. Effective desorption of the sterilizing
to beg ensured. If fitments are intended to maintain sterility, they should be designedito preven
contgmination of surfaces intended to be sterile.

C.7.2.3 Materials composition

C.7.2.3.1 It is important to select materials with adequate resistance’to chemical and phys
caused by the sterilizing agent over the anticipated range of cyete ‘variables. Properties such
strenpth, permeability, dimensions and resilience should be evaluated after sterilization to en
matefials are still acceptable for use. Degradation effects due tarexposure to the sterilization prog
crazing, embrittlement and phase separation should be determined. The effects of multiple exp
sterilization process need to be studied and evaluated. WWhen necessary, the maximum allowab
exposures shall be stated.
C.7.2.3.2 The biocompatibilty of materials after exposure to the sterilization process should be
C.7.2.3.3 If the retention characteristics. of ‘the actual products are lower than those of th
efficdcy indicator, this indicator is an acceptable challenge device for this product. If the produ
retention characteristics than the desarption efficacy indicator, this product should either be u
desofption testing or a new desorption challenge device needs to be chosen.

C.7.3 Packaging considerations

The
until
effec

ajor function of a.package for a sterilized medical device is to ensure that the product re
sed. During sterilization, the package is intended to withstand the process conditions witho
(e.g. absorption and/or chemical reaction) on overall product quality.

Packpging considerations are addressed in more detail in EN 1ISO 11607 and EN 868.

he sterilizing
agent needs
t inadvertent

cal changes

as physical
sure that the
ess, such as
bsures to the
le number of

pssessed.
e desorption

Ct has higher
sed itself for

mains sterile
ut a negative

C.8 |Process definition

C.8.1 General

Process definition is undertaken to define the process parameters and their tolerances. It includes at least two
parts; one assessing the impact of a range of candidate process parameters on the product and packaging,
and the other defining those process parameters, that will achieve the specified requirements for sterility of the
product.
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C.8.2 Influence on product and packaging

As sterilization could influence product performance, a careful selection of values and tolerances for each
process parameter should be undertaken during process definition. In general, those parameters which, when
increased, significantly improve sterilization effectiveness without adversely affecting product performance
should be maximized during this stage. Conversely, those parameters which, when increased, adversely
impact product performance without significantly improving sterilization effectiveness should be minimized
during this stage. In addition, if there is a threshold value observed during these studies above which
significant adverse effects on product or packaging are observed, it should be documented. To provide a
safety margin for the process, the operating parameter concerned should be sufficiently below this threshold
level.

C.8.3 Determination of process effectiveness

C.8.3.1 Gg¢neral
The sterilizafion process will be defined based on the inactivation of microorganisms. The€se microorgamisms
could be either the natural contamination on the product or reference microorganisms-that present at legst as
great a challenge as does the bioburden on the product. A number of stages in the:determination of prgcess
effectivenesqd should be performed to have confidence in the selection of the,process parameters. YWhen
biological indicators are to be used, these stages include:

selection of the biological indicator,

determination of the location most difficult to sterilize,
assessnpent of lethality at this location, and

evaluatipn of the influence of packaging and load configuration.

C.8.3.2 Selection of biological indicator

Geobacillus
(EN 1SO 111
indicator shq
microorganis
the product 4
as appropria

stearothermophilus has been identified as a suitable micro-organism for testing LTSF-ster

uld have a relatively high~yresistance to the sterilization process when compared to
Ims evaluated. The challenge presented by the biological indicator should be compared to t
ioburden and, if the challenge is greater than that of the product bioburden, it can be consi
e for process definition and subsequent validation studies. While it is not necessary to dete

izers

38-5). If a process is being developed (in industry) based on the actual bioburden, the biolggical

other
nat of
lered
mine

the D-value irden

population. R

or each bioburdenmisolate, it is important to assess the more resistant portion of the biob
elative inactivation can be assessed via graded exposures to the sterilizing agent.

C.8.3.3 Plgcementof the biological indicator

Once the biplogical indicator has been selected, an appropriate location within the product has {o be
established. [This location can be established based on an expert understanding of the process gnd a
documented rationale for why a given location will be the most difficult to sterilize. If this cannot be done with
certainty, then a number of locations that are likely to be difficult to sterilize should be evaluated. A biological
indicator should be placed at each of these locations within product and the product exposed to a fraction of
the sterilization process. The location which consistently yields the greatest number of survivors should be
chosen.

A

g
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C.8.3.4 Selecting the process parameters

From the range of values for the process variables studied in C.8.2, a single value with its tolerance should be
defined for all but one of the process variables. Usually the process variable that is not defined is time. A
series of studies is performed to generate a survivor curve, which is extrapolated to enable the process to be
fully defined. The form of the survivor curve can be different from that observed during earlier characterization
studies. For instance, the survivor curve observed during characterization may have been a straight line. This
might be expected when the process parameters are fully achieved at process start, and fully depleted at the
end of the process. When measuring inactivation at the most difficult to sterilize location, however, the
process parameters may not be fully achieved at start of the holding time or fully depleted at the end of the
process. In such cases, the effectiveness of the sterilizing agent will increase with time. Conversely, if the
process parameters decay with time the microbicidal effects of the sterilizing agent will deteriarate In this case,
there|is greater risk in predicting end points, and it is recommended that other values for the process variables
be eVfaluated.

C.8.3.5 Process residues
It is widely known from experience that residual (para)formaldehyde will remaincon’product aftef exposure to

LTSH. Therefore, a desorption phase after exposure is part of a LTSF-process.”EN 14180 spgcifies a test
methpd for residues of (para)formaldehyde.

C.9 |Validation

C.9.1 General
C.9.11 A validation study has at least the four main-eléments described in C.9.2 to C.9.5.

C.9.1.2 Any test equipment used for measurement of physical parameters needs to be adjusted to the
required accuracy. This accuracy needs to be confirmed by valid calibration documentation in acqordance with
the applicable standards (see e.g. EN 14180:2003, Annex C).

C.9.13 Documented results of type testing or production testing (in accordance with EN 14180) can be used
as additional data for qualification providing these results were obtained under a specified quality system.

C.9.2 Installation qualification(IQ)

C.9.21 establish and document purchase, design and installation requirements. As soon gs installation
permjts, the established Construction and installation should be assessed, and it should be velified that the
written requirements are-met.

This perification should focus on those properties that might be affected by improper production,|delivery and
installation, including at least:

— diniquéidentification and complete labelling of the equipment (see EN 14180:2003, Clause 8);

— availability of the documentation ta be provided by the supplier (see FN 14180:2003, Clause 9);

— completeness of the installation including all functional components and ancillary items;

— provision and proper supply of all services as specified in Clause 10 of EN 14180:2003. Special attention
should be taken to the quality of water and of the microbicidal solution supplied:

— installation site facilities and provisions as required by safety or environmental aspects in accordance with
10.8 of EN 14180:2003 and, if applicable, by European Directives and national legislation.

C.9.2.2 IQ should be documented. Reference should be made to existing documentation.

C.9.23 IQ should be reviewed and approved by a designated person prior to operational qualification of
the equipment.
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C.9.3 Operational qualification (0Q)

C.9.3.1 0OQ consists of documented testing of the equipment over its defined and installed operating
range to verify consistent operation.

C.9.3.2 To perform OQ, standardized test procedures, test equipment, test loads, indicators and test
cycles should be applied (see e.g. EN 14180:2003, Annexes A, C and Table B.1).

C.9.3.3 Prior to OQ calibration of all instrumentation used for process control, monitoring, indication and
recording should be performed in order to confirm adjustment as specified. If adjustment has already been
confirmed recently (within a justified time span) and has been properly documented, e.g. in the course of final
production tgstsorroutime maintenance; futtrecatibration may bereptacedby-spotchecks:

C.9.34 A\t least the following tests should be part of the OQ:

— vacuum|leak test;

— check of all essential functions of the sterilizer;

— temperafure measurement of the empty chamber walls as preheating test;

— pressurg and temperature profile tests of the usable space including theteference measuring point (small
or full load);

— verificatipn of air removal and sterilant penetration by use ofcsuitable process challenge deviceq with
specified indicators as part of the load;

— microbidlogical test (small or full load);
— desorptipn test (small load);
— drying tgst (small or full load).

Evaluation of the test results should verify that the relevant process parameters and process control switch
points are within the limits specified by thesmanufacturer.

These tests |should be performed ,in ‘eombination in order to reduce overall time, effort and environnjental
burden.

C.9.3.5 n order to fulfilthe-tequirements in 9.3.4 the quality of steam and reproducibility of the supply of
the sterilant |to the process-in sufficient amount should be verified. Information that can be used fof this
purpose inclydes, but maynot be limited to:

— temperafure, and*pressure profiles,

— informatlen
— amount of microbicidal solution used.

C.9.3.6 0Q should also include verification and functional checks that the process monitoring system is
functioning properly.

C.9.3.7 Built-in alarm and other safety functions should be verified.

C.9.3.8 0OQ should be documented and then reviewed and approved by a designated person prior to
performance qualification of the process.
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C.9.4 Performance qualification (PQ)

C.9.4.1 When product used for PQ is presented to sterilization and packaged equivalent to the most
challenging load configuration in compliance with the instructions for use, any less challenging load
configuration is considered to be validated as well (See B.2.4).

C.9.4.2 Foreseeable changes in product or process in routine production should be considered when
defining the most challenging conditions to be tested in PQ. Otherwise change control will become applicable,
see C.12.1.

C.9.43 In order to demonstrate reproducibility for a specific sterilization cycle, at least three runs of that
cycle i ; fatiorn i i i r these runs
may |allow a better assurance of reproducibility. In each of these runs all cycle parametels should be
meagured and demonstrated to be within their specified tolerances. Between these runs other sterilization
cycles could be run, but not the specific cycle under study.

C.94.4 At least the following tests should be part of the PQ:
— pressure and temperature profile tests;

— VYerification of air removal and sterilant penetration capability of the process e.g. by use of suitable
process challenge devices with specified indicators as part of thedload;

— 1nicrobiological tests;
— drying test;
— desorption test.

As far as possible these tests may be performed in combination to reduce overall timg, effort and
envirpnmental burden.

C.94.5 Microbiological PQ tests
See Annex B. Annex A is a possible\alternative mainly for industrial use.
C.9.46 Desorption PQ tests

When widely varying loads-occur in normal use it could raise practical difficulties to evaluate resiques for each
load.|One possible method of evaluation is:

a) ipentify worstease load with regard to desorption;

The fype of.material of products, the type of wrapping material and the number of layers of wrapping material
influgnce desorption efficacy.

b) select a residues challenge device and verify that the retention characteristics of the residues challenge
device is at least as high as the worst case load items (see also 7.8);

This can be done either by referring to existing data/information or performing comparative testing.
A medical device itself may serve as a residue challenge device.

The disposal and handling of chemicals and indicators used at sterilization process development should be
considered.

© 1SO 2009 — All rights reserved 29


https://standardsiso.com/api/?name=f6a3365d5dde30e0c81668661714e76c

ISO 25424:2009(E)

C.9.5 Documentation and approval of validation

C.9.51 The validation report summarizes the results of 1Q, OQ and PQ. The report includes a critical
review of the results and provides evidence for acceptability.

C.9.5.2 The report should confirm at least that:
— the sterilizer to be used for routine production is identified, installed and connected to services in
accordance with the specifications, it is calibrated, tested and delivers the defined sterilization process as

well as removal of the sterilant below required levels for residues after sterilization;

nd of

Lpply

— provisioms for recording routine monitoring and control parameters of the/process;

— criteria qr parameters (including their tolerances) that are to be used to justify release of the product;

— routine rsts using physical, chemical or biological indicators. or procedures to be performed to establish
continuimg reproducibility of the sterilization process;

— criteria fpr repeating of 1Q, OQ, PQ or parts thereof{requalification).

C.9.54 This validation report should be duly signed by the person(s) responsible for performing the
validation program and release of the report as well as by the person(s) designated in the quality syst¢m of
the product |manufacturer/hospital to approve the validation report. This report may become subjgct to
inspection and conformity assessment by the*manufacturer's Notified Body or governmental authorities.

C.10 Rouytine monitoring-and control

Routine monjitoring and control of LTSF sterilization processes is based primarily on measurements of|time,
temperature,| pressure and the conditions for the supply of the sterilizing agent. EN 14180 gives adeguate
information pn the minimum monitoring and control systems for LTSF-sterilizers. Supplementing these
measuremer]ts by the“use of biological or chemical indicators may be needed if not all critical pr¢cess
parameters fpr sterilization can be adequately controlled and monitored.

Procedures ter—rottine IIIUII;tUI;IIH and—controt—are |cqu;|cd to—enstre—that-the Process palalllctcla f the
sterilization cycle are within limits specified by the manufacturer and verified during the performance
qualification. These procedures should include the tests and checks (e.g. leak test), and the frequency with
which these tests and checks should be performed. The appropriateness of any process challenge devices
that are used and their locations should be demonstrated.
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