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Foreword

[SO (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 non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintefiance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed.for the different types

of ISO document should be noted. This document was drafted in accordance with the editorial rulé
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Introduction

A sterile medical device is one that is free of viable microorganisms. International Standards that specify
requirements for validation and routine control of sterilization processes 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,
can, prior to sterilization, have microorganisms on them, albeit in low numbers. Such medical devices are
non-sterile. The purpose of sterilization is to inactivate the microbiological contaminants and thereby
transform the non-sterile medical devices into sterile ones.

The kinetics of inactivation of a pure culture of microorganisms by physical and/or chemical agents used
to sterilize medical devices generally can best be described by an exponential relationship between the
number| of microorganisms surviving and the extent of treatment with the sterilizing agent; inévitdbly this
means that there is always a finite probability that a microorganism can survive regardless of thg extent
of treatment applied. For a given treatment, the probability of survival is determined by,the numper and
resistarjce of microorganisms and by the environment in which the organisms exist during treatnent. It
follows [that the sterility of any one product in a population subjected to.sterilization processing cgnnot be
ensured and the expression of sterility of a processed population is defined in tefms.of the probapility of
there bging a viable microorganism present on a product item.

The prdcess variables for a moist heat sterilization process,.i.e.ithose which contribute towards niicrobial
lethality, are exposure to adequate temperature for a prérequisite timein-the presence of moisture. Moist
ilization can be utilised as a saturated steam process, where saturated-steam is allowed to |directly
contact|all surfaces to be sterilized, or as a contained-product sterilization' process, where steanj, steam
ith air or other gas, or hot water under pressure are used-as the heating medium in order to generate
moist heat within the sealed contained product./The term saturated, steam describes a theoretidal state
in which water and vapour are in equilibrium and that no other gases are present. In practice theoretical
saturat¢d steam state conditions are not achieved. Mixtures of steam and NCGs, albeit in very low leyels, will
ied to the sterilizer and employed as the sterilizing agent, moist heat.

This dofument describes requiremeiitsthat, if met,@Gvill provide a moist heat sterilization process iptended
to sterilize medical devices, which has appropriate microbicidal activity. Furthermore, conformarjce with
the requiirements, ensures this/activity is both:reliable and reproducible so that predictions can be made,
with repsonable confidence, that there is, a-low.level of probability of there being a viable microofganism
present{on product after every sterilization process is complete. Specification of this probability is 4 matter
for regulatory authorities and can vary from country to country (see, for example, EN 556-1 anfl ANSI/
AAMI STT67).

Generic| requiremerts of thelquality ‘management system for design and development, profluction,
installafion and-servicing dre ‘given in ISO 9001 and particular requirements for quality manggement
systemg forl medical deyice’production are given in ISO 13485. The standards for quality manggement
systemg.recognise that.for certain processes used in manufacturing, the effectiveness of the proces$ cannot
be fully|veritied by sibseguent inspection and testing of the product. Sterilization is an example of such a
process| For this reason, sterilization processes are validated for use, the performance of the ster]lization
process|is monitored routinely, and the equipment is maintained.

Exposure to.a properly validated, accurately controlled, monitored and recorded sterilization proceps is not
the only factor associated with the provision of reliable assurance that the product is sterile and, in this
regard, suitable for its intended use. Attention is therefore given to a number of factors including:

a) the microbiological status of either incoming raw materials or components, or both;

b) the validation and routine control of any cleaning and disinfection procedures used on the product;
c) the control of the environment in which the product is manufactured, assembled and packaged;

d) the control of equipment and processes;

e) the control of personnel and their hygiene;

© IS0 2024 - All rights reserved
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f) the manner and materials in which the product is packaged;
g) the conditions under which product is stored.

The type of contamination on a product to be sterilized varies and this has an impact upon the effectiveness
of a sterilization process. It is preferable that products that have been used in a health care setting and
that are being presented for sterilization in accordance with the instructions for use (see ISO 17664-1) be
regarded as special cases. There is the potential for such products to possess a wide range of contaminating
microorganisms (bioburden) and either residual inorganic or organic contamination, or both,/in spite of the
application of a cleaning process. Hence, particular attention is given to the validation.and\control of the
cleaning and disinfection processes used during processing. The ISO 15883 series provides requirements
for and information on automated cleaning and disinfection processes.

This document describes the requirements for ensuring that the activities asgsociated with €he'[process
of moisft heat sterilization are performed properly. The requirements arethe normativeyparts| of this
documgnt with which conformance is claimed. The guidance given in the informative Annexep is not
intendef as checklists for assessing conformance with the requirements of this document~The guidlance in
the informative Annexes is intended to assist in obtaining a uniform understanding,and implementation of
the requiirements in this document by providing explanations, ratiofiales, examplésdand methods that are
regardgd as being suitable means for conforming with the requirements. Methods other than those given
in the guidance can be used if they are effective in achieving ¢onformance with-the . requirement$ of this
documdnt.

The deyelopment, validation and routine control of a sterilization pro¢ess comprise a number of fliscrete
but intdrrelated activities, e.g. calibration, equipment maintenance;,product.definition, process definition,
installation qualification (IQ), OQ and PQ, during which, along<with other characteristics, compptibility
of prodjict and materials will be ascertained. While the activities required by this document haje been
grouped together and are presented in a particular order, thissdocument does not require that the agtivities
rmed in the order that they are présented. The activities required are not necessarily sequential,
as the programme of development and validation can(be iterative. It is possible that performirng these
different activities will involve a number of either separate individuals or organizations, or both,|each of
whom yndertake one or more of these activities. This document does not specify the particular indjviduals
or orgaJuizations who are responsiblefor carrying-outthe activities.

The requirements of this doctiment are applieable to all settings where moist heat sterilization of medical
devicesl|is carried out. However, this dogument or part of it can be applied to the moist heat steriliZation of
other pfoducts.

Medicall devices processed in angindustrial setting can, in certain circumstances, be manufacturgd using
standar{dised processes that re§ult’in product with a known and controlled bioburden prior to sterilization.
Medicalldevicesprocessed i health'care facilities can include a wide variety of product with varying levels
of biobyrden."Appropriate‘and therough cleaning and, where necessary for safe handling, decontanpination
processes, are used prior to. presenting product for sterilization. Mixed product loads are conmjmon in
facilitiep reprocessing.medical devices with throughput volumes dictated by historical and pfedicted
demand for sterileiproduct,

Anhex A provides guidance on the principles of moist heat sterilization and provides a rationalg for the
requirements( Specific guidance for health care facilities is given in Annex F and for industrial applicafions, in
Annex H.“The numbering and structure of the clauses in Annex F and Annex H correspond to the nugnbering
and structure of the clauses in the normative requirements section of this document.

An overview of the purpose of each normative section is provided at the beginning of Clauses 5 to 12
(see ISO 14937). Table A.1 summarises the purpose of each normative section and suggests the roles and
responsibilities for the organisations and personnel involved in each element of the development, validation
and routine control of a moist heat sterilization process and moist heat sterilizer.

© IS0 2024 - All rights reserved
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Sterilization of health care products — Moist heat —

Requirements for the development, validation and routine

control of a sterilization process for medical devices

1 Sc

| 34

This dojcument provides requirements for the development, validation and routine control of, md
sterilizgtion processes for medical devices. It also contains guidance which\is intended-to exp
requirements set forth in the normative sections. The guidance given is interided to promete good
related [to moist heat sterilization processes according to this document:“The application within in
and heallth care settings is considered.

1.1 Inclusions
Moist heat sterilization processes covered by this document iriclude, but akenot limited to:

a) sat
pri

b) sat
vac

rated steam sterilization in which air is rémpved by passive purging (gravity displs
ciple);

rated steam sterilization in which air is removed by active-dir removal (dynamic air remoy
um/fractionated vacuum principle);

ained product sterilization in which'heat transfer'is achieved by steam or steam-air mixtur
ained product sterilization ittwhich heat tr@nsferis achieved by water sprays;
e) conftained product sterilizationin which hefat transfer is achieved by water immersion.

NOTE 1| See Annex D wherethe processes areexplained further.

NOTE 2| Although the scope of this decument is limited to medical devices, it specifies requirements and
guidancg¢ that can be applicable to othér-health care products and industrial applications.

1.2 Exkclusions

1.2.1 {Thissdocument-doesnot specify requirements for development, validation, and routine co
a procefss  for inactivatirig-the causative agents of spongiform encephalopathies such as scrapie
spongifprm encephalopathy and Creutzfeldt-Jakob disease.

NOTE 1| SeelSO 22442-1,1S0 22442-2 and 1SO 22442-3.

ist heat
ain the
bractice
dustrial

cement

ral, pre-

ES;

provides

ntrol of
bovine

NOTE 2 | “Specific regulations have been produced in particular countries for the processing of materials pg

tentially

contaminated with these agents.

1.2.2 This document does not apply to those sterilization processes that are based on a combin
moist heat with other biocidal agents (e.g. formaldehyde) as the sterilizing agent.

ation of

1.2.3 This document does not detail a specified requirement for designating a medical device as “sterile.”

NOTE National or regional requirements can designate medical devices as “sterile.” See, for example, EN
ANSI/AAMI ST67.

© IS0 2024 - All rights reserved
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1.2.4 This document does not specify requirements for occupational safety associated with the design
and operation of moist heat sterilization facilities.

NOTE

2 No

There can be applicable national or regional regulations for operational safety.

rmative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,

the late

ISO 111P

[SO 111

for moist heat sterilization processes

[SO 111

[SO 116(07-1, Packaging for terminally sterilized medical devices — Part.1: Requirenients for material

barrier

ISO 116

sealing and assembly processes

ISO 11737-1, Sterilization of health care products — Microbiological methods.— Part 1: Determinat

populat

ISO 11737-2, Sterilization of health care products“— Microbiological methods — Part 2: Tests of
performed in the definition, validation and maintenance of a sterilization process

3 Terms and definitions

For the

[SO and|IEC maintain terminology databases,for.use in standardization at the following addresses:

— ISO
— IEC
3.1

air detector
device designed to detectthe presence of non-condensable gases in the chamber or in a stream of st
condengate

[SQURC
3.2

automatic controller

device

st edition of the referenced document (including any amendments) applies.

38-3:2017, Sterilization of health care products — Biological indicators —Part 3: BiologicqVin

10 (all parts), Sterilization of health care products — Chemical indicators

bystems and packaging systems

07-2, Packaging for terminally sterilized medical devices'— Part 2: Validation requirements for |

on of microorganisms on products

purposes of this document,the following.terms and definitions apply.

Online browsingplatform: availableat https://www.iso.org/obp

Electropedia:available athtfps://www.electropedia.org/

E: 1SO 11439:2018, 3.9]

F'ements

dicators

b, sterile

forming,

ion of a

sterility

am and

nse to

hat directs the ecauinment seau au agos aof the cucle in rognl
HAH—aH-eets—h gHHpeht—sequentatt o) G ot ) +—hRe—cycie—h— P

programmed cycle parameters

[SOURC
3.3

E: 1SO 11139:2018, 3.18]

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

[SOURC

E: 1SO 11139:2018, 3.23]

© IS0 2024 - All rights reserved
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biological indicator
test system containing viable microorganisms providing a defined resistance to a specified sterilization
process

[SOURCE: ISO 11139:2018, 3.29]

3.5
calibra

tion

operation that, under specified conditions, in a first step, establishes a relation between the quantity values
with measurement uncertainties provided by the measurement standards and corresponding indications
with associated measurement uncertainties and, in a second step, uses this information to establish a

relation| for obtaining a measurement result from an indication

[SOURCE: I1SO 11139:2018, 3.31]

3.6

chamber
part of ¢quipment in which a load is processed

[SOURCEE: ISO 11139:2018, 3.36]

3.7
chemic

test sy

physica
[SOURC

3.8
conditi

treatmgnt of product prior to the exposure stage to«attain a specified temperature, relative hum
other process variable throughout theload

[SOURC
3.9

contained product
load foy which the ambient media within @-chamber do not come into direct contact with the ite

process

Note 1t
the steri|

3.10

containled productisterilization
validatgd process-where indirect contact of a heating medium on the external surfaces of contained

nl indicator

change resulting from exposure to a process

E: 1SO 11139:2018, 3.43]

pning

E: 1SO 11139:2018, 3.58]

ed

entry: The environment within the sterilizer is used for heating and cooling purposes only, not for a
lization effect, e.g. a solution in-a sealed bottle.

tem that reveals change in one or more pre-specified proce§s variables based on a chemical or

idity, or

In to be

chieving

product

isused fo createunoist heat internally to achieve the specified requirements for sterility within the cgntained
product
Note 1 teenfry: The environment within the sterilizer is used for heating and cooling purpases anly not for

hieving

the steri
[SOURC
3.11

lization effect, e.g. a solution in a sealed bottle.

E: 1SO 11139:2018/Amd1:2024, 3.332, modified — Note 1 to entry added.]

correction
action to eliminate a detected nonconformity

Note 1 to entry: A correction can be made in advance of, in conjunction with or after a corrective action.

[SOURC

E: 1SO 11139:2018, 3.64]
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3.12
corrective action
action to eliminate the cause of a nonconformity and to prevent recurrence

Note 1 to entry: There can be more than one cause for a nonconformity.

Note 2 to entry: Corrective action is taken to prevent recurrence whereas preventive action is taken to prevent
occurrence.

[SOURCE: ISO 11139:2018, 3.65]
3.13

value of a cycle variable including its tolerance used for control, monitoring, indication, and recerdipg of an
operatipg cycle

[SOURCE: 1SO 11139:2018, 3.72]

3.14
cycle variable
property used to control, monitor, indicate, or record an operating cycle

[SOURCE: ISO 11139:2018, 3.74]

3.15

D value
D, valye
time or|dose required under stated conditions to achieve inactivatiorn-ef 90 % of a population of [the test
microonganisms

Note 1 tp entry: For the purposes of this docuinerit, D value reféfs to the exposure period necessary to achigve 90 %
reductiofn.

Note 2 tp entry: The definition of D value'assumes that\aplat of log;, of population versus time of exposure|is linear
within afcepted tolerances.

[SOURCE: 1SO 11139:2018, 3.75;, modified —~Notes to entry have been added.]

3.16
development
act of elpborating a specification

[SOURCE: 1S0,11189:2018, 3(79]

3.17

equilibfation time
periad between the attairiment of defined sterilization process parameters at the reference measyrement
point aijd the attainment of the specified sterilization process parameters at all points within the load

Note 1 td entry¢’For the purposes of this document the process parameter to which this definition refers is temperature.

Note 2 td entry: F‘rlnilihraﬁnn timeis also known as sterilization time lag

[SOURCE: ISO 11139:2018, 3.105, modified — Notes to entry have been added.]

3.18

equipment maintenance

combination of all technical and associated administrative actions intended to keep equipment at a state in
which it can perform its required function, or restore it to such a state

[SOURCE: ISO 11139:2018, 3.106]
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3.19
establish
determine by theoretical evaluation and confirm by experimentation

[SOURCE: ISO 11139:2018, 3.107]

3.20
evaluation

systematic and objective comparison of the measured results either with one another or with aspecification

to be met in initial, intermediate and final tests

Note 1 to entry: Evaluation analyses the level of achievement of both expected and unexpected results by examining

the resylts chain, processes, contextual factors and causallty using appropriate Criteria. All evaluation
credible] useful evidence-based information that enables the timely incorporation of its-findings, recomme
and less¢ns into the decision-making processes of organizations and stakeholders.

[SOURCE: ISO 9022-1:2016, 2.10, modified — Added "systematic and objective" at the beginnin
definitipn and Note 1 to entry has been added.]

3.21
exposuje stage

cycle sthge between the introduction of the sterilizing or disinfecting agent into the chamber and w
agent is|removed or neutralised

Note 1 t¢ entry: For the purposes of this document the exposure stage only in€ludes that part of the process fi
microbigl lethality is claimed.

[SOURCE: 1SO 11139:2018 & Amd 1:2024, 3.111, modified — Note’'1 to enti'y has been added]

3.22
F,value¢

provides
hdations

b of the

hen the

br which

measurg of microbiological lethality delivered by a moistheat sterilization process expressed in fferms of

the equlivalent time, in minutes, at a.temperature gf*121,1.°C with reference to microorganisms Y
value off 10 °C

[SOURCE: I1SO 11139:2018, 3.113.1, modified +——"10 K was replaced by °C (by convention, z value is ex]
in °C).]

3.23

Fgo value
expressfion of the resistance of a-bielogical indicator calculated as the product of the logarithm to b3
the initial population of micreorganisms and the D value

[SOURCE: 1SO 11139:2018;.37113.2; modified — "to base 10" added to the definition]

3.24

Fiorogfcar value '\~ _ _ ) _ _
expressiion of the.delivered lethality of a process, measured in terms of actual kill of microorganisn

in-a biologicalindicator challenge system

vith a z

pressed

se 10 of

1S On or

Note 1 tp entry: Fgioracicap €an be calculated by multiplying the D,,, value by the difference between the |

bg to the

base ten of the starting population and the log to the base ten of the enumerated population after processing.

3.25
fault

situation in which one or more of the process or cycle parameters is/are outside its/their specified

tolerance(s)

[SOURCE: ISO 11139:2018, 3.116]
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3.26

health care facility

HCF

dedicated setting where health care professionals deliver services for care of patients

EXAMPLE Hospitals, free standing ambulatory surgical centres, nursing homes, extended care facilities, medical,
dental and physician offices or clinics and other specialized treatment facilities.

[SOURCE: 1SO 11139:2018 and Amd 1:2024, 3.339]

3.27

health care product
medical—devite,ictuding i vitro —diagnostic Tedical —device, ormedicinar product, _including
biopharmaceutical

[SOURCE: ISO 11139:2018, 3.132]

3.28
holding time
<moist heat sterilization> period for which the temperatures at the reference measurement point and all
points Within the load are continuously within the sterilization ternperature band

[SOURCE: I1SO 11139:2018 & Amd 1:2024, 3.133.1]

3.29
installgtion qualification

IQ
process| of establishing by objective evidence that all key aspects/of-tiie process equipment and ancillary
system fnstallation comply with the approved specification

[SOURCE: 1SO 11139:2018, 3.220.2]

3.30
load
product], equipment or materialsto-be processedtogether within an operating cycle

[SOURCE: 1SO 11139:2018, 3.155]

3.31
load copfiguration
distribytion and orientation of a-lead

Note 1 t entry:For the purpeses of this’document the definition refers to the placement of a load in the charpber and
includes|fixed chamber parts and thenumbers and types of product presented for sterilization.

[SOURCE:SO 11139:2018, 3:156, modified — Note 1 to entry has been added.]

3.32
measuring chiain
series df elements of a measuring instrument or measuring system, which constitutes the path of the
measurement signal from the input (quantity subject to measurement) to the output (the resuq; of the
measurement)

[SOURCE: ISO 11139:2018, 3.165]

3.33

medical device

instrument, apparatus, implement, machine, appliance, implant, reagent for in vitro use, or 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 medical purpose(s) of:

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

© IS0 2024 - All rights reserved
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— diagnosis, monitoring, treatment, alleviation of, or compensation for an injury;

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

— sup

— Ccon

porting or sustaining life;

trol of conception;

— disinfection of medical devices;

— providing information by means of in vitro examination of specimens derived from the'human body;

and does not achieve its primary intended action by pharmacological, immunological; or-metabolic means,

but whi

Note 1 t
include:

Ch may be assisted in its intended function by such means

— items specifically intended for cleaning or sterilization of medical devices;

p entry: Products which may be considered to be medical devices in some jurisdictions, but\not in others

— poughes, reel goods, sterilization wrap, and reusable containers for packaging of medical devices for ster]lization;
— disipfection substances;

— aidq for persons with disabilities;

— devjces incorporating animal and/or human tissues;

— devjces for in vitro fertilization or assisted reproduction technologies.

[SOURCE: 1SO 11139:2018 and Amd 1:2024, 3.166]|

3.34

microogpganism

entity of microscopic size, encompassing bacteria, fungi, protozoa and viruses

[SOURCE: I1SO 11139:2018, 3.176]

3.35

moist heat

thermal energy in thepresence of moistureused as the sterilizing agent to achieve the specified requirements
for sterility

3.36

non-conpdensable gas

NCG

air and fer~other gas which will not liquefy under the conditions of a saturated steam sterilization prjocess
[SOURCE: I1SO 11139:2018,'3.183, modified — Added “sterilization” and abbreviation NCG.]

3.37

operational qualification

0Q

process of obtaining and documenting evidence that installed equipment operates within predetermined
limits when used in accordance with its operational procedures

[SOURCE: ISO 11139:2018, 3.220.3]

3.38

operating cycle
complete set of stages of a process that is carried out, in a specified sequence

Note 1 to entry: Loading and unloading are not part of the operating cycle.

[SOURCE: 1SO 11139:2018, 3.188]
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3.39

overkill approach

method of defining a sterilization process that achieves a maximal sterility assurance level (SAL) for product
substantially less than 10-6

[SOURCE: ISO 11139:2018, 3.190]

3.40
packaging system
combination of a sterile barrier system and protective packaging

[SOURCE: ISO 11139:2018, 3.192]

3.41
performance qualification

PQ
process| of establishing by objective evidence that the process, under anticipated conditions, condistently
producgs a product which meets all predetermined requirements

[SOURCE: I1SO 11139:2018, 3.220.4]

3.42
plateay period
equilibrjation time plus the holding time

[SOURCE: I1SO 11139:2018, 3.195]

3.43
porous
<sterilizer load> permeable to water, air or ather fluids

[SOURCE: ISO 11139:2018, 3.197]

3.44
preconglitioning
treatmdnt of product, prior to the operating cycle, to attain specified values for temperature, [relative
humiditly, and/or other process variablegs

[SOURCE: I1SO 11139:2018, 3.200]

3.45
preventive action
action tp eliminate the causeof apetential nonconformity or other potential undesirable situation

Note 1 t¢.entry: There can,beé morethan one cause for a potential nonconformity.

Note 2-flo entry: Preventive.action is taken to prevent occurrence whereas corrective action is taken to| prevent
recurreijce.

ISOURCE: 180¢11139:2018, 3.203]

3.46
process challenge device

PCD

item providing a defined resistance to a cleaning, disinfection, or sterilization process and used to assess
performance of the process

Note 1 to entry: For the purpose of this document, the item can be product, simulated product or other reference
device. The item can contain a physical indicator, biological indicator or chemical indicator.

[SOURCE: ISO 11139:2018, 3.205, modified — Note 1 to entry has been added.]
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3.47
process parameter
specified value for a process variable

Note 1 to entry: The specification for a process includes the process parameters and their tolerances.
[SOURCE: ISO 11139:2018, 3.211]

3.48

process variable

chemical or physical attribute within a cleaning, disinfection, packaging, or sterilization'pirgeess, changes in
which can alter its effectiveness

Note 1 tp entry: For the purposes of this document, process variables are conditions within a sterilizatioii|process,
changeslin which alter microbicidal effectiveness, i.e. exposure time and temperature in'the presence of moisf heat.

[SOURCE: ISO 11139:2018, 3.213, modified — EXAMPLES have been deleted-and Note 1(te, entry has been
added.]

3.49
produck
tangiblg result of a process

EXAMPIE Raw material(s), intermediates, sub-assembly/(ies}, healthcare product(s).
[SOURCE: I1SO 11139:2018, 3.217]

3.50
product family
group of subgroup of product characterized by similar attributes determined to be equivalent for evaluation
and progcessing purposes

Note 1 t¢ entry: See Annex G.
[SOURCE: I1SO 11139:2018, 3.218, modified — Note'l to entry has been added.]

3.51
refererce load
specifield load created torepresent combihations of items that provide defined challenge(s) to a prodess

[SOURCEE: ISO 11139:2018, 3.226]

3.52
refererce measurement point
location] of the sensor controlling the operating cycle

[SOURCEE: ISO 11139:2018,3.227]

353
referernce mieroorganism
microbipkstrain obtained from a recognized culture collection

[SOURCE: ISO 11139:2018, 3.228]

3.54

reproducibility

condition of measurement, out of a set of conditions that includes different locations, processors, measuring
systems, and replicate measurements on the same or similar objects

Note 1 to entry: The different measuring systems may use different measurement procedures.

Note 2 to entry: A specification should give the conditions changed and unchanged to the extent practical.
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3.55

requalification

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

[SOURCE: ISO 11139:2018, 3.220.5]

3.56
saturated steam
water vapour in a state of equilibrium between its liquid and gas phases

[SOURCE: ISO 11139:2018, 3.241]

3.57
saturated steam sterilization
validatdd process which involves the direct contact of saturated steam as the sterilizing agent on product
surface$ to achieve the specified requirements for sterility

[SOURCE: ISO 11139:2018 and Amd 1:2024, 3.368]

3.58
services
supplieg from an external source, needed for the function of equipment

EXAMPIE Steam, electricity, water, compressed air, drainage.
[SOURCE: 1SO 11139:2018, 3.252, modified — EXAMPLES have beénjadded.]

3.59
specify]
stipulate in detail within an approved document

[SOURCE: I1SO 11139:2018, 3.259]

3.60
spore lpg reduction
SLR
negative exponent to the base 10 describing the decrease in the number of spores

Note 1 t¢ entry: It is expressed as a logarithm.
[SOURCE: I1SO 11139:2018, 3.260Q

3.61
sterile
free fromviable microerganisms

[SQURCE: I1SO 1X139:2018, 3.271]

3.62
sterile parrier system
SBS
minimum package that minimizes the risk of ingress of microorganisms and allows aseptic presentation of
the sterile contents at the point of use

[SOURCE: 1SO 11139:2018, 3.272]

3.63
sterility
state of being free from viable microorganisms

Note 1 to entry: In practice, no such absolute statement regarding the absence of microorganisms can be proven.
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[SOURCE: ISO 11139:2018, 3.274]

3.64

sterility assurance level

SAL
probabi

lity of a single viable microorganism occurring on an item after sterilization

Note 1 to entry: It is expressed as the negative exponent to the base 10.

Note 2 to entry: The term SAL takes a quantitative value, generally 10-¢ or 10-3. When applying this guantitative value
to assurance of sterility, an SAL of, for example, 10-¢ has a lower value but provides a greater assurance of sterility
than an SAL of 10-3.

[SOURC

3.65
steriliz
validatg

Note 1t
amicrod
to a very

[SOURC

3.66
steriliz
predete]

[SOURC

3.67
steriliz
series o

Note 1 t
conditio
cleaning]

[SOURC

3.68
steriliz

minimum temperature on which-thie‘evaluation of the sterilization efficacy is based

[SOURC

3.62

steriliz
physica
sterility

E: [SO 11139:2018, 3.275, modified — Note 2 to entry has been added.]

ation
d process used to render product free from viable microorganisms

rganism on an individual item can be expressed in terms of probability. While thi§praobability can be
low number, it can never be reduced to zero.

E: 1SO 11139:2018, 3.277]

ation cycle
rmined sequence of stages performed in asterilizer to achieve product free of viable microor

E: ISO 11139:2018, 3.279]

ation process
f actions or operations needédto achieve thé&specified requirements for sterility

b entry: This series of actions includes pre-treatitient of product (if necessary), exposure, under
hs, to the sterilizing agent and any necessary'post treatment. The sterilization process does not ing
disinfection or packaging operations.thatprecede sterilization.

E: 1SO 11139:2018, 3.284]

ation teniperature

;IS0 11139:2018; 3:286]

ing agent
or,chémical entity, or combination of entities having sufficient microbicidal activity to
under defined conditions

entry: In a sterilization process, the nature of microbial inactivation is exponential and thus, the survival of

reduced

Panisms

pecified
lude any

achieve

[SOURC
3.70

E: 1SO 11139:2018, 3.288]

temperature band
<moist heat sterilization> temperature range, the minimum of which is the sterilization temperature

Note 1 to entry: The upper limit of the temperature band can be specified in standards and/or can take into account

product

[SOURC

compatibility.

E: 1SO 11139:2018, 3.293.1, modified — Note 1 to entry added.]
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3.71

test for sterility

technical operation defined in a pharmacopoeia performed on product following an aseptic process or
exposure to a sterilization process

[SOURCE: ISO 11139:2018, 3.298]

3.72

test of sterility

technical operation performed as part of development, validation or requalification.te determine the
presence or absence of viable microorganisms on product or portions thereof

[SOURCE:TSO 11T39:2018, 3.299]

3.73
validatjon
confirmation process, through the provision of objective evidence, thatrthe requirements for a [specific
intendef use or application have been fulfilled

Note 1 tp entry: The objective evidence needed for a validation is the result of a test or other form of determination
such as performing alternative calculations or reviewing documents.

Note 2 t¢ entry: The word “validated” is used to designate the corresponding status.
Note 3 t¢ entry: The use conditions for validation can be real or.simulated.
[SOURCE: I1SO 11139:2018, 3.313]

3.74
verificqtion
confirmation, through provision of objective evidence, thatspecified requirements have been fulfilled

Note 1 t¢ entry: The objective evidence needed for a verificatiorrcan be the result of an inspection or of other|forms of
determipation such as performing alternative calculatiofts;monitoring or reviewing documents.

Note 2 t¢ entry: The word “verified” is used to desigirate a corresponding status.
[SOURCE: 1SO 11139:2018,3:314]

3.75
works fest
series of technical operations pérformed prior to delivery to demonstrate compliance of a piece of eqliipment
with its|specification

[SOURCE«1S0O 11139:2018;3.325]

3.76

z value
¢harige |n temperature of a thermal sterilization or disinfection process that produces a tenfold chaphge in D
value

Note 1 to-embrwItis axnraccad in daaraanc Calcine (OC
C-eHtRy-reSexpresSeaaegrees=erS3dS17-

[SOURCE: ISO 11139:2018, 3.326]

4 General

4.1 The development, validation and routine control of a sterilization process is a critical element in
product realization of a health care product. To ensure the consistent implementation of the requirements
specified in this document, the necessary processes shall be established, implemented and maintained.
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Processes of particular importance in relation to the development, validation and routine cont
sterilization process include but are not limited to:

— control of documentation, including records;

— assignment of management responsibility;

— provision of adequate resources, including competent human resources and infrastructure;
— control of product provided by external parties;

— identification and traceability of product throughout the process;

rol of a

— conftrol of non-conforming product.
NOTE ISO 13485 covers all stages of the lifecycle of medical devices in the context of quality~man|
systems|for regulatory purposes. National and/or regional regulatory requirements for the provision of he

products can require the implementation of a full quality management system and the assessment.of that sys
recognized conformity assessment body.

4.2 Alprocess shall be specified for the calibration of all equipment, including‘instrumentation
purposgs, used in meeting the requirements of this document.

NOTE ISO 10012 specifies requirements for a system of calibration and ISO 13485 includes requirement
control ¢f monitoring and measuring equipment.

5 Stdrilizing agent characterization
5.1 Sterilizing agent

5.1.1 [The purpose of this activity is‘to:

a) define the sterilizing agent;

b) demonstrate its microbicidal effectiveness;

) ider]:tify the factorsthatinfluence mierobicidal effectiveness;

d) assess the effectsthat exposureto the,sterilizing agent has on materials;

e) identify requirements for-safety of personnel and protection of the environment.

This activity. may be undertaken'in a test or prototype system. Where this occurs, the final eq
specificption shall be<elatable to the results of experimental studies undertaken in the test or pr
equipmpnt.

5.1.2° [For therpurposes of this document, the sterilizing agent shall be moist heat. A specificatior
sterilizing dgent shall be documented.

hgement
hlth care
tem by a

for test

s for the

hlipment
ototype

for the

NOTE OTTS Of OISt Ed
(3.10) with regard to the sterilizing agent.

5.1.3 Limiting values for any contaminants contained within the sterilizing agent shall be incl

rilization

uded in

the sterilizing agent specification. Contaminants contained within the sterilizing agent shall not impair the

efficacy of the sterilization process or the safety of the product for its intended use.

NOTE See A.5.4 and C.10 for guidance on contaminants which can be considered.

© IS0 2024 - All rights reserved

13


https://standardsiso.com/api/?name=dfa5bf4cf2ea3bf41ecff231525b98ec

ISO 17665:2024(en)

5.2 Microbicidal effectiveness

If moist heat is used outside of the range of conditions that are widely recognised, then the microbicidal
effectiveness shall be established and documented.

NOTE

53 E

The microbial inactivation achieved by moist heat and its use in sterilization processes has been
comprehensively documented and is available in the published literature (see [43] and [61]). If moist heat is used
outside of the range of conditions that are widely recognised then its ability to achieve microbial inactivation can
be established using the approach described in Annex B (e.g. bioburden or bioburden/biological indicator or overkill
approach) or in ISO 14937:2009, 5.3.

ffects on materials

The effé
biologid

NOTE

comprel
medical
implems
for each

54 E

Moist h
impact

ct of exposure to moist heat on the physical and/or chemical properties of inaterials.and
] safety shall be assessed.

The effects of moist heat on a wide variety of materials used to manufacture medical.devices h
ensively documented (see [28]) and such documentation is of value 'to those designing and de
devices that are to be sterilized by moist heat. Studies of the effects of a moist heat'\process on a prd
nted during the product design stage. See Clauses 6, 7 and 8. Table'A.1 outlines, the-roles and respon
normative section and Annexes F and H give guidance for health care facilities and industrial setting

hvironmental consideration

bat is not normally considered as having a significant envirenmental effect. However, the p

necessary to protect the environment shall be identified. This\assessment, including potential inj

any) an

l measures for control (if identified), shall be documented.

6 Process and equipment characterization

6.1 G

6.1.1
to reprq

62 P

6.2.1
moist h

NOTE
inactiva

6.2.2

eneral

The purpose of this activity is to spécify the entire sterilization process and the equipment ne
ducibly deliver the sterilization(ppocess.

rocess characterization

The process variablesfornioist heat sterilization shall be time and temperature in the pre
pat.sufficient to ensuremicrobial inactivation. All sterilization processes shall be specified.

Pressure is’ not' @ process variable in a moist heat sterilization process since it has no bearing on 1
ion. Pressuress a cycle variable which is employed to control the operating cycle.

Procéss characterization, at a minimum, shall include:

a) ide

bn their

hve been
veloping
duct are
sibilities

D .

otential

bn the environment of the operation of the sterilization process shall be assessed and any mleasures

pact (if

cessary

sence of

hicrobial

and the process parameters and their tolerances;

NOTE1  Seethe Scope, 6.3 and 6.4 for types of moist heat sterilization cycle and Annex D for examples
heat sterilization cycles.

hriables

of moist

b) identifying the cycle variables for the selected moist heat sterilization cycle and documenting the cycle
variables, cycle parameters and their tolerances;

NOTE2 The data developed in product definition (see Clause 7) can impact the characterizatio
sterilization process.
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This clause considers all cycle variables and their cycle parameters, 6.2.2 d) considers specific cycle

variables and cycle parameters used to ensure efficacy, safety and reproducibility of the sterilization cycle.

c) description of each operating cycle, including specified process parameters and their tolerances;

d) the specific cycle variables and their cycle parameters used to ensure process efficacy, safety and

rep

roducibility including their tolerances (see A.6.1);

e) the process variables and cycle variables that are measured and used to verify that the sterilization
cycle will be delivered;

f) the products, including their SBS and packaging system, product families and_ representative load

con

floira fioncthat oo b ctailiond.
o 132

TS UTocIoTro oot Cott ot=S TITZTT

NOTE 4 Information on the product characteristics and product families can be fourid in Annex &.

g) any|restrictions on the load, such as size, mass and configuration, as applicable;

h) req

pirements for the preconditioning of the load prior to sterilization, if such\preconditi

necgssary to ensure the efficacy of the sterilization process (e.g-equilibration of the load at a s
tenperature and humidity);

i) req

pirements for the post sterilization cycle treatment, if such treatmentis ificluded in the ster

profess specification (e.g. allowing the load to cool in.acontrolled environmentj;

ning is
pecified

lization

j)  thellocation of the reference measuring point;

k) the|minimum frequency of use of process moritoring toolsse:g. physical sensors, biological indicators,
chemical indicators, process challenge devices (PCDs);

1) thelmaximum quantity of each contaminant that can be present in any liquid, air, gas or steam afimitted
to the chamber if the contaminant can adversely affect the-product, its SBS or packaging systein or the

effi
ent

cacy of the sterilization cycle, e.g. the maximum amourit of water that can be suspended in th
ering the chamber shall be specified if thatlean cause an adverse effect on the product or it

packaging system.

NOTE 5

Properly engineered.steam traps and-separators can be used to remove water from the steam

injectior] into the chamber.

NOTE 6
pointin

6.2.3

NOTE 1

The level of risk to the process andload associated with the presence of contaminants can depend
the process.when maximumequantities occur.

The acceptable SAL forthe(process shall be specified.

The specificatien for SAL can be based on the determination of the population and resistand

bioburdg¢n which can be'qn the product at the start of the sterilization process.

NOTE 2

If a 10764SAL is specified for a product and an overkill approach with recognised time and tem

c¢ombinations fer-moist heat sterilization (see Table A.2) is used to achieve the SAL, then the maximum SA

product

NOTE 3

willbe’substantially less than 10-°.

e steam
5 SBS or

prior to

ipon the

e of any

berature
. for the

based on

See Annex R for gnidance an the establishment and evaluation of a sterilization pracess primarily

microbiological inactivation methods.

6.3 Saturated steam sterilization processes

In addition to the requirements in 6.1 and 6.2, the specification for a saturated steam sterilization process
shall include:

a) the holding time and the minimum and maximum temperatures (and their locations) measured during
this time for the reference load(s) in the chamber, including fixed chamber parts and specific loading
accessories (e.g. trolleys, frames) intended for routine operation.
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the maximum difference between the temperature measured at the reference measuring point and the
temperature determined from the measured chamber pressure using steam table values [see Annex E,
Table E.1 and Formula (E.1)] during the holding time;

NOTE1 The comparison between the measured temperature and that calculated from measured chamber
pressure according to steam tables cannot be regarded as a substitute for the monitoring devices or procedures
specified in 6.3 ¢), d) or e).

NOTE 2 See A.6.1.2.5 and Annex E for guidance on assigning a limit to the difference.

a description of and justified procedure for the steam penetration test used to verify that the level
of residual NCG does not prevent the presence of the validated level of moist heat.on the surfaces to
be steritized; for the productfamityties) kmowm torestrict the pemetratiorof steanr by virtuejof their
material composition, mass, design or load configuration;

NOTE 3  The presence of residual NCG in the chamber can arise from:

— |NCGs carried into the chamber in the steam supply;

— |air leakage into the chamber during periods of vacuum;

— |NCG remaining as a result of an inadequate air removal stage of the operating cyclé:
a d¢scription of:

1) [the PCD suitable for the sterilization process and.not fitted to thesterilizer to demonstrate aspecific
characteristic of the sterilization process (e.g{ air removal and steam penetration); or

2) [for dynamic air removal cycles, the moritoring systemitted to the sterilizer for the detgction of
NCGs (e.g. an air detector), including its sensor location(s),'and how to interpret its results;

NOTE4  The specification for a saturated steam sterilizdtion.process normally includes a description|of a PCD
not [fitted to the sterilizer [6.3 d) 1)] or a monitoring systeni-fitted to the sterilizer [6.3 d) 2)] both usef for the
det¢ction of NCG during each operating.cycle. Specified; established and validated alternative methodf for the
deté¢ction of NCGs, particularly in.an industrial setting where sterilization processes and load configurations are
spetified in detail, are also possihle (but see E.2:3):

the|reference load(s) to.be used to confirm erjudge the effectiveness of the sterilization procegs for an
identified load [see 6.2.2 )];

drylness of the reference load determined by a change in mass or by presence of perceptible moigture.

In addition to the requiremerits in 6.1 and 6.2, the sterilization process specification shall include the

following informationdorthe load configuration justified to be the most difficult to sterilize:

a)
b

9

d)

dethpils of the-product(s) and its container(s) or, if applicable, reference product(s);

the|size ofthe load and its location, orientation and support system within the chamber;

the|tethperature profiles and the locations from which they were determined for the periogl of the
sterilization cycle for which lethality is claimed, and which shall be measured in the reference load and
in the free space surrounding the load;

the maximum and minimum temperature and rates of change for the period of the sterilization cycle for
which lethality is claimed;

the method for establishing the location where the maximum and minimum temperature can be
measured.
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6.5 Equipment

6.5.1 Equipmentused to deliver the sterilization process shall be specified. The specification shall include:

a) unique identification (e.g. manufacturer, model and serial number) and physical description of the
equipment, together with any necessary ancillary items;

b) the materials of construction of any part of the equipment and any ancillary items that are used to
contain and transport steam or any other gas or liquid into the chamber;

¢) characteristics of filters (if used);

d) a r;tcord of cycle parameters that is independent from the process control (see“ISO/TS 22421:2021,
Annex B);

e) for pach measuring chain used for control and recording;

1) |a description of the measuring chain;
2) |the characteristics and location of the sensor;
3) |the measurement range, resolution and accuracy.

f) where applicable, the rates of pressure change capability during each.stage of the cycle;

NOTE1 The specification for the rates of pressure _change during €ach stage of the operating dycle can
be important as this can influence the integrity of“a medical device*and an SBS, or influence diffusiye steam
penptration into complex devices.

g) the|fault(s) and failures recognised by.the monitoring systern, together with any visual, auflible or
recprded warnings or indications;

h) thelsafety features;

NOTE 2  The specification can’iniclude safety featuresfor the protection of personnel and the environment.
NOTE 3 Insome jurisdictions specific safety features can be required.

i) infqrmation and test results which.éan allow the user to establish the conformity of the eqpiipment
to local, regional,»or-national regulations applicable for installation and operation of the equipment
including those foremissionsinto the environment;

NOTE 4 . Citation of appropriate-standards can be included.

j) adgscription and aceeptance criteria for the test to be used to determine the level of air leakagefinto the
chajmber if vacuum is’used during the operating cycle;

k) ~a description, ‘\of the device (e.g. air detector), if fitted, including its settings used to detgct non-
condensable'gas that can be present in steam supplied to the chamber or remain in the chamHfer after
thelair rémoval stage of the sterilization cycle.

6.5.2 fication

shall include:

a) the means by which allowed changes to the automatic controller programmes can be made;

b)

)
d)

e)

step-by-step operating instructions;

action to be taken in case of a fault or failure indication;

the means by which an error in the results of a measurement for control, indication and/or recording

can

the

be identified, e.g. if a sensor becomes damaged an open circuit error will be reported;
contact for technical support if applicable.
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6.5.3 The installation requirements for the equipment shall be specified. The specification shall include:

a) the

location, space and the environment in which the equipment is to be installed;

b) installation instructions;

c) any restriction or precautions to be considered for intended operation of the equipment (e.g. required
space for load carriers, maintenance access, ventilation);

d) details of each service necessary for the correct function of the equipment, including (if applicable);

1y

means of disconnecting services to the sterilizer;

2)
3)
4)
5)
6)

7)
8)

e) the

f) the
wh

6.5.4
that the
to prod

6.5.5
lead to 3

NOTE
indepen
and initi

6.5.6
documg

minimum and maximum pressure of services including, e.g. compressed air, water, steam;
minimum and maximum temperature of services including, e.g. water;

minimum and maximum flow rate for each service;

any filtration requirements for each service, e.g. water, compressed air, steafy;

electrical requirements, e.g. phase requirements, minitnum and maximum veltage and m

maximum level of NCG and liquid water in steam;

maximum quantity of each contaminant which.can be found in fluids supplied to the steril
compressed air, water, steam.

load bearing structures that are to support the principal heavy components of the equipmer

materials of construction for the/parts that transport steam, gas, air and water into the
ch the sterilizer is to be installed and into the sterilizer.

The load support system,fiised, in the chamber shall be specified. This specification shal
system shall not inhibitthe-attainmentof sterilizing conditions throughout the load or cause
ict including its SBS or packaging system.

h failure in recording of protess parameters resulting in an ineffective process appearing effi

This can-be achieved by monitoring systems which evaluate and compare data from process
lent cyclerecording, equipment'specifications and hardware status indications for fault detection, ir
ptioil of consecutivésafety nieasures, as applicable.

The software-used to control or monitor the process shall be prepared in accordance
nted system that provides documented evidence that the software meets its design intentio

7 Pr1)duct definition

current (amperes), expressed as phase to neutral or phase to phase, for the electrical supply;

hximum

)

zer, e.g.

t

pace in

ensure
damage

The sterilizersspecification shall provide a description of how a failure in a control function gloes not

pctive.

control,
dication

with a
.

7.1 The purpose of this activity is to define the product to be sterilized including the microbiological
quality of the product before sterilization, and the manner in which the product is packaged and presented
for sterilization.

7.2 Product and, as applicable, product family(ies) to be sterilized shall be specified.

NOTE

For health care facilities, see F.7.2.

7.3 The criteria for defining and assigning a product to a product family shall be specified (see Annex G for
guidance).
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7.4 The SBS or packaging system that is assigned to a product family shall be specified and conform to

ISO 116

07-1 and ISO 11607-2.

7.5 A system shall be defined, documented and maintained to ensure that the condition of the product
presented for sterilization is controlled and does not compromise the effectiveness of the sterilization
process, e.g. preconditioning the product in a controlled temperature and humidity environment. Also see

A.7.5.

NOTE

Microbiological, organic and inorganic contamination can be considered when defining.the 'system. See
C.10.2 and Annexes F and H for further guidance.

7.6 If
of any 4
biologid

77 A
challeng
represe

78 T
system

NOTE 1

NOTE 2
processi

79 If

affect the efficacy of the sterilization process, the limitingvalue(s) shall be specified.

710 T

applicalple, product potency, after exposureto.the sterilization process, shall continue to meet docy

specific

741 If
limitati

to (see SO 17664-1).

712 If

remaining-on the product or packaging after sterilization, the contaminant or process residue
specifield along with'the maximum acceptable limit allowed.

713 A

SBS or gacKaging system presented for sterilization will not compromise the effectiveness of the ster

process

biological Indicators are used for evaluation of a contained product sterilization process, €
ffect the composition of the contained product can have on the measured-resistance (Dya
] indicator used to evaluate the sterilization process shall be established.

dedicated PCD shall be specified. Alternatively, a reference device identified\as an app
be and its SBS or packaging system, shall be specified. For example, product that can be
ht a specific characteristic(s) of the product.

(if used) can be exposed, shall be specified.

If an SBS is not used (e.g. sterilization of aload in a dental office where the items are used immediat
hg) sterility will not be maintained once the sterilizer door'is opened.

the level of moisture present in the product andy/or its-packaging system prior to steriliza

he safety, performancerand stability.6f a:product in its SBS or packaging system, ang

ations.

the product(is.a reusable.imedical device, the instructions for use shall be consulted
bns relating to end-of-life indicators or the number of processing cycles which they can be st

the.integrity of ¢the product can be affected by a contaminant(s) or process residue (e.g. m

vidence
ue) of a

ropriate
used to

he limiting value(s) for each process and cycle variable to which the preductiand its SBS or packaging

Exceeding the limiting values can have an advernse effect on eithép the'pertormance of the prodict or its
packaging, or both.

ely after

ion can

where
mented

for any
bjected

pisture)
chall be

h operating procedure shall be specified to ensure that the condition of the product and, if yised, its

lization

This procedure shall include at least the following elements:

a) cleaning and where applicable disinfection of re-useable product by a validated process;

NOTE

hazards to operators.

When processing reusable product, cleaning and disinfection will also reduce the risk of infectious

b) cleaning and, where applicable, disinfection of re-useable SBSs where used, using a validated process;

c) cleaning of single use product during manufacturing, where applicable, by a validated process;

d) any further preconditioning prior to the sterilization cycle identified as necessary for specific product;
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e) characteristics and limitations of load configurations;

f) ifrequired, verification of the integrity of the SBS before exposure to the sterilization process;

g) an estimation of bioburden in accordance with ISO 11737-1 when a sterilization process is established
using the bioburden approach.

7.14 The integrity of the SBS or packaging system after exposure to the sterilization process shall be
ensured.

NOTE

approach.

The integrity of the SBS can be ensured by using either a validation approach or‘a‘post process test

8 Process definition

81 T
for the

82 T
their to
cycle p3

8.2.1
betwee
surface

EXAMPI
differen

8.2.2
used to
identifig

83 T

a) dat
stel

NOT

b) sinfilarity with aproductthatis already assigned to a product family (see Annex G);

c) < dev

84 T

he purpose of this activity is to define the sterilization process by providing a detailed spec

he sterilization process shall be specified, including process variables and process paramet
erances. During the establishment of this sterilization process, process-parameters and app
rameters shall be measured and used, to confirmreproducibility.

[f a saturated steam sterilization cycle is to be'used, during the holding time the maximum di
L the temperature measured at the reference measuring point.and the temperature measure
5 in or on the product to be sterilized shall be specified,

E A temperature difference of 2(K.can be considered acceptable. Alternatively, maximum tem
e is determined based on risk assessment for product attribute.

[f an existing validated sterilization proeess, iticluding the sterilization cycle, is intende
sterilize defined product; process and. equipiiient documentation shall be reviewed to ens
bd variables in 6.2, 6.3.and 6.4 have been inicluded in the process specification for routine pro

he sterilization process shall bé established from at least one of the following:

h suppliedin the instructions. for use accompanying the medical device (see 1SO 17664
ilizer and, if used, the SBS;

E This is the common approach for process definition in health care facilities.

elopment of an operating cycle that will deliver the specified SAL.

ne SAL to be achieved by the sterilization process on and/or within a product shall be speci

fication

sterilization cycle to be applied to defined product without compromisingthe*safety, quality and
perfornmance of that product.

ers and
ropriate

fference
d at the

berature

d to be
ure the
Huction.

-1), the

fied and

shall mq

petd pre-defined requirement. National specifications for the SAL can apply.

NOTE

The SAL specified can be a range with the maximum value representing the maximal SAL required to be
achieved by the sterilization process.

8.4.1 The SAL attained on and/or within the product during the sterilization process shall be by means of
one of the following;

a) established by knowledge of the bioburden and its resistance (see B.2 and B.3);

b) determined by an “overkill” method (see B.4);
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¢) defined by demonstrating that during the holding time all parts of the product that are intended to be
sterile are exposed to process parameters selected from an official national or regional pharmacopoeia;

NOTE This is a common approach in a health care facility.

8.4.2 The SAL attained on and/or within the product during the sterilization process shall be deemed to
be equal to or exceed the requirements specified in 8.4.1 c¢) provided that:

a) the productis assigned to a relevant product family;

b) arelevant sterilization process is specified;

c) thelequilibration time does not exceed the maximum for products assigned to the same product/family.

8.5 The sterilization process shall not expose the product and its SBS or packaging system (ifjused)beyond
the limiking process and cycle parameters or contaminants.

8.6 If|a saturated steam sterilization process is to be used, the level of residuial air and NC( at the
commefcement of the holding time shall not prevent the attainment of moist heat on all surfaces of the
productintended to be sterilized, including the surfaces in cavities;lumens and.tubing.

8.7 Ifbiological indicators are used to establish the sterilization process:
a) they shall conform with ISO 11138-1 and ISO 11138&-3;

b) the|microorganism, population, resistance and method of presentation shall be identified and shall take
int¢ account the expected or established product bioburden;

c) thellocation of biological indicators within the sterilizationdoad and acceptance criteria post-ekposure
to the sterilization process shall be specified.

8.7.1 [The selected biological indicator or inoculated product may have populations and resistancg values
lower than the minimum values.specified in SO 11138-3:2017, Clause 9 in order to obtain a spegified BI
microbiplogical challenge, but they shall othérwise mieet the requirements of ISO 11138-1 and ISO 11138-3
(also sef Annex B).

NOTE The BI micrgbieological challenge is talculated as the product of the logarithm to the base ten of the initial
populatipn of microorganisms and theR'valte, (Bl microbiological challenge =log N x D;,;-value ; see Fg;0).

8.7.2 [The methad of presefitation can include inoculated product or the placement of inoculated cgrrier(s)
within §he product.

NOTE 1] “Conformanege-of the biological indicator to ISO 11138-1 and ISO 11138-3 does not apply to the inocylation of
the PCD/freference device.

NOTE 2| A testfor the ability to sterilize defined medical devices includes test specifications is given in (lauses 6
and 7.

8.8 For contained product, the effect of the product and its packaging system on the resistance of the
test microorganism when exposed to the proposed sterilization process shall be known and considered for
evaluation.

NOTE For contained products, the nature of the product (e.g. 5 % dextrose solution) and the packaging (e.g. a
flexible intravenous infusion bag) can alter the resistance of the test microorganism.

8.9 Ifchemical indicators are used as part of the establishment of the sterilization process;
a) they shall conform to the relevant part(s) of the ISO 11140 series;

b) they shall be appropriate for their intended purpose;
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¢) thelocation of chemical indicators within the load shall be specified;
d) the acceptance criteria shall be specified;

e) they shall not adversely affect the medical device by reaction, contamination and/or transfer before,
during or after the sterilization process.

8.10 If a PCD is to be used to assess the efficacy of the specified characteristics of a sterilization process,
the validity of the PCD, test methodology(ies) and acceptance criteria shall be established and decumented.

8.11 For a sterilization process established by microbiological methods (see B.2, B.3 and B:4), the following
apply:

a) bioburden determination shall be performed in accordance with ISO 11737-1.if the bioburden (B.2) or
bioburden / biological indicator (B.3) approaches are used;

b) whéen the bioburden method (B.2) is followed, tests of sterility shall.-be performed:in accordar]ce with
1SO[{11737-2;

c¢) product used in establishing the process shall be representative of that to be\processed routinelly;

d) equipment used shall be capable of reproducibly deliveringia combination of process parametg¢rs with
lesd lethality than the routine sterilization process (unless the full cycle overkill approach descfribed in
B.4|6 is used), such that the level of inactivation of microorganisms.results‘in a population that allows
extfapolation with regard to the total result.

NOTE These approaches are more commonly used inan industrialsetting.

8.12 If]after exposure to the sterilization pfocess, treatment of the product and its packaging is required in
order tq maintain sterility, this treatment'shall be specified.

8.13 Calibration, equipment maintenance, perforniance test(s) and acceptance criteria (where applicable)
intendef to ensure that the sterilization process-remains reproducible shall be specified.

9 Validation

9.1 Gpneral

9.1.1 [The purpose of thisactivity,isto demonstrate that the sterilization process established in the[process
definitipn can be delivered_ effectively and reproducibly to the load. Validation consists of several identified
stages: |nstallation qualification (IQ), operational qualification (0Q) and performance qualification [PQ). IQ
is undeftaken to demenstrate that the sterilization equipment and any ancillary items have been Jupplied
and-installed in aceordance with their specification. OQ is carried out either with unloaded equipnent or
using appropriate‘test materials to demonstrate the capability of the equipment to deliver the ster]lization

9.1.2 Each stage of validation shall be carried out in accordance with a documented procedure.

NOTE1 Carrying out all the elements of validation (IQ, 0Q, PQ) cannot be regarded as a substitute for routine
monitoring as specified in Clause 10.

NOTE 2  For further information and examples see C.14, F.9.1.2, F.9.2, and H.9.1.2.

9.1.3 It shall be verified that each item of test equipment used to perform validation conforms with its
specification.
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9.1.4 Any modifications to product, packaging, equipment, or sterilization process carried out during
validation shall be recorded and justified, and the specification(s) changed accordingly (see Clause 12).

NOTE

Modifications can invalidate regulatory conformity status for sterilizer equipment in some jurisdictions.

9.1.5 The measuring chain for each test instrument used for validation shall have:

a) documented evidence of calibration, traceable to a national standard and equipment maintenance in
accordance with the instructions for use;

b) acalibration status verified according to the technical and applicable management requirements carried

out

at a value(s) used to control the sterilization process and judge the results of the test in w

hich the

me

NOTE
referenc

9.1.6
validati

9.1.7
after ce
be verif]

9.1.8
system;

isuring chain is used.

National calibration reference standards are often mutually recognized-and traceable €p-inter
e standards with recognized fixed points.

The correlation between readings from sterilizer instruments and.independent test instrum
bn at the similar sensor locations shall be confirmed.

[f the equipment could have been affected by packaging; transportation or installation a
rtified final inspection tests at the manufacturing site; conformanceévith related specificatig
jed during validation (IQ and 0Q).

During IQ, OQ or PQ, as applicable, it shall be,verified that fault recognition and operatione
function and conform with their performance specifications..Verification can be carried oy

as possible without compromising the safety, functional integrity and-certified conformity of the ste

NOTE
sterilize

9.1.9

tothee

9.2 Iy

9.2.1
installe

NOTE

9.2.2
servicey

national

ents for

Ctivities
ns shall

| safety
It as far
rilizer.

Suitable procedures for testing the'tauit recognitiensand operational safety systems can be availalple in the

s technical documentation.

[f an existing sterilizer with a'validated sterilization process is to be used to process a new product,
the 1Q and OQ stages of the existing validation‘may he dccepted, provided that changes have not beg

quipment since the existing validatien:
jstallation qualification (1Q)

[nstallation 'qualificati@n) shall ‘"demonstrate that the equipment and ancillary items ha
[l in accordance with(their specification.

Additional regional, national and local regulations can also apply.

[t shall belverified that the installation of the equipment, ancillary items and the suppl
conformwith their specifications.

bn made

e been

7 of the

9.3 Operational qualification (0Q)

9.3.1 Operational qualification shall demonstrate that the equipment will deliver the specified sterilization

process

(es).

9.3.2 The rationale for the number and locations of the temperature sensors used to demonstrate that
requirements are met for temperature distribution in the chamber and, if used, the test load in place in the

chambe

NOTE

r shall be documented. The OQ may be performed with a test load.

If the guidance in Annex C is followed, this can include a test load.
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9.3.3 Prior to 0Q, the calibration of all instrumentation (including any test instruments) used for
monitoring, controlling, indicating or recording of the sterilization process shall be verified.

94 P

erformance qualification (PQ)

9.4.1 Performance qualification shall demonstrate that product has been exposed to the specified
sterilization process, including the specified sterilizing agent, by the equipment to be used for routine
sterilization.

9.4.2 Performance qualification shall verify that the conditions required to achieve the specified SAL have

i

been m

9.4.3

indicatd

9.4.4 [Checks shall include and verify that:

a) the|lQ and OQ were successful;

b) the|SBS or packaging system is the same as, or is a greater challenge)to‘that intended for
production;

c) the|load configuration conforms with 6.2.2 f) and g) and is considered to be representative

challenging to the sterilization process than the-rgutine load;

d) the

pro

e) the
f) ifv
pro|
req

9.4.5

a) confformity te the sterilization pracess identified during process definition and the limiting

par|

b) dat
pro

c) ~the
d). the

e) the

L.

duct families considered to be a greater challenge.to the Sterilization process;
load configuration and any required preconditioning conforms with 6.2.2 f), g) and h) and 7.

hrying load configurations-will be used, the extent to which the variation affects the ster
cess shall be evaluated-to'ensure that™all praduct exposed to the sterilization process achi
pired SAL.

For each of the following, studies shall establish:

hmeters of the procegss, variables identified for the product, SBS or packaging system;

h as required for,the-Condition of the product and SBS (as applicable) as presented to the ster
CESS;

temperatute-profile(s) on and throughout product located in representative positions in the

temperatures measured during the plateau period;

Rationale shall be documented for the number and locations of temperature sensors, biological
rs and/or chemical indicators used to demonstrate that requirements are met throughout the load.

routine

DI" more

test load, if used, represents product.that will be routinely processed and that is assigned to a
product family(ies) compatible with the.one(s) assignedte the sterilization cycle or that repres

bnts the

—

13;

lization
bves the

process

lization

load;

equilibration time;

f) the minimum and maximum temperatures during the holding time and their locations including:

at the reference measurement point;

on the surface of/ in the load;

— calculated from the measured chamber pressure according to steam table values, if applicable (see

Annex E).

For saturated steam sterilization processes, national or regional requirements should be taken into
consideration when defining the maximum permissible difference between the measured temperature
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and the temperature determined from measured chamber pressure according to steam tables. See
Annex E and, for example, EN 285.

NOTE 1

If a difference between the measured temperature and the temperature determined from measured

chamber pressure exists, this can indicate a process failure. If there is no difference between the measured
temperature and the temperature determined from measured chamber pressure this cannot be regarded as an

indi
g) the
h) the
i) tha

cation of an acceptable process. Other information is required to confirm process acceptability.
holding time;
response of chemical indicators according to their instructions for use, when used;

t the response of the chemical indicator or hin]ngi(‘a] indicator or sensor-contained in

he PCD

acc

NO
indi

j) the
NOTE 3

unwrapmed if they are immediately and aseptically transferred to the point of use (e.gxthe sterile'field in an o

room) a

9.4.6
by micr

a) biol

b) conpbined bioburden/biological indicator-method; or

c) ove
NOTE 1
NOTE 2

When t
provide

9.4.7
SAL is
configu
contain
consecy
specific

brding to its instructions for use (if used) is acceptable;

'E2  PCDsarediscussed in greater detail in Annex A (air removal indicator) and in Annex B {(microb
cator).

integrity of the SBS when used.
Product is normally wrapped in an SBS or packaging system.-Hawever, medical-devices can be §

er removal from the sterilizer.

[f, in addition to the measurement of physical parameters, the sterilization process is to be

burden method;

rkill method.
See Annex B.
The bioburden and biobtrden/biological'indicator methods are also known as product specific apg

he bioburden is not'known or measurable, a process based on an overkill approach shall
d that the product is’stable when.exposed to the specified process conditions.

The reproducibility of the)'sterilization process shall be demonstrated to ensure the 1
consistently 'delivered to) the load. Either a defined load (e.g. a contained product load)
ration(s).considered to)be.the most challenging to the sterilization process (e.g. a load config
ng defined product/families for saturated steam sterilization) shall be exposed to at lea
tive sterilizatjetrprocesses to demonstrate that the sterilization process is reproducible w|
ation and spécified.tolerances.

pbiological methods, then it shall be qualified and one of the following methods shall be used:

Threekonsecutive sterilization processes does not necessarily mean one after the other. See Annex
itional'information on the interpretation of this subclause.

iological

terilized
perating

verified

roaches.

be used

equired
or load
uration
5t three
ithin its

be attributed to factors not relevant to the effectiveness of the sterilization process being validated (see
example below), the failure shall be documented as unrelated to the performance of the sterilization process

and the

cycle omitted from the sequence.

EXAMPLE Failure of external services, e.g. electricity, steam, water, compressed air or a failure of
monitoring equipment.

external

9.4.9 Non-conformance with the sterilization process specification during PQ shall be reviewed and
corrected.
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eview and approval of validation

Information gathered or produced during IQ, OQ and PQ shall be reviewed for conformity to the
acceptance criteria specified for each stage of the validation process. The outcome of this review shall be
documented and approved.

9.5.2 The sterilization process specification shall be confirmed. This specification shall include the
criteria for designating the sterilization process used for a particular product or load as conforming, and
shall document at least the following:

a) the
b) the
c) the
d) the
e) the

sterilizer including the associated services;

cycle parameters of the cycle to be used;
product family(ies) that can be processed;
load configuration(s) (including orientation, size and mass);

procedures for any preconditioning of product, if used;

f) ad¢scription of the SBS or packaging system and methods of packaging;

g) the

distribution and orientation of medical devices within a package containing multiple

devfices, if applicable;

h) the
pro

i) the
j) the
10 Ro

10.1 R

10.1.1
has bee

10.1.2

periodic tests and equipment maintenance-activities necessary. to indicate delivery of a
Cess;

PCD and the product family(ies) for which it is relevant;

bioburden, if applicable.

ntine monitoring and control
putine monitoring

The purpose of this activity is to demonstrate that the validated and specified sterilization
h delivered.to the productfor eaclisterilization process that is carried out.

that thg process variablesfor moist heat sterilization are attained.

10.1.3
routine
from-ch|

10.2 O

Delivery of-an effective sterilization process shall be verified by confirming that recorded d3
monitoring'are within specified tolerances measured by physical sensors together with the
Emicalindicators and/or biological indicators and/or PCDs, if used.

medical

reliable

process

Routitie monitoring-and coritiol shall be performed on each operating cycle in order to dem¢nstrate

ta from
results

perational status

The operational status of the equipment shall be verified by evidence from the following periodic tests:

a) air leakage into the chamber;

b) quality of steam or heat transfer media admitted to the chamber (which can include checks for, e.g. NCG,
conductivity of feed water, contaminant(s), moisture content);

¢) automatic control (e.g. a test to verify that the operating cycle continues to function correctly);

EXAMPLE

air removal and steam admission pulse.
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d) asteam penetration test using a defined test load which shall be conducted using devices independent
of the sterilizer and the sterilizer control;

NOTE1 The steam penetration test comes in many forms including Bowie and Dick tests and hollow PCDs both
of which can contain an indicator.

NOTE 2  For equipment or processes not intended for hollow or porous items (i.e. those which do not entrain
air) a steam penetration test cannot be required.

10.3 Process verification

For verification of a successful process, any fault indication, defined failure message @ind further relevant
informdtion provided by the monitoring system (e.g. fault indication system, process evaluation gystem)
shall bd documented and evaluated with respect to possible detrimental impact on the reliability of the
process|outcome.

10.4 Eyaluation of additional data for saturated steam sterilization processes

For satyrated steam sterilization processes, evaluation of additional‘data and information shall inCI]u‘de:

NOTE 1| Evaluation can be carried out automatically by a validated software system. or by visual examipation of

recorded data.

a) the|duration when the temperature at the reference imeasurement‘poirit is at or above the sterjlization
ten]perature;

NOTE 2  Ifthedatarecording system reports that the validatedduration has been achieved this can be fegarded
as meeting the requirement.

b) tenjperature at the reference measurement point and@hamber pressure during the plateau perjod and,
whe¢n available, the temperature determined from>measured chamber pressure according tp steam
table values (see Annex E) during'the holding time;

c) for pll stages of the operating(cycle:
— [the chamber pressure;
— [the temperature-neasured at the’reference measurement point;
— |the chamber temperature-ifiprovided;
NOTE 3 |, Printed records-canprevide a summary of the information above, assisting conformity assesyment.

d) the| results obtained\ffom a PCD containing an indicator sensor designed to assess a [specific
characteristic of the-sterilization process, such as adequacy of air removal and steam penetration, if
useld [see 6.3 c)and d)};

e}« “the|results«obtained from a process monitoring system (e.g. an air detector) fitted to the sterjlizer as
parft of precess control, if used, [see 6.3 c¢) and €)];

f) resultSof inspection procedures employed to confirm the dryness and integrity of the SBS or packaging
systems of the load.

NOTE4  This can involve direct inspection of every package as can happen, for example, in a health care facility or
can involve a risk assessment and qualification exercise (which can involve a sampling and inspection plan) as can, for
example, be used in an industrial setting.

10.5 Evaluation of additional data for contained product sterilization processes.
For sterilization processes for contained product, evaluation of the data shall include:

a) the temperature(s) measured in the PCD that represents the product in the load, having a known
thermal relationship to the contained product or load, if used as part of process control;
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b) the temperature at the reference measurement point_and the chamber pressure for all stages of the

ope

rating cycle;

c) the temperature measured in the product during the heating stage, plateau period and cooling stage if
used as part of process control and monitoring;

d) the
e) the
f) the

g) the

time of the plateau period;
holding time;
integrated lethality, F,, if used;

valuels) forthe nrocess narameter(s) for haomogogeneitv afthe heatinog mediaintho chamber
7 ' i 7 S o4 S

10.6 R

All reco

11 Product release from sterilization
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NOTE 1
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NOTE 2

positive
be used

11.3 A

12 Ma

121 P

The-puj
in~aecol
validati
measur

pcord retention

rds shall be retained in accordance with specified procedures (see A.10:10).

ne purpose of this activity is to specify procedures for establishing' if product expos
tion process can be released into use.

pd to a

he requirements for designating a sterilization progess as-conforming. If a requireme
pduct shall be designated as non-conforming and handled iii'accordance with standard o
res.

Suitably trained and qualified,individuals can perform product release (see 4.1, A.10.2 and Anney

'ocedures (e.g. standard operating procedures, also known{as SOPs) for the review of recqrds and
release from the sterilization process shall be specified~and documented. The procedure(s) shall

is not
erating

es F and

Examples of nonconformance include a‘process or cycle parameter being out of specification, 3
biological indicator or a‘themical indicator failing'to meet its endpoint. An acceptable test for sterilit
hs confirmatory evidence of process sueeess. See also Annex F and H for further guidance.

system shall be.specified toensurethat processed and non-processed items are clearly differe

intaining process effectiveness

prpose

pose of thig-activity is to ensure that the products to be sterilized are presented for ster
dance_with its specifications, configurations and pre-conditioning requirements as state
bn dogumentation. In addition, it shall be confirmed, that appropriate periodic tests calibr
ng chains, equipment maintenance, any required requalification and an assessment of any ¢

has bee

growth
[y cannot

ntiated.

lization
1 in the
ation of
hanges,

carried out

12.2 D

12.2.1
a) the
b) the

emonstration of continued effectiveness

Product presented for sterilization shall conform with:
product identified during product definition;

load configuration as defined during PQ;

c) if specified during PQ, any pre-conditioning of the load.
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12.2.2 Successful completion of periodic tests, calibrations, equipment maintenance tasks and
requalification carried out at specified intervals shall be verified.

12.2.3 If the sterilization process makes use of a vacuum, an air leakage test shall be defined and carried
out at specified intervals.

12.2.4 If the sterilization process relies on the removal of air from the chamber and load to achieve rapid
and even penetration of steam into the load, an air removal and steam penetration test shall.be carried out
each day before the sterilizer is used [see 10.2 d].

NOTE1 The steam penetration test is carried out using a device having a defined challerige.to air removal and
steam p¢netration for the process.

NOTE 2| Ifthe sterilizer is used continuously for production of product, the test can be dene at leastevery 44 h.

12.2.5 [For applications using saturated steam sterilization in which defined loads known-not to inhibit the
penetration of steam, are being processed, alternative methods may befused to confirm steam pengtration
based oh specified physical measurements and a risk assessment of tiie likelihood af-process failure

12.2.6 [Product shall conform to bioburden requirements if the sterilization process was establishef by the
bioburden microbiological method (see B.2) or bioburden/biolegical indicator mictobiological metlod (see
B.3).

12.3 Recalibration

The acduracy and reliability of each measuring-chain used:\to ‘conitrol, monitor, indicate, or redord the
sterilization process shall be verified periodically in accordance - with standard operating proceduress.

12.4 Equipment maintenance

12.4.1 |Preventative equipment ‘inaintenance~shall\. be planned and performed in accordan¢e with
documgnted procedures.

Calibrafion, equipment mairtenance, (perforimance test(s) and acceptance criteria (where applicable)
intendef to ensure thdt the sterilization process remains reproducible shall be specified as pant of the
process|(see 8.13).

12.4.2 [Equipment shall not/be. used to process product until all specified equipment maintenange tasks
have begn satisfactorily completed and recorded.

12.4.3 [The“equipment/maintenance plan, procedures and records shall be retained and revigwed at
specifield intervals\by a responsible person. The results of the review shall be documented.

12.5 Requalification

12.5.1 Requalification of a sterilization process shall be carried out for defined product and specified
equipment, at defined intervals and after the assessment of any change determined to require requalification.
The extent to which requalification is carried out shall be justified.

12.5.2 Requalification procedures shall be specified, and records of requalification shall be retained (see
4.1).

12.5.3 Requalification data shall be reviewed against specified acceptance criteria in accordance with
documented procedures.
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12.5.4 Requalification records shall be retained and reviews of requalification data together with
corrections made and corrective actions taken shall be documented.

12.6 Assessment of change

12.6.1 Any change shall be assessed for its impact on the safety of the equipment (hardware and software),
specified process and cycle parameters, and the effectiveness of the sterilization process. Changes to be
considered shall include:

a) replacement of a part which can cause a process parameter to change;

b) repf[acementof a part which can cause an increase in leakage into the chamber,

¢) varjation of homogeneity of the process variables in the usable chamber spate-of the sterilizef;

d) new or modified software for process or cycle control and monitoring and/or hardware replace
moflification of the automatic controller or its software;

e) any|change to a process or cycle parameter;

f) any|change to services and the outcome of equipment mainteniance on a service;

g) anylchange of the SBS or packaging system or packaging proceduresised;

h) any|change of load configuration;

i) any| change of product manufacturing processes, product matetrials or source of materials or d
product;

j) any/change of equipment maintenance procedures.

12.6.2 [The outcome of the assessment,-including the rationale for the decisions reached and th

of changes made to the sterilization process, product or requalification requirements, if any,

documgnted.

ment or

esign of

b extent
thall be
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Annex A
(informative)

Guidance on the principles of moist heat sterilization and rationales

for requirements

A.1 General

Al1

The purpose of this Annex is to provide general guidance on the principles of moist héatster

and ratjonales for the requirements. The clause numbering in Annex A does noet, and is not’intended,

with th
settings

A.1.2

of disc
process
its com
organis
detail, t

A.1.3

require
intende
for achi

Table

e normative text. Specific guidance for health care facilities is given in Annex¥\and for in
in Annex H where guidance clause numbers align with normative-clause numbers.

The development, validation and routine control of a ‘sterilization process comprise a
rete but interrelated activities, e.g. calibration, equipment maintenance, product de
definition, 1Q, OQ and PQ. Table A.1 summarises. the .various se¢tions cornprising this do
bonent parts and purpose and an indication of the personnel‘or gperational functions w
htion who can be responsible for ensuring implementation. The'subsequent sections discuss,
hose elements.

The guidance given in this Annex is not intended as.a'checklist for assessing conformance ¥

i to assist in obtaining a uniform understanding by providing explanations and acceptable 1

A.1 — Elements of sterilizing agent chiaracterization and sterilization process develop
validation and routine control

lization
to align
dustrial

number
finition,
cument,
thin an
in more

vith the

ments of this document. This guidance considers;the principles of moist heat sterilizatiof and is

hethods

bving conformance with requirements. Methods gther than those given in the guidance can e used.

ment,

Elée

ments Purpose Components Responsible part

Quality

System To provide a structure to con-
trolall stages of the steriliza-

tion process

Management responsibility,
design control, product reali-
zation, measurement, analysis
and improvement

All parties with respect 4
elements undertaken

p the

Sterilizing agent

To specifythe sterilizing Sterilizing agent definition,

Developer of the sterilization

charactgrization |agentand toestablish its microbicidal effectiveness process

microbicidal effectiveness studies, material compatibili-

considering relevant parame- |ty and biological safety

ters impacting efficacy.
Sterilization pro-— |To provide a specification of |Sterilization process cycles Sterilizer manufacturer, In
cess/eqpipment the whole of the sterilization |and parameter specification, |collaboration with the developer
charact¢rization  |process and the equipment equipment specification, of the sterilization process, if

necessary to carry it out ancillary equipment, and ser-

vices, safety and environment

appropriate

Product definition

To define the product to be
sterilized

Product definition / identifi-
cation, packaging materials
and configuration, product
quality prior to sterilization

Manufacturer of the product to
be sterilized (and sterilizer man-
ufacturer, depending on claims
made for sterilizing equipment)

cess def

Sterilization pro-

inition

To define the sterilization
process in order to achieve
sterility for identified product
whilst maintaining safety and
performance of the product

Cycle definition / specific
adaptations, biological safety,
process residuals, product
compatibility and restrictions
on re-sterilization

Manufacturer of the product to
be sterilized, in collaboration
with the sterilizer manufacturer
and, if appropriate, the health
care facility
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Table A.1 (continued)
Elements Purpose Components Responsible party
Validation To demonstrate that the de- |Installation qualification, Organization with responsibility
fined sterilization process can |operational qualification, for sterilizing the product which
be delivered effectively and |performance qualification, can be either:
reproducibly to the load review, and approval of vali- | _ },e manufacturer of the
dation

product to be sterilized;
— or the processingfacility,

in collaboration with the steriliz-
er manufacturer, if appropriate.

Routinelmonitor- |To demonstrate that the val- |Load, load configuration, ster- | Organization with respomsibility
ing and [control idated sterilization process ilization process monitoring, |for sterilizing the préduct which
has been delivered within record generation, periodic carn beeither:

defined tolerances to all prod- |testing, record retention

s — the manufacturer of fhe
ucts within a load

product to be sterilized;
— or the processing facflity,

in colaboration with thelsteriliz-
er,manufacturer, if appropriate.

Productrelease To review records of rou- Record review, indicator test- fQrganization with responsibility
from st¢rilization |tine control procedures and |ing (if any), product disposi<_~[for sterilizing the producft which
determine the disposition of a |tion, corrective action (if any)-|can be either:

particular load — the manufacturer of fhe

product to be sterilized;
— or the processing facility,

in collaboration with the|steriliz-
er manufacturer, if appropriate.

Maintaiping ster- |To ensure the continued Equipment'mainteénance and |Sterilizer manufacturer gnd the
ilizatior] process  |acceptability of the validated |calibration.Assessment of organization with resporjsibility
effectiveness sterilization process chafige. for sterilizing the producft which

can be either

— the manufacturer of fhe
product to be sterilized;

— or the processing facflity.

A.2 Normative references

No addifional guidance.

A.3 Tprms and definitions

Users of this document should familiarise themselves with the terms and definitions defined in (lause 3
and subsequently used throughout this document to ensure a complete understanding of the coptext in
which they‘are used. ISO/TC 198 has made a concerted effort to harmonise definitions across the geries of
standandsifor which it is responsible. These agreed harmonised definitions are found in ISO 11139. \Vorking
groups are encouraged to utilise a harmonised definition should one exist and, if necessary, add additional
clarification in the form of notes to entry where contextualisation is required for individual standards.

A.4 General

A.4.1 This subclause describes the need to have a documented approach to specific processes in order to
ensure consistent implementation of the requirements of this document. This document cannot require a
formal quality management system (e.g. as described in ISO 13485), however there are significant benefits
of combining the individual documentation processes required in this document into a formal quality
management system.
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A.4.2 This document does not require that a complete quality management system conforming with
[SO 13485 be implemented, nor does it require that those quality management system elements that are
specified be subject to third party assessment. However, it is advisable to consider implementation of
documented procedures in order to reduce the risk of non-sterile products entering into use.

A.4.3 The effective implementation of defined and documented procedures is necessary for the
development, validation and routine control of a sterilization process for medical devices. Such procedures
are commonly considered to be elements of a quality management system and can include-(but are not
limited to):

a) control of documentation, including records;

b) assjgnment of management responsibility relating to;
1) |management commitment,
2) |customer focus,
3) [quality policy,
4) |planning,
5) [responsibility,
6) [authority and communication, and

7) |management review;

c) projision of adequate resources, including competent hunian resources and infrastructure;
d) conftrol and verification of product and services provided by external parties;

e) idenptification and traceability of product throughout the process;

f) confrol of non-conforming product;

g) majntenance and repair of'equipment;

h) calibration of monitering and recording.systems;

i) measurementand.analysis systems(designed to monitor and improve performance including cofrective
and preventive actions.

A.4.4 [Theprocesses involved in'the development, validation and routine control of a sterilization |process
can invdlve a number pfSéparate parties, each of whom has responsibility for certain elements. The parties

cessary

xist for quality management systemp in the
entof such—systems—whether— imdustrial

A.5 Sterilizing agent characterisation

A.5.1 Sterilizing agent characterisation

This activity can be undertaken in a test or prototype system. The final equipment specification should be
relatable to the experimental studies undertaken using any such test or prototype system.
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A.5.2 Sterilizing agent

Moist heat is water in a vaporous or liquid state at elevated temperatures sufficient to cause microbial
inactivation. Temperatures usually at, or higher than 115 °C, are employed for sterilization. Moist heat can
be provided as saturated steam or can be generated in situ by applying thermal energy to water already
present in the product. Moisture acts as the medium for transferring thermal energy to microorganisms.
Water molecules also act as a catalyst for the destruction of macromolecules within microbial cells.

A.5.3 Microbicidal effectiveness

A.5.3.1 The microbicidal efficacy of moist heat is reliant upon the temperature and.the duration of contact
betweefi water molecules (moisture) and microorganisms. Therefore, the process variables for a mgist heat
sterilizdtion process are the duration of exposure to a specified temperature in‘the'presence ©f‘moisture
sufficient to bring about microbial inactivation.

A.5.3.2] There are a number of recommended time and temperature combinations which are recognised by
some regulatory authorities and pharmacopoeias as acceptable processing conditions, [t is commor] for one
or morq of these time temperature combinations to be available on‘commercially-available sterilizprs. The
time and temperature combinations only describe the holding tirnes, not the ait removal or drying stages
which rhake up the whole of a saturated steam sterilization cycle. Some exaniples of these combjnations
are list¢d in Table A.2. The tolerances (often termed the sterilization temperature band) associatedl with a
particular sterilization temperature is determined by a minimum temperature and a maximum tempjerature
at which product qualification can be maintained. For example, a sterilization temperature band would be
plus 3K|minus zero K. All combinations listed in Table.A:2 are based{on-the concept of an overkill approach
in which the microbial inactivation brought about.by exposure)te.the moist heat process ensuregs a SAL
which provides a greater assurance of sterility. If other less\widely recognised combinations of tjme and
temperature in the presence of moisture are used, then microbicidal.capability could need to be established.
Generallly, the lethality of moist heat processes is predictable using the mathematical methods descfribed in
the liteffature (e.g. F, estimation of equivalent time of exposure at 121,1 °C). However, care should e taken
when applying this approach since such mathematical'approaches will only apply across a limited range of
time anfl temperature combinations.

Table A.2 — Examples of typical combjnations of minimum temperature and time for moist heat

sterilization
Temperature Holding timeP F,value?
°C min min
121 15 15
126 10 30
132 4 50
Y34 3 60

a  F yaldeis only known to be applicable to contained product sterilization processes. Its application in
saturated steam sterilization processes is possible but the presence of significant quantities of residual
airvinithe chamber or other NCGs introduced with the steam can reduce the microbicidal lethality to a
point when the equation used to calculate F, values is no longer valid.

b The time when all measured temperaturesin the load and at the reference measurement pninf are

at the specified temperature (holding[’;ime).

A.5.3.3 Saturated steam is water vapour in a state of equilibrium with its liquid state. If dry saturated
steam (i.e. no liquid water present) at a defined pressure and temperature is heated whilst maintaining a
constant pressure, the steam will become superheated (this is discussed further in Annex E). Superheated
steam behaves like a dry gas; it is unable to condense and release the latent heat that saturated steam has,
until the superheated steam is cooled to its saturation temperature. This results in extremely slow heating
of loads, when compared to saturated steam. Superheated steam also has a low microbicidal effectiveness
when compared to saturated steam. Superheated steam can be created by rapid pressure reduction in which
the pressure/ temperature energy relationship of saturated steam is disrupted. The adiabatic expansion
of saturated steam results in the excess thermal energy present being converted to superheat. It can also

© IS0 2024 - All rights reserved

34


https://standardsiso.com/api/?name=dfa5bf4cf2ea3bf41ecff231525b98ec

ISO 17665:2024(en)

occur from the exothermic rehydration of parts of the load containing natural fibres such as cellulose (e.g.
paper and linen). The formation of superheated steam can be minimized by careful engineering of the steam
supply system and correct conditioning of loads prior to sterilization, for example:

a) having a series of pressure reduction stages from the supply pipe to the chamber and ensuring the
pressure reduction ratio for each stage does not exceed 2:1;

b) ensuring steam velocity does not exceed a value which would cause superheating of the steam (e.g.
25 m/s);

¢) ensuring materials made from natural fibres are preconditioned to a humidity greater-than 40 % RH
prior to sterilization.

A.5.4 [The effect of contaminants

A.5.4.1( For a saturated steam sterilization process, contaminants can include NCGs-arising from an
inadeqyate air removal stage, air leakages into the chamber, or carried within the.§team supply to the
sterilizg¢r and which can affect the microbial lethality of moist heat at‘the surfacdes to be sterilized, or
corrosiye agents similarly carried in droplets of liquid mixed with the steam supply.Liquid water, expressed
as adrypness fraction (see C.10), can also be considered a contaminant'since thiswill'affect steam pengtration
and hedt transfer rates to product and the ability of the process.to dry the-product (see D.2) at thg end of
the platieau period of the process. The level of risk to the process and load-associated with the pregence of
contam|nants can depend upon the point in the process wherirmaximum. quantities occur.

A.5.4.2( Inorganic (e.g. salts used in water purificatiorsystems) ar organic (e.g. filming amines, endptoxins)
contam|nants suspended in the sterilizing agent canbe both tokic and ecorrosive and can generate d barrier
between the microorganism and the sterilizing agent on load surfaces. The contaminants can ofiginate
from fe¢d water, that is heated or evaporated into steam. Theycan also originate from contact between the

can alsd arise from the pipework and.engineering devices eniployed to condition the steam (e.g. confdensate
traps) ds it is transported to the chamber and finally condenses on the product. Consideration shHould be
given t9 the impact from raw water, water tréeatrnent plant, boiler and steam distribution wHich can
carry oper unwanted substances.such as antizfoaming agents, and corrosion inhibitors. The presence of
waterb¢rne microorganisms-irboiler feedwater.can give rise to the creation of organic bacterial endptoxins,
which, Ii'

present|a risk of adverse reaction (pyrogenesis) in patients, e.g. toxic anterior segment syndrome (TASS) in
ophthalmic surgery. If the level of centaminants in the sterilizing agent can be affected by the quality of the

steel foff the fabrication of steam generatlon equipment and pipework can help reduce the need for cqrrosion
inhibitgr chemicals and therefore'¢ontamination from inorganic and organic substances. Similarly, use of
dedicatgd steam generation-equipment enables greater control over the quality of the steam producgd.

A.5.5' Non-condénsable gases in the steam supply

the stegm generation equipment. Hence, steam supplied to a sterilizer will inevitably have small qyantities
of NCG =ntra1ned w1th1n it. The acceptable content of NCG in the steam supply is given by the methgd in EN
285 and d steam.
Due to steam havmg a much greater Volume than its condensate the value of NCG in steam is hundreds
of times lower than when expressed as a percentage of condensed steam. The presence of NCG in steam
supplied to the chamber can be detected using air removal and steam penetration tests (C.4 and C.5 describe
examples of such tests). Whilst it is accepted that small levels of NCG in steam are unlikely to influence
microbial inactivation, larger quantities can begin to have a deleterious effect on process lethality. NCG will
be concentrated at sites of steam condensation, due to steam condensing and reducing in volume to liquid
water that will run away by gravity, whereas NCG will not condense and can accumulate in large quantities,
where moist heat conditions can no longer be present, affecting heat transfer to the load and microbial
inactivation. NCG and residual air mixed with steam pose other processing problems due to the possibility
of stratification within the chamber because cold air is denser than steam.
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A.5.6 Residual air in the chamber

A.5.6.1 Many moist heat sterilization cycles employ an air-removal (conditioning) stage designed to
remove the residual air within the chamber to a very low level (saturated steam sterilization processes).
This ensures that air pockets or stratified layers of air cannot form in the chamber or load which can inhibit
the formation of moist heat conditions on the surfaces which need to be sterilized. Air removal can be
achieved by dynamic means, typically by the use of a vacuum pump to give alternate steam and vacuum
pulses, sometimes termed a pre-vacuum or fractionated vacuum process. Air removal can alse be achieved
by passive means, where gravity forces the heavier (denser) air to be displaced by the lighter (less dense)
steam, termed a downward displacement or gravity process. Some other moist heat sterilization processes
deliberately employ mixtures of steam and air; if such mixtures are used as the sterilizing agent, then the
methodk described in ISO 14937:2009, 5.3, can be used to establish microbicidal capability. Furthermore,
some sferilization processes (contained product sterilization processes) can deliberately employ an
overprgssure of air (air ballasting) within the chamber in order to prevent distortion and fracture of product
containprs. When these processes are used, engineering measures are implemented to ensure mixing of the
steam ajnd air in order to create a homogenous heat transfer medium within the chamber

A.5.6.2| In saturated steam sterilization processes thermal measurements are-often used to asjsess air
removal from and steam penetration into loads. Thus, througheut the air repfoval.and equilibratfon part
of the operating cycle, the difference in temperature between-the temperature'measured at the re¢ference
measurjng point in the sterilizer and a measurement point or-a medicalsdevice oivin a reference lpad can
sometimes be considered an indicator of the presence of iroist heatcatvthe nieasurement locati¢pn. This
approadh should be used with care as thermometric methods cannot differentiate hot air from sdturated
steam gt the same temperature. Additional evidence.in the form-of supplementary tests using different
measurpment methods responsive to the presence.or.absence ofmoisture (for example biological inflicators
or chenfical indicators) can be needed to confirm the presence.of moist heat and sterilizing conditions.

A.5.7 |Water droplets entrained within the steam-supply

A.5.7.1| Water droplets can be entrairied within.the steam supplied to a sterilizer. This water can arise
from the steam generation system. The water can contain inorganic and organic contaminants present in the
steam generator as discussed above. Steam containing large quantities of liquid water carries less endrgy and
as a resplt does not facilitate rapid heating ofload items. Water entrained within steam can remain yith the
load after the drying stage (also knownas reconditioning) resulting in loads which are wet when rfemoved
from thp sterilizer. This can compromise the efficacy of the SBS or the packaging system and the qtiality of
the profluct if using a saturated steam sterilization process, resulting in microbial recontaminatign and a
non-stefile load. Methods for detérminirngthe water content of steam supplied to the sterilizer are d¢scribed
in Annek C.

ffects on materials

effects are generally limited to corrosion, deformation and fracture caused by the temperatyres and
s of thessterilizing agent, water content (dryness fraction low) and contaminants in the ste¢rilizing

nvironmental considerations

A.5.9.1 The presence of noxious substances in the exhausts and effluents from the sterilizer should be
considered. For moist heat sterilization, hot water condensed from the steam can be a major effluent. Many
authorities have limits on the temperature of discharges into public waste systems and these should be
observed. Further guidance is given in ISO 14937:2009, Annex E.

A.5.9.2 Principles of an environmental management system can be applied to a moist heat sterilization
process. ISO 14001 specifies the requirements for an environmental management system. ISO 14040
provides guidance on designing a life cycle assessment study.
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A.6 Process and equipment characterisation

A.6.1 Process

A.6.1.1 General considerations

A.6.1.1.1 The purpose of this activity is to specify the entire sterilization process and the equipment

necessary to deliver the sterilization process safely and reproducibly.

A.6.1.1.2 The process Varlables for moist heat sterlllzatlon processes are exposure for a spec1f1c
a speciftedter ’ i

cycle vdriable for moist heat sterilization would be pressure which plays 1o part-rnmicrobial 1nac1
The sterilization process specification should include all the process and cycle'parameters that’de
exposufe profile throughout the operating cycle, e.g. pressure transition points and the time |
them dyiring the air removal stage (conditioning) and the temperature during the holding time. I
also include the ones used to verify reproducibility. Annex D provides €éxarmples of moist heat ster
processes and the associated operating cycles.

A.6.1.1{3 A sterilization process is established for a specified product faniily(ies) and

time at
htion. A
ivation.
fine the
etween
should
lization

loading

configuration(s). The portion of the operating cycle over, which micrebial inactivation is clajmed or

established should be identified (e.g. the holding stage in a'saturated steam-sterilization process or
when thle contents of containers are above 115 °C and fali-below that value.at the end of exposure f
estimatjon of process lethality). The upper and lower limits of each process variable that can affg
this lethality and the performance of the medical device, shouldyalso be defined. The specification
sterilizdtion process and the equipment that delivers the process'should contain sufficient detail for
be consjdered in the subclause that covers process definition.(see Clause 8) when a new product or
configufation is proposed.

A.6.1.14 The performance of a medical device €an ‘be-affected by contaminants on its surfg
contam|nants and maximum acceptable concentration(s) contained in each fluid coming into cont
the medical device should be specified and included in-the sterilization process specification (e.g. theg
of stearh entering the chambeér in a saturatéd steami sterilization process or of a ballasting overp
of air inf a contained product sterilization\precess): Some of the contaminants which can be conside
discussged in Clause 5 and.in’C.10

A.6.1.1f5 Provisien should be.‘made. to’ monitor and record data for assessing the effectiven

he time
por an F,
pct both

for the
them to
loading

ce. The
hct with
quality
ressure
red are

bss and

suitabiljty of a routine sterilization“process using calibrated instruments. The accuracy of measyrement

should Ipe related to the tolerances of the process and cycle parameters.

A.6.1.146. The relatiénship'between the temperature measured at the reference measurement p
the temperature medsured in the load should be known for each product family.

A.6.1.2| Specific considerations for saturated steam sterilization processes

int and

A_6_1_2 1 Saturated steam csterilization processes-are f']nncn it ‘Alhlf‘l’\ f]f\n cf‘n‘:m U\nflrnn f]f\n chamh

Datarate O TtEa T Ot Aot o P crroro

sterilizing agent, i.e. provides the moist heat on the surfaces which require sterilization.

br is the

A.6.1.2.2 Steam can be generated within the chamber or can be admitted to the chamber from an external
source (e.g. a steam generator or boiler). Air in the chamber will be gradually reduced in quantity by gravity
displacement, active flow or by forced evacuation. Annex D describes such processes in greater detail. It is

assumed that if residual air is reduced to a level so that standardised test procedures reach their acc

criteria then moist heat conditions will be present on the surfaces requiring sterilization. Annexes

describe some of these standardised test procedures.
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A.6.1.2.3 Variations in process and cycle parameters can result in an amount of air remaining in
the chamber at the end of air removal which result in an ineffective process. The sterilizer technical
documentation or a responsible person should provide adequate information to the user so that this can be
guarded against. The information should include:

a) the
b) the
c) sou
1y
2)
3)

d) the
pro

A.6.1.2

A.6.1.2
achieve
active f
when u
inactivd

A.6.1.2
lumens
conditid
thickne
of medi
air rem
several
dilute t
move in
‘scourin
lower p
of time
steam [

temper

A.6.1.2
tables

upper and lower limits for each process and cycle parameter;
method used for air removal;
rces of residual air including:

leaks into the chamber (e.g. from a faulty door gasket),

inadequate air removal (e.g. due to an insufficient vacuum level being achieved),
NCG present in the steam supply;

test methods, monitoring procedures, test frequency and acceptance criteria-for ster
cess evaluation (e.g. the maximum leak rate permitted into the chamber).

4 Consequences of residual air

. The removal of air from the chamber and surface of the load by either gravity displace

tion achieved by the sterilization process:

heavy solid masses and instruments and tektiles ‘centained within their SBSs. The
ns required for effective airiremoval are influenced by length, width and shape of lum
5s, material of the product, mass, density, th€SRS used and other items contained in the same

pval should be used to-attain a predictably low residual air level. An example is one that

vacuum and/or steanipulses (sometimes.known as dynamic or fractionated air removal) to
e air from the chamber and medical device(s) (see D.2 for example). During each pulse, ste
to and out of the imedical device and the condensing steam will re-evaporate and cause a
g’ of the residual air contained in, crevices, lumens and SBSs. The number of pulses, the up
ressures associated with-each pulse, the rate of change of pressure and temperature, and the
between each change, are.cycle variables and these will play a part in effecting air remg

iture changes;&hérates of change, and the duration of each change should be taken into acco

5 Measuring air removal by temperature and pressure correlation according tg

A.6.1.2

lization

4.1 Residual air can reduce the efficacy of the sterilization progess so that the defined SAL is not

ment or

low is more predictable when simple solid medical devices, are pracessed. Care should be taken
5ing these processes for other types of products so that £esidual air does not affect the mjicrobial

4.2 Air removal is more challenging from complex medical devices such as instruments containing

bhysical
b, wall
backage

cal devices (see also Annex:G). For such tedical devices, an operating cycle that employjs active

bmploys
serially
am will
ynamic
per and
nterval
val and

enetration thereby assuring moist heat is attained at surfaces which require sterilizatiof. When
assigning the suitabilitycofa product family to a sterilization process, the combination of these press

ure and
unt.

steam

remove

5.4 A sterilization process that removes air from the chamber to a low level can fail to

sufficient air from a lumen or cavity within a medical device so as to allow steam penetration and formation
of moist heat at the internal surfaces which need to be sterilized. Dalton's law states that the total pressure
in an enclosed space is equal to the sum of the partial pressures of the individual gases present. In theory the
temperature in a chamber containing a mixture of steam and residual air will be lower than the calculated
temperature derived from the measured pressure in accordance with steam table values (see Annex E for
further information). However, there is evidence to show (see E.2.3) that an amount of residual air sufficient
to cause a process failure in a load can only reduce steam temperature by less than 0,001 K. A temperature
difference of this magnitude is smaller than the tolerances applied to the temperature and pressure
measuring chains fitted to modern sterilizers and therefore cannot be detected. As a consequence, using the
differences between the temperature at the reference measurement point and the temperature calculated
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from the measured chamber pressure using the steam table values will not be an acceptable approach for
detecting the small volumes of air which can cause a process failure.

A.6.1.2.5.2 However, whenever the measured temperature exceeds the theoretical temperature calculated
from measured pressure, superheated steam can be present. The presence of superheated steam can be
detrimental to the medical device or its SBS and can compromise the sterilization process (see Clause 5 and
Annex E for more information). In addition, a difference between measured and theoretical temperature can
also be due to inadvertent calibration offsets or defective sensors. Any differences between the measured
temperature and that calculated from pressure which exceed specified tolerances can be indicative of a fault
and therefore require investigation into the source of error and application of correctiveactions.

A.6.1.2{5.3 Ideally the limit assigned to the difference should allow for the measured temperature to
be highpr than that calculated from pressure, but should not be lower, to take into account and ljmit the
possibiliity of superheated steam being present. However, the measurement tolerances for the tempgerature
and prejssure measurement chains are taken into account when setting this limit (typicatly 1 K or less, see
Annex ( and E for more information).

A.6.1.2)5.4 For these reasons the efficacy of air removal and steam penetration should be predicted
from ddta obtained from a steam penetration test or a PCD or.monitoring device, nat by the correlation of
measurged temperature with that calculated from measured préessure according to steam tables.

A.6.1.2]6 Measuring air removal using steam penetration tests

A.6.1.2)6.1 The term steam penetration test is generic and canvinclude those devices which are|used in
periodi¢ specific tests to establish equipment performance,e.g: the daily Bowie and Dick Test (fpr more
informdtion see A.12 and Annex C) or in combination with loads toassess a particular characteristjc of the
process

A.6.1.2)6.2 A steam penetration test is.designed forusewith a specified product family(ies) and isjused to
check tlat the amount of residual NCG remaining-in the-chamber at the commencement of the holding time
will not| prevent the formation of moist heat efuthe-surfaces of the medical device for the duratiopn of the
holding|time. The efficiency of the air remoyal systeni, air leakage into the chamber and NCG carriefl by the
steam cpntribute to this amount. Air leakage into the chamber and NCGs carried by the steam supply can be
measured by standardised-tests (see for-example, Annex C and EN 285) or using in-line monitoring fystems
the resylts from whichhiave a knowmnrelationship to those given by the standard method. The preserjce of all
gases present in the cliamber is nionitored by the steam penetration test.

A.6.1.2/6.3 _Asteam penetration test can be based upon a physical measurement, biological indicptors or
chemicgl indicators. The-test system should be equivalent to the most challenging example of the product
family(Jes)-it represefits;. A number of steam penetration and air removal test devices are ayailable.
Perfornfance requirements for chemical indicator-based tests can be found in ISO 11140-3, ISO 11140-4,
[SO"11140-5 and-ASO 11140-6, for physical measurement-based tests in EN 285 for large steam ste¢rilizers
and ‘EN|13060for’small steam sterilizers. Requirements for biological indicators are found in ISO [11138-1
and [SO|11138=3. Guidance on the selection and use of biological indicators is found in ISO 11138-7. Guidance
on the selection and use of chemical indicators is given in ISO 15882.

A.6.1.2.6.4 Master product, which is a health care product or procedure set used to represent the most
difficult to sterilize item in a product family or processing category and reference loads can consist of a
single medical device type, medical devices from different product families or medical devices assigned to
different product families but assembled into a single package. For any reference product or medical device,
difficulty in air removal and the challenge to the sterilization process should not be less than that for any
medical device in the product family(ies) assigned to the sterilization process. Annex G discusses assignment
of medical devices to product families.

A.6.1.2.6.5 Ifitis proposed to use a PCD, i.e. an independent monitoring device such as one which is made
to a specific design by the user or of commercial origin, to represent specific characteristics of a product
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family(ies), then the validity of the PCD when used in the sterilization process should be established and
documented in the information supplied with the PCD and this should include information related to the
conditions which give rise to a failure indication.

A.6.1.2.6.6 An air detector is an example of a monitoring device that can be permanently fitted to a
sterilizer which uses vacuum and steam pulsing to remove air during the air removal stage of a saturated
steam sterilization process. It can be used to predict whether NCG remaining in or leaking into the chamber
or being carried in the steam, could, at the commencement of the plateau period, accumulate in parts of
the load (e.g. lumens) and cause a failure of the sterilization process in these parts. The presence of NCG
identified by an air detector can also be caused by the release of NCG when a product or its'SBS or packaging
system are heated. The setting of the air detector is based on the defined process/parameters and the
producf{Tamily(ies] that the sterilization process is designed to process. The performance of an air dletector
can be pstablished using specified reference loads and procedures as discussed in-Annex C and EN 285.
The air|detector performance can also be established using specified reference loads whichyhave p direct
relationjship to product which will be routinely processed. In such circumstances the user will spdcify the
method|and acceptance criteria by which air detector performance is established.

A.6.1.3| Specific considerations for contained product sterilization processes

A.6.1.3{1 A contained product can be processed in a water immersion cycle, a'water spray cycle| a cycle
with a sfeam-air mixture, a cycle with steam and gravity displacement, or aeycle with forced air remqval (see
Annex I) for more information). The requirements for airremoval and steam perietration are very different
to thosq for saturated steam sterilization of surfaces. Steam and airymixtures are often deliberately|used to
provide|an overpressure which prevents distortion or fracture of the'sterilized container. Such distdrtion or
fracturg¢ is caused by the high internal pressure generated wheén water-based solutions and air arg heated
in a sealed container. Flexible containers can scften during precessing, losing mechanical strength pnd can
rupture.

A.6.1.3{2 The energy required to heat up a load to_ the-defiiied sterilization temperature depend$ on the
product family, the mass (thermal capacity) of theload and its initial temperature. Heat transfer ¢dlepends
on the heating medium, its contac¢t with the product container, the material of the container and c¢ntainer
support system, and the temperature difference-at the heat transfer site. The type of product family|and the
load conpfiguration has a major influence on‘temperature differences between containers. These differences
can be minimized by increasing the flow~and distribution of the heating medium by forced cirdulation.
Mass flpw and homogeneity of the heat transfer medium throughout the chamber can be verified py cycle
variablgs such as fan'speed, circulation pressure and flow. Temperature of the heat transfer mediujn at the
outlet should be identified as a-eycle variable. If steam is used, the temperature of the steam envijonment
should #lso be considered a cycle variable. Consideration can need to be given to ensure the heat fransfer
mediun is free.of pyrogensand cliemical impurities that can cause spotting on the container. In addifion, the
heat transfer fluid can needtobe sterile by the end of the period of the operating cycle for which lethality is
claimedfand during the cooling stage.

A.6,1.3]3 Thetemperature distribution within the product container depends on the shape of the cqntainer,
viscositly of the product, conduction through the container wall and product, and convection within the
product]. Latge product containers need longer times to heat up and cool down, which can restrictthe size
of contdiner that can be used for products sensitive to prolonged exposure. Integration of process lethality
can be considered as a means of reducing the thermal energy applied to the product in order to minimise
product degradation whilst still achieving a specified SAL. During the sterilization process, the locations
of the product containers exhibiting the highest and lowest temperatures during the heating stage and the
highest and lowest temperatures during the cooling stage in the load should be identified. The temperatures
measured in these locations should be treated as cycle variables; however, if either location cannot be
reproduced, a statistical approach can need to be used to ensure the specified microbial inactivation is
consistently attained while maintaining product integrity.
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A.6.2 Equipment

A.6.2.1 Specification

Equipment used to deliver the sterilization process should be specified. The specification for the equipment
should include sufficient information to perform a process definition for a new product or loading
configuration (see Clause 8 for more information). The specification can be developed by the organisation
which will use the sterilizer, as can be the case for industrial users or a published standard can be referred
to. European, regional and national standards for sterilizing equipment have been published (e.g. EN 285).
These standards contain such information as materials which can be used in construction, performance
requirements and methods of conformity assessment. Materials used for the construection of a sterilizer
should \ D m, heat
transfer fluids or air used to pressurize the chamber can carry corrosive and toxic agents. These should
be identified, and maximum permissible levels specified (see C.10 for some‘examples of-contaminants
which dan be considered). The correct choice for the material of constructian and the control of c¢rrosive
contam|nants will eliminate the need for protective agents such as filming amines (e.g-Hydrazing) to be
used.

A.6.2.2| Servicesrequired

A sterillization process delivered in accordance with its specification is ({dependent upon the qyality of
the seryices provided. The services required should be ‘identified in theZspecification (e.g. stean], water,
comprepsed air, electrical power), along with the values-and tolerances-foreach: During maximum demand,
pressure measured at the connection to the sterilizer for each service should not fall below the mlinimum
specifield. If services are provided by another party, recommendations from the sterilizer manufacturer
should |pe followed and conformity confirmed! For example, “in{some health care facilities th¢ steam
generatjon equipment can be operated by an engineering utility comipany whereas the user is pagt of the
health qare facility organisation. This is established during 1Q. For example, the efficiency of a water ring
vacuum pump and a heat exchanger deteriorates with falling.water pressure and rising water tempgrature.
For thi§ reason the minimum water:pressure and maximum temperature should be specified ahd then
established during IQ.

A.6.2.3| Filters

The requirements for filters should b€ specified,‘e.g. water strainers or air filters. The air entefing the
chambelr to allow pressure equalisation at.the end of the sterilization process should be passed through a
microbiplly retentive filter in order:to prevent re-contamination of the load. The equipment specification
should include suctia requirementand-consider means to protect the filter from inadvertent exposjure to a
backflow of a.chiamber fluid which eotld impede performance.

A.6.2.4| Measuring chains

A.6:2.4]1 The measuring'chains including sensors, e.g. temperature probes, used to monitor the [process
and-eycles variables, interconnections and signal processing equipment, e.g. a programmable logic cgntroller
(PLC) or mictecomputer, should be specified.

A.6.2.4.2—themeasuringchaimrproviding the records of the sterttizatiomprocess isimdependent from those
used by the automatic controller and indicating instruments. In practice this means the use of duplicate
or duplex sensors and signal processing systems which are independent of the system used to control the
process. A system that combines recording, control and indication can lead to an ineffective sterilization
process being interpreted as effective. Independent recorders are characterized by separate measurement
chains, data processing and printing and recording systems that are independent from those used by the
automatic controller. Interchange of informative data between the recorder and the controller for other
purposes is not excluded. It should not be assumed that an independent system implies a completely
separately hardwired measurement chain. An independent measuring chain can co-exist within the same
electronic device or even within the same electrical circuitry. The implementation of a monitoring and
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recording system, which is independent from the control system in its various guises, is considered in
ISO/TS 22421:2021, Annex B.

A.6.2.5 Environmental and safety considerations

A.6.2.5.1 Local regulations for environmental considerations can govern the discharge of emissions
and effluents from the sterilizer and these can vary from one jurisdiction to another. For example, the
temperature of hot water discharged from the sterilizer vacuum pump or condensate traps (if iot recovered)
into the public sewer system, the particulates released from either the product or packaging, orboth, during
sterilization, and the volume of water used during the process, can need to be controlled.

A.6.2.5{2 Safety considerations are part of equipment design, installation and: operation,|»)Hressure
systemg regulations govern pressurised fluids used in a moist heat sterilizer'and can be(Spécific to a
particular jurisdiction. This document does not provide guidance in this area: Reference should be made to
[EC 610[10-2-040 and national regulations.

A.6.2.5]3 Failures of items critical to process performance or safety, including thé operating eqyiipment
and ser}ices, should be detected by the monitoring system of the“equipment (e.g»fault indication [system,
process| evaluation system, air detector). A failure can require ‘different types' of indications depending
upon it potential effects and urgency, e.g. audible and visual alarms, warnings, error indications, mgssages,
displays, as well as subsequent automated responses of equipmment or corrective actions by the operator.

A.6.2.5/4 The consequences of a failure can depend on the curfent-operation mode of the eqyipment.
Different levels for alarms and indications dependiiig on the related/criticality can be provided.

A.6.2.6| Accessories

Accessqary systems, such as containers, shelving, racks ahd carriers designed to support, transport orfcontain
the medical device, should not unduly restrict uniform'steam distribution, circulation of heat transfer fluid
(e.g. a sfeam-air mixture in a contained product sterilization process), removal of residual air, drajnage of
condengate or drainage of water. The system should-alsc prevent damage to either the medical devige or its
packaging, or both, and retain'the integrity of theload.

A.6.2.7| Software

Local r¢gulatory requirements shopld be taken into consideration regarding software design, ver{fication
and valjdation. Additional guidance isgiven in Good Automated Manufacturing Practice 5 (GAMP 5).[49]
ISO/TS P2421.also considersvarious aspects of software systems used in sterilizers.

A.7 Ppoduct definition

A.7.1 JGeneral

The puipose '0f this activity is to define the product to be sterilized, including the microbiologicalf quality
of the prieduct prior to sterilization (bioburden) and the manner in which the product is packaged and
presented for sterilization.

A.7.2 Product design

A.7.2.1 Product design normally follows a structured approach. Early in the product design stages
consideration should be given to the sterilization process which will be used. Exposure of a medical device
to the sterilizing agent should not cause the design parameters for each material used in the construction
of the medical device to exceed the maximum or minimum permissible values. As temperature rises, some
materials soften and are more susceptible to physical stresses or mechanical forces. Differential expansion
through low heat-conductive materials, or the expansion and contraction of dissimilar materials in contact
with each other, can cause an increase in material and joint stresses.
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A.7.2.2 Limiting values can be identified for all materials and combination of materials used including the
proposed SBS. The effects of exposure or repeated exposure (when applicable) to the sterilizing agent under
any combination of process parameters on the physical and chemical characteristics and biocompatibility
of the product should be identified. Limiting values for these process and cycle parameters are specified,
because exceeding the specified values could have an adverse effect on the performance of the product or its
SBS.

A.7.2.3 Examples of some process and cycle variables which should be considered include:

a) temperature;

b) hol "h}".g tima (durall tivna) At tho limiting voluoc.

IO (T vy O Ot e o e CIr O T T eIt i vV T ey

c) prepsure;
d) rat¢ of change of pressure;

e) rat¢ of change of temperature.

A.7.2.4 | Any special requirements for preconditioning of the medical device prier to sterilizatior) should
be specjfied. Natural fibres can contain up to 5 % moisture. When natural fibres-are.dried or condlitioned
in an efivironment of less than 35 % RH they can become.dehydrated so.that when they are sterilized,
they expthermically rehydrate. The process of exothermic.rehydrationiean cause localised supdrheated
steam donditions which can in turn reduce the level of-moist heat to one thatnio longer achieves njicrobial
inactivdtion.

A.7.2.5| Medical devices that are to be processed repeatedly can suffer accumulative changes |such as
surface|cracking caused by differential expansion through.a thick material, brittleness or delamination.
Crevicep and lumens can retain organic,chemical and-~biclogical contaminants that can cause mnaterial
reactions or be unpredictably released during use. Many riaterials that are subject to repeated mqist heat
sterilization have a long history of safeuse, are knownto besuitable and have longevity (e.g. stainlegs steel).
Other naterials, however, can have limited lifespans and require further study. Reference should e made
to ISO 10993-1, ISO 10993-17, 1SO“17664-1 and(S0:14971. During product design, consideration siould be
given td the procedures for disassembly (if appropriate), cleaning, disinfection, inspection and sterilization.
Guidange and methods for.the cleaningrand~disinfection of medical devices prior to sterilization are
addresded in the ISO 15883 series of standards. Iriformation to be provided by a medical device manufacturer
for the processing of a.medical devite is given in ISO 17664-1. The efficacy of the sterilization progess can
be affedted by contaminants present-on-the surface of the medical device prior to sterilization. Al system
should be defined, documented and.maintained to ensure that the condition of the product presepted for
sterilizgtion, inchiding micrébjological, organic and inorganic contamination levels, is controlled ajnd does
not conjpromise the effectiveness of the sterilization process. The means by which this can be dchieved
depend{upon the area,efapplication. In a health care facility multiple factors are considered, includling the
cleaning method and'procedures recommended in the medical device instructions for use, the typical level of
soil.on-fhe device based orithe type of procedure in which it was used, the cleaning solutions, the efficiency
ofthe nmjanual orautomated washer-disinfector process, the control of the environment under which{further
handlir;r occurs and the efficacy achieved in the saturated steam sterilization process. Further guidance for

a healthcarefacility is provided in Annex F.

A.7.2.6 An evaluation should establish that, after processing, a medical device will perform as intended
and will be safe for use. The evaluation should consider mechanical, chemical, electrical, toxicological,
physical, biological and morphological properties. Intended additives, process contaminants, process
residues, leachable substances and degradation products should be considered for their relevance to the
safety of the device and its SBS. Corrosion on some materials can occur if steam is generated from water
of low pH or if the water contains a contaminant such as chlorides and silicates. For example, rubber can
become oxidised in the presence of residual air at elevated steam temperatures. In health care facilities, this
evaluation is completed by the medical device manufacturer and data should be obtained by the health care
facility.
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A.7.2.7 Ina contained product sterilization process, the heat sensitivity and thermal expansion coefficient
of a liquid product can dictate the maximum fill volume, material and size of the container that can be used.
The stability and sterility of the liquid should be assessed from temperature mapping studies carried out in
the proposed container when the liquid is exposed to at least the upper limits of the proposed sterilization
process profile.

A.7.3 Sterile barrier system

A.7.3.1 The major function of an SBS is to ensure that the medical device remains sterile/tintil opened for
use. Sterile barrier systems should allow penetration of the sterilizing agent and withstand-tiie stresses that
occur during a sterilization process, remain secure, and should not have a negative effect on the quality of
the medical device (e.g. by generating particles). Sterile barrier systems for a medical device sternilized in a
saturatg¢d steam sterilization process should meet the requirements of the 1ISO 11607 series of standards.
The combination of materials used to construct an SBS for the product, for example an injegtion rhoulded
polymefic container, should withstand the process parameters that are typical in moist heat procesges. Any
restrictjons resulting from the design of the product and the materials used should be defired.

A.7.3.2| For contained product non-permeable packaging (e.g. vials, ampoules,{non-permeable [flexible
poucheg), the material and design should permit heat transfer to.the productand;.if'a closure is fitted, it
should femain secure and sealed. Non-permeable packaging-should only /be employed if the prpduct is
aqueousg-based and can create moist heat within the container If flexible;itcan be necessary to employ a
steam-gir mixture in order to provide an external overpressure which will prevent the container diftorting
or breaking as a result of the pressure which can build apjinside the container during processing.

A.7.3.3| Protective packaging (see ISO 11607-1) should protect tlie product during customary handling,
storagel|and distribution. If protective packaging is exposed to-the sterilization process it should retain its
ability tp protect the product and should not bejadversely affected.by the sterilization process (e.g. cafdboard
boxes cin be unsuitable). Similarly, if product is sterilized\in secondary packaging, then product usef for PQ
of the sferilization process should include the protective packaging to ensure it does not adversely affect the
effectiveness of the sterilization process (e.g. impeding air removal and steam penetration, attainment of
process|parameters, the dryness of product after renioval from the sterilizer).

A.7.3.4| If, at the end of a sterilization process, controlled conditions are required for the equilibration of a
medical device and its SBS to atmospheti¢ conditions, the method by which this is to be achieved (¢.g. in an
environmentally controlled chambeg or.roem) should be defined.

A.7.4 Product families

A.7.4.1| A'medical deviceZthat is to be sterilized can be characterized by its shape, mass, matg¢rials of
construfction, moving patts and.SBS. A contained product will be characterized by formulation, volyme and
viscositly. Its containér'ean be-characterized by size, material and closure.

A.7.4,2 | A study'should be carried out to assign a product to a product family. Annex G provides guidance
on assigning medical devices to product families and Annex F describes how this study can be carri¢d out.

A.7.5 Pre-treatmrentsanmd preconditioning

A.7.5.1 Pre-treatment can be advised in processing instructions to include use of lubricants, protection
sheets or covers. These actions or accessories can hinder the penetration and development of moist heat
on the device surfaces and adversely influence the sterilization efficacy. Storage of paper-based SBSs and
packaging systems in low humidity can lead to dehydration of the cellulose fibres resulting in the risk of
localised superheating unless re-humidified. See 7.13 d).
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A.8 Process definition

A.8.1 General

The purpose of this activity is to establish a sterilization process, including the cycle parameters by which
it will be controlled and the process parameters to be applied to product to achieve sterility without
compromising the safety, quality and performance of that product.

A.8.2 Process

A.8.2.1 The process variables for moist heat sterilization are exposure for a specific time at a specified
tempergture in the presence of moist heat sufficient to bring about microbial inactivatien. See Clausgs 5 and
6 for further information. The established process parameters should ensure that the conditions in all parts
of the product achieve the required SAL without causing any part to exceed its design limit.

A.8.2.2| There are a number of time and temperature combinations. which are fecognised Hy some
regulatpry authorities and pharmacopoeias as acceptable processing conditions. Some examples pf these
combingitions are listed in Table A.2. A sterilization process based on these recomimerndations will [provide
a very lprge safety margin in terms of delivered SAL. This is termed an overkill appreach. In othgr cases,
a sterilization process is established and validated to predict-achievement of a SAL equal to or lesf than a
specifield value. This includes, but is not limited to, achievemerit of the makimal SAL, generally spedified by
regulat¢ry bodies. A SAL has a quantitative value and mathematically, asSAL of 10-6 takes a lesser vajue than
a SAL 10-*. When all other factors influencing assurancé of sterility are‘equal, there is a greater assufance of
sterilityf associated with a lesser SAL.

A.8.2.3| The sterilization process can be develeped in the productier sterilizer or in a research sferilizer.
During |qualification the cycle parameters| for the defined sterilization process should be set pt their
least fajourable but nevertheless deliverinig acceptable wvalues/for the process parameters for gffective
sterilizgtion. For example, by using the lower tolerance.limit for exposure stage or by using thg lowest
allowablle recirculation rate for a water immersion.pbocess.

A.8.2.4( A sterilization process ‘should be  established for each product family or load configuration
presented for sterilization. The sterilizatiof process can be:

a) identified from equipment that has been validated and known to process product assigned to the same
pro(duct family;

b) developed by the user for the/preduct family assigned to the product;
c) spegified in the medical’device instructions for use;
d) spe[itied in the sterilizer's instructions for use.

The appjroach taken in a health care facility is more likely to rely on c) and d).

A.8.2.5| Inmall cases the limits on process parameters and restrictions on exposure identified in product
definitipn’should be observed. Process parameters should apply to the equipment used. They| should
be optimised to ensure that for defined product families specified exposure conditions will be routinely
obtained throughout the chamber, and the maximum temperatures and rates of change of temperature and
pressure will not cause damage or degradation to the product. Any restrictions on the size and mass of
the load and its configuration should be identified and included in the process specification. In saturated
steam sterilization processes, some loads (e.g. those containing heavy metal medical devices) can require an
extended drying stage of the operating cycle to ensure that residual moisture is reduced to a level which will
not compromise the SBS or product characteristics upon removal from the sterilizer.

A.8.2.6 Compatibility of a new medical device to the least favourable sterilization process conditions
should be assessed. Such assessment should include measurement uncertainties associated with cycle and
process parameters and the quality of the services supplied (see Annex C). The challenge identified for the
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new medical device or loading condition should be less than or equal to the challenge from the existing
load(s). For some product families, assurance that defined exposure conditions will be reproduced might
only be possible if the size of the load and the load configuration have been clearly defined. Examples of
some moist heat sterilization operating cycles are illustrated in Annex D. Assignment of medical devices to
product families is discussed in Annex G.

A.8.3 Role of physical measurements in process definition

A.8.3.1 Effectiveness and reproducibility of a sterilization process can be defined by conditions that can be
controlled and confirmed by physical measurement (e.g. time, temperature, pressure) and-tlie employment
of additional monitoring systems where suitable physical sensors are not available.If acondition changes
and thig can affect the SAL, this condition can be identified as a process variable and-the value atwhich the
change pccurs, a process parameter.

A.8.3.2 For some medical devices the measurement of physical conditions-{e.g. temperature) mjght not
be possfible inside SBSs. For such medical devices the reproducible attaitiment of the‘defined SAL should
be verifiied at a reference measurement point(s) (e.g. the chamber drain or active{discharge line) for the
measurgment of sterilization temperature. In the case of a saturated steam sterilization process, gvidence
that estpblishes reproducibility of the sterilization process can be generated from:

— the| verification of estimated equilibration time based-on known ‘product families and |loading
conffigurations;

— tenjperature and pressure at least at the turning points of pressure;
— nurhber of steam pulses;

— prepsure and/or temperature change rates;

— holding time;

— air |eakage into the chamber;

— steqm quality.

A.8.4 [Role of chemical iridicators in'process definition

A.8.4.1| A chemical indicator can\be used as an element in sterilization process definition. It is|used to
demongdtrate the(attainment of process parameters in the location in which it is placed. For dhemical
indicatqrs of type'1, 3, 4, 5 and 6 see SO 11140-1. For chemical indicators of type 2, special test inflicators
such as| air/femioval and.Steam penetration tests (e.g. the Bowie and Dick type tests) see ISO 11140-3,
[SO 11140-4,1SO 1114045and 1SO 11140-6.

A.8.4.2 Chemical\indicaters show exposure by means of either physical or chemical changes, pr both,
and-are designed.to react to one or more variables of the sterilization process such as time of eyposure,
tempergturetand presence of moisture. The instructions for use accompanying the chemical indicatof should
be consplted with regard to interpretation of the results and to verify that the exposure conditiong (stated
values) lthat cause the chemical indicator to reach its endpaoint (a satisfactory result) are appropriate for
the sterilization process which is to be monitored. Attainment of the chemical indicator's endpoint should
not be regarded as an indication of attainment of an acceptable SAL, but rather one of many factors which
should be taken into consideration when judging the acceptability of a sterilization process. Failure of a
chemical indicator to reach its endpoint should be regarded as evidence of a sterilization process failure and
be investigated. Guidance on the use of chemical indicators is found in ISO 15882.

A.8.5 Role of biological indicators in process definition

A.8.5.1 A biological indicator is a viable microbiological challenge of known resistance that is used to
confirm sterilization process lethality at locations on or in the product where it is placed. The requirements
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for biological indicators and guidance on their use can be found in the ISO 11138 series of standards.
Microbiological process definition and development is discussed in Annex B. When using biological
indicators, consideration should be given to the entrapment of microorganisms in the product, contaminants
in and/or on product, adverse reactions from the materials of construction and the difficulty in locating
biological indicators in hollow devices and lumens.

A.8.5.2 Whenever biological indicators are used to confirm microbial inactivation in prescribed locations,
the physical parameters measured during the sterilization process should always be used to verify that the
defined sterilization process has been carried out according to its specification.

A.8.5.3 A sterilization process based on a defined microbiological challenge représented by biological
indicatqrs is used during process development by the pharmaceutical industry, medical device indu§try and
in health care facilities. This method is known as the overkill approach (see B.4).

A.8.5.4| Asterilization processbased on bioburden in its natural state or combined with théjuse of biological
indicatqrs requires extensive microbiological studies (see Annex B) folilowed by frequent microbiological
screening of product and the environment in order to control bioburden within defified limits. This{method
is genertfally used in the pharmaceutical and medical device industries but rarely(n-health care facilities. It
is chosdn if some attribute of the product or equipment has been demonstrated\during product dgfinition
to be sensitive to moist heat sterilization processing. In this ¢ase; a minimum process is used to atfain the
conditiqns that will allow the product to be designated “sterile” without©empromising product qyality or
function (see Annex B).

A.8.5.5( If a product has been assigned to a product family for which a sterilization process hps been
defined|and this sterilization process is based ori_an established{time/temperature relationship, additional
microbiplogical assessment is generally unnecessary.

A.8.6 [Role of reference devices or process challénge devices (PCDs) in process definitjon

A.8.6.1| Data generated from a PCD, and/or a refererice.device designed to mimic specific attributg¢s of the
product or product family, can be tsed in the dévelopment of the process. For saturated steam ster]lization
processks, factors that can require consideration are (see also Annex G):

a) materials of construction;
b) mass;
c) length and diameter of hollew devices and tubing;
d) absprbency to moisturs;

e) thefmalconductivipy;

f) « sSpefific heatcapacity;

g)  saf¢ty margins associated with the challenge;

h) thelmeans by which air dilution and steam penetration can he evaluated

A.8.6.2 Air dilution and steam penetration can usually be assessed by the measurement of temperature in
combination with the use of either chemical indicators or biological indicators, or both, but it should be noted
that temperature measurement alone cannot differentiate hot air at the same temperature as saturated
steam, and so the presence of moisture.

A.8.6.3 For contained products, the reference device should mimic the temperature profile in the least
favourable location within the product.
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A.9 Validation

A.9.1 General

A9.1.1 All sterilization processes for medical devices should be validated. The means by which this is
achieved can depend upon the area of application. Readers should refer to Annex F for health care facilities
and Annex H for industrial settings for more information. The purpose of validation is to establish that the
sterilization process developed in process definition can be delivered effectively and reproducibly to the
load. Validation also provides evidence that the load is not compromised in terms of its safety, quality and
performance during sterilization. Validation consists of several identified stages, IQ, 0Q and PQ:

— Corformity to the equipment, services and installation specifications is establishied during 1Q;
— Deljvery of the prescribed sterilization process is established during 0Q.

— Thdq attainment of the required SAL in and/or on product is established during PQ.

A.9.1.2| It can be acceptable to move elements of validation between 1Q, 0Q and PQif, during planhning of
a speciffc validation exercise, it is found to be more practical to doso. The processes used during validation
can be donsidered in whole or in part for periodic requalification throughout the life cycie of the eqipment.
It shoulfl be noted that where the bioburden is unknown, the certainty and(reproducibility of the dglivered
SAL to product will be decreased. Under such circumstances an overkillZapproach should be confidered.
Validatibn cannot be regarded as a substitute for the routine'monitoring:and load'release practices discussed
in Claudes 10, 11 and 12.

A.9.2 alidation plan

A docurhented validation plan should be prepared and agreed tipen and approved by the responsiblg parties
before the validation study begins. The validation documents should be subjected to document history and
change [control procedures (see Clause 4). A new product family can require additional OQ on an pxisting
sterilizgr and operating cycle and/or P(3'as determified by-the product adoption assessment.

A.9.3 [Calibration of measurement chains

A.9.3.1| Before validation studies are\performed all measuring chains should be subject to calfbration
checks ind where necessary adjustment under carefully controlled conditions using approved pro¢edures.
Use of Yncalibrated instruments ean‘leadto a process operating outside of its specification being r¢garded
as accejjtable.

A.9.3.2| Afemperature er_pressure measurement chain should be verified using a calibration r¢ference
and a wprking standard,One-example for temperature calibration is use of an oil bath or dry heat cqlibrator
of known stable temperature-traceable to a temperature reference standard. Whenever a number of|sensors
are-imipersed together in-the calibrator, differences in measured temperature between sensorg can be
identifi¢d. Attention should be paid to ensure good heat contact is made between the heat source jand the
tempergturetmeasuring element otherwise systematic errors can be introduced into the measyrement
chain.

A.9.3.3 Whenever differences between measured temperatures are used to judge the results of a
sterilization process, the error in each measurement should be known at the temperature at which
comparison is to be made. For example, the differences in temperature between the centre of a standard
test pack (see Annex C) and the chamber reference point measured during the holding period of a saturated
steam sterilization process. Similarly, the temperatures measured at different locations within a contained
product load.

A.9.3.4 Thecalibration of an instrument(s) fitted to the sterilizer and the calibration of a measuring chain(s)
used for control can often be verified at critical parts of the operating cycle by reference to measurements
registered by test instrumentation used during a performance test. For example, temperature and pressure
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checks can be carried out during the sterilization hold period where a relatively stable high temperature and
pressure is maintained and during the drying stage when a relatively low, very gradually falling pressure
and temperature will be observed. Caution should be exercised if using the rapidly increasing and decreasing
pressure and temperature gradients occurring during, for example, a saturated steam sterilization process
employing active air removal since the hysteresis and time constant of the measuring chains can introduce
offset or phase shifts in the measured signals.

A.9.4 Installation qualification (IQ)

A9.4.1
when an existing sterilizer is replaced or relocated. A new sterilizer should be previded and installed in

accordance with its drawings and specifications. An IQ plan, which can form part'of a validatien|
plan, sh
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operating cycles are functioning safely as intended;

ing an operating cycle there is no evidence of a malfunction or leakage;

ing maximum demand, the supply pressure for each service is between the minimum and m
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of items critical to process performanece or safety including the operating equipment and
be detected by the monitoring .systeni-of the equipment (e.g. fault indication system,
on system, air detector). A failupe can _require different types of indications depending
| effects and urgency, e.g. audible/visual alarms, warnings, error indications, messages, dis
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ing an operating cycle there is no evidence of interference from, or to, other equipment;

sound pressure at the site of installation does not exceed regional or national requirements;

when operated with specified, preferably standardised, tests loads (e.g. small and full load), the
temperature and pressure recorded and indicated throughout the sterilization cycle on instruments
fitted permanently to the sterilizer are within specified limits of the sterilization process;

NOTE
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g) there are no obvious leaks of steam, compressed air, water or effluent at any temperature or pressure
within the working range of the sterilization cycle;

h) the maximum and minimum value for any process or cycle parameters do not exceed the permissible
value specified by the medical device manufacturer(s).

A9.5.2

Sterilizer performance tests

A.9.5.2.1 If performance tests are recommended for the sterilizer, they should be done-during
conformity with defined acceptance criteria should be verified. If conformity to an equipment standard is
claimed, tests performed during 0Q should conform with the tests specified by the gquipment standard.

Additiofial tests can become applicable for verification of claims which are in additiorn.to the requi
quipment standard. When specific cycle types are specified for a sterilizer, the corjesponding

of the ¢
test pra

verificafion (see for example EN 13060).
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sterilization process.

steam

a) Steam quality and air leakage into the chamber can affect the efficacy of the sterilization process
(see Clause 5 for more information). The quality of the steam and the chamber air leak rate should be
established on the installed sterilizer. Examples of methods for carrying out these determinations are

des

cribed in Annex C.

b) Ifasteam penetration test is required (see Clause 6), conformity of the test procedures and acceptance
criteria for the test should be demonstrated. If a steam penetration test is intended to be used routinely
to check air removal and steam penetration, the validity of the test should be known, for example,
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conformance to recognised standards describing steam penetration tests such as ISO 11140-3,
ISO 11140-4, ISO 11140-5, ISO 11140-6.

If an independent, free-standing PCD is intended to be used for routine monitoring, to represent specific
characteristics of a product, the sterilization process should be challenged with this device. The device
can contain physical sensors, biological indicators or chemical indicators. The instructions provided
with the PCD should be followed.

If an air detector fitted to the sterilizer is intended to be used for routine monitoring arnd control, its
sensitivity (failure point) should be set during OQ testing using a reference load. The air'detector should
cause a fault to be indicated if the process parameters for the reference load during @ir.removal are not
attained. The reference load should be representative of a particular challenge of @’ medical device and
loadling configuration (see Annex C for more information).

If the level of residual moisture within the product can affect its performance at the pointefusq (e.g. by
facilitating microbial recontamination), a load dryness test should be carried out.

The following tests are useful in establishing the operational ‘performanee‘of ‘a contained product

sterilizdtion process.

a)
b)

)

A.9.6 [Performance qualification (PQ)

Thq heating, exposure and cooling profiles should be chiecked in an empty chamber.
Coldl spots and hot spots should be identified.

Corfformity with the requirements for process._parameter$ stich.as pump pressure, circulation and
tenjperature should be verified.

A.9.6.1.]1 A PQ plan, which can form part of a validation master plan, should be provided. Procedures should
be inclyded to provide documented-evidence that ‘the sterilization process will sterilize the prpduct(s)

assignefl to the product family the sterilizatiotiprocess'is designed to process.

A.9.6.1.2 The load and load configurdtion should be as proposed for routine production. If repeated
processing is intended; a'load configlration and the least favourable combination of products ffom the
product families assigned to the sterilization process should be used. The SBS should be that which will
be used routinely. If preheating-ef the-sterilizer directly before use is recommended by the sterilizer

manufafturer this should besstated-and carried out before PQ is carried out.

A.9.6.13 Performance_gualification will obtain, along with other factors, information about fhermal
penetrédtion“into loads./This.will require the introduction of a number of temperature sensors |nto the
chanmiber. The numbers of sensors required will depend upon a number of factors such as the size of the

b)

h health

Steam quality and air leakage into the chamber can both have an impact on predefined process variables
and should be known before commencing PQ (see 0Q). If a steam penetration test such as a Bowie
and Dick test is to be used, the results of the test should be known before commencing tests on load
configurations.

During 0Q a number of standardised test loads can be used to establish the efficiency of air removal
and steam penetration of the proposed operating cycle. These are basic performance tests establishing
process capability under defined test conditions. An evaluation of their validity as predictors of
air removal and steam penetration for a load, loading configuration or medical device considered to
represent the most difficult challenge for the sterilization process should be carried out. Data from
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which these judgements can be made should include temperature measurements supplemented by
either chemical indicators or biological indicators, or both, positioned in difficult to sterilize locations.

If a reference or model load is used instead of a production load its validity as an equivalent or greater
challenge to the sterilization process should be established. If a PCD is used to provide a defined
resistance for specific aspects of the load its validity as an equivalent or greater challenge than the load,
including its SBS, should be established. If the SBS of the load is subsequently changed this can change
the relationship between the challenge represented by the PCD and that of the newly packaged load and
can represent a different product family.

The plateau period is a combination of the equilibration time and the holding time: In most cases the
holding time is the part of the operating cycle used to establish lethality.

Hedt penetration into each type of load should be determined either from the temperature mgeasured
within a number of medical device packages or in a reference load. At least one temperaturg sensor
shopld be situated adjacent to the temperature sensors connected to the measurement chain fised for
profess control. If a sensor or indicator cannot be located at a position on a medical-device kfiown to
be difficult to sterilize, the medical device can be substituted by a'different type of medical dpvice or
PCI), provided that the challenge to the process from the alternative has been demonstrated to e equal
to qr greater than the medical device it is to represent. The sensors placed Within the load sHould be
locdted on or within those parts from which air is difficult té remove. Caution shiould be exercis¢d when
intgrpreting thermometric data from within hollow or porbus medicdl devices capable of enfrapping
air.|Temperature measurement alone cannot differentiate betweens\hot/air,and saturated stegm. The
prekence of moist heat can be judged from the exposure of chemicalindicators or biological indigators.

Regroducibility within acceptable limits shouldbe checked using @ minimum of three replicate ¢ycles.

For confained product processes, the test load and its;Jo€ation.in the chamber should be as prop¢sed for
routine|production. Heating, exposure and cooling profiles within the chamber should be checked|at least
in positjons adjacent to the containers ds identifieddn OQ.to attain the shortest and longest expostire. The
profiles| should then be checked within the reference product placed in these locations in a test Ipad and
loading|configuration according to the proposédproduction load. Conformance with the critical parpmeters
identifi¢d in Clause 8 should'be verified. If-ani existing sterilization process is to be used for eithdr a new
product family or loading configuration, or both, the limits on exposure identified in Clause 7 should be
observedd and the attainment of microbiological effectiveness identified in Clause 8 should be verified. If
process|parameters change duringsubsequent development, microbiological effectiveness and the ljmits on

exposure for the existing produetfamily{ies) should be verified.

A.9.7 Review and approval ofthe validation

A9.7.14 Data colleeted during validation should be reviewed and approved by a responsible| person
organizptionally indépendent of those conducting the tests, those preparing the validation report aipd those

respongible for production.

A.9.7.2 | Data, which can be in the form of a validation report, used to confirm the sterilization [process

should inclade where applicable:

a)
b)

‘)
d)

e)

reference to the sterilizer specification and any subsequent changes to it;

the location and unique identification for the sterilizer, e.g. serial number together with name and
address of the manufacturer, type of sterilizer and model reference;

documentation to demonstrate conformance with the safety specifications;
the pressure vessel certificate(s);

reference to an equipment maintenance manual and a planned equipment maintenance schedule for the
sterilizer;
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installation instructions;

operating instructions;

h) documents suitable to supportusers’ obligations to demonstrate compliance with applicable regulations;

i) operational procedures for all equipment maintenance, checks and tests;

j)  details of any modification to the sterilizer, instrumentation or controls;

k) evidence of calibration of the test instrumentation;

1) details of any faults found on the sterilizer and how they have been corrected;

m) for fontained product and, if applicable, packaged product (e.g. containerized/preduct) heatpengtration
stuflies for each type of load/product family;

n) thelparameters used to control the sterilization cycle and a copy of therspecification ferthe sterjlization
prokess;

o) thelidentity of all personnel together with their professional qualifications (in¢erhisof their comjpetence

to do the work) involved in validation.

A.9.8

A9.8.1
and/or

during process development, validation and routine control.

A.9.8.2

subject¢d to a sterilization process. They are a formalised.test described in pharmacopoeias and

Tests of sterility and tests for sterility

Tests of sterility and tests for sterility are tests.used in thiS-document for the qualitative d
quantitative determination of viable microorganisms. Either or both of these tests can

Tests for sterility (often termed- “sterility tests§”) arecarried out on product which h

btection
be used

hs been
involve

sampling a defined number of product units from the processed load and testing for the presence of niicrobial

contam

nation. Such tests have littlé statistical relevarice and will only be capable of determining high levels

of micr¢bial contamination, indicative of a majoy process failure. Such tests should not be accepted as sole

proof tHat a sterilization process.is valid.

A.9.8.3

Tests of sterility are an essential partof a means of determining absence or presence of

Fesidual

bioburden on product, coinponents.of.iproduct or in challenge devices to be used routinely. They arelusually

used in

microbiological approaches during process development and are critical during PQ for pjocesses

established using the approach.discussed in B.2 and to establish the appropriateness of a microbijological

PCD.

A.10 Rputine monitoring and control

A10:1

been de

and dat
routine

The purpese of routine monitoring and control is to ensure that the validated sterilizing pro

h obtained during the sterilization process. Validation tests cannot be considered a substitut

anitaring and cantral yanacnirac dacerihad im Clanien 10 and aynlainad halavag

Cess has

liveréd-to the product each time that it is used. This is evidenced from the results of periodlic tests

b for the

IO toOT T g oo CotTr or it oo ur Co Ot ot Tot O Soa ot oo S p o i c o CIovys:

A.10.2 The outcome of all monitoring and control should be documented, reviewed, approved by suitably

qualifie

d and trained personnel and retained.

A.10.3 The consequences of a failure can depend on the current operation mode of the equipment.
Different levels for alarms and indications depending on the related criticality can be provided. Besides the
documentation of the physical parameters of the cycle, and biological or chemical indicators, if used, any
indication of a failure should be considered as well for evaluation of the cycle prior to product release for

further

use.
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A.10.4 Persons responsible for sterilization should ensure that before the sterilizer is used for pro
they have evidence to show that:

a) scheduled equipment maintenance has been satisfactorily completed;

b) PQ and periodic re-qualification reports are up to date and include the types of load and product
that can be sterilized;

duction,

families

c) the results of regular periodic tests such as the chamber integrity (leak rate) test and the daily Bowie

and Dick Test are satisfactory.

A.10.5 In order to assist the periodic review of this information a procedure can be‘considered in which
each stgrilizer has a “permit to operate” system in place which is agreed between.the persons resil)onsible

for ster]lization and the engineering support functions which certify that equipment maintenaside Has been

carried [out.

A.10.6 Arecording of both chamber temperature and chamber pressure isnormally generated autonjatically

during the operating cycle. The recording, sometimes known as a batchprocess record (BPR) can

then be

used fol comparison with the profiles, often described as master.temperature(/ pressure recordlings or

master jprocess records (MPR), obtained during validation. These profiles can.alsol/indicate the pa
toleranges. Traditionally, this would have been carried out usifng-an acetate-overiay, however with
data pr¢cessing software, such comparisons can be carried.out electronically:

E.1)] can be used to.demonstrate the presence of superheated steam conditions within th
space during the sterilization pregess, but this approach cannot be used to demonstrate a

operating eycle-using a PCD;Examples of how air removal can be assured for every cycle would inc
use of anair detector fitted to the sterilizer or use of a PCD that is not fitted to the sterilizer [see
Other approaches can‘he €mployed but need to be specified, established and validated. The means b
air rem¢val and stea perietration is established for production cycles should have been verified as
the prodluct in the Joad.

A.10.9 [Thetemperature of fluid in reference containers in locations shown from a number of exp

Fameter
modern

and/or
hluation

or load
val and
is used

x E and

P usable
Hequate
and/or
basured
ice and
hddition
for each
ude the
6.3 d)].
y which
Falid for

oratory

lowest

cycles threpresent the coolest and hottest parts of the load can be used to predict the highest an

temperatures throughout a load of fluids. Temperature profiles generated for the chamber and the
circulating heat transfer fluid can sometimes be used to predict a reproducible temperature profile for the
coolest product. Whenever temperatures are to be measured in reference containers located in a production

load, wireless systems can be considered.

A.10.10 The requirements for the duration that records are kept can be specified in local policies and

procedures or in law.
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A.11Product release from sterilization

A.11.1 The purpose of product release from sterilization is to confirm that the product has been successfully
exposed to the specified sterilization process.

A.11.2 All results of periodic tests should be referenced on release documentation, for example a cross
reference to the air leakage and Bowie and Dick type test results.

A.11.3 Product release can be based on the comparison of the temperature profile for the chamber with
the temperature proflle measured in elther a reference product(s) or in a reference locatlon from which
the temperature ‘ . y—Attainment of
the spegified values for sterlllzatlon temperature plateau per10d and sterlhzatlon temperature\band in a
locatior] from which the holding time can be predicted can also be used for prediictrelease.

A.11.4 |For medical devices sterilized by saturated steam in gravity displacement or pulsed stearp cycles
in smal| steam sterilizers, release based solely on sterilization temperature and holding time should be
restrictpd to unwrapped medical devices of relatively low thermal mass and simpledesign. These ar¢ typical
of sterilizers used in a small health care facility, e.g. a dental surgery:

A.11.5 [If either chemical indicators or biological indicators, ‘er both, are‘used routinely, they shiould be
treated|as part of the release criteria and should be additional to the measurement of process paramnjeters.

A.11.6 [The integrity of SBSs and containers should-be visually cheeked after removal from the sterilizer.
Damagdd packaging and containers should be treated as non-cofformingproduct.

A.11.7 Similarly, a system should be in pldce to ensure wet'packs are appropriately addressed in order
to avoid recontaminated products entering the supply.chain (se¢ [47]). Drying should be carried out in an
environment in which particles and microbial contamination are controlled.

A.11.8 [The identification of non<pirocessed and processed loads can be achieved by one or all of the
following:

a) physical barriers;
b) douyble-ended passthrough sterilizers;
c) use|of type 1 process indicators-on the SBS;

d) valijdatedtrack and trace systems.

A.12 Maintaining process effectiveness

A.12.1|General

A.12.1.1 Fhe purpose of this activity is to identify and implement the periodic checks and tests neceksary to
predict the specified sterilization process will continue to be delivered to product during routine processing.

A.12.1.2 Any change that raises doubt about the lethality that will be delivered to the load or that will affect
the quality of the product should initiate a review.

A.12.2 Demonstration of continued effectiveness

A.12.2.1 Whenever records of routine monitoring, periodic testing and performance requalification
indicate unacceptable deviations from data determined during validation, the cause should be identified and
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corrected, and the sterilizer requalified. Product sterilized in processes exhibiting such deviations should
be placed into quarantine until investigations are complete.

A.12.2.2 When a sterilizer is operated infrequently, the periods of inactivity can result in changes to the
performance of the sterilizer or its associated services. This can result in the delivery of a process that does
not conform with the specified process. If the sterilizer undergoes periods of inactivity, a review should
be carried out to ascertain the consequences for process effectiveness, and the measures to be taken to
redefine routine monitoring, testing or requalification to confirm process effectiveness. For-example, the
consequences of a weekend shut down or the effect of an energy conservation system should-be considered.
Similarly, even periods of inactivity during a production shift can give rise to changes which will result in
not conforming process until, for example, a warm up operating cycle has been carriedout.

A.12.3 Daily air removal and steam penetration test

A.12.3.1 The test cycle for carrying out the daily steam penetration test (e.g. the Bowie and Dirk Test)
should fise the same operating cycle as that used for sterile product production. The stéam penetration test
is desighed to assess the ability of the production process to effect air removal and-apid and eveh steam
penetration into the PCD. If using a test cycle that is modified from the operating cyéle the air removal stage
is ident]cal rather than being a specially designed test cycle. If such a test cycleis Used;.it is only ac¢eptable
to adjudt the holding time of the test cycle in order to match the'specified expostre time and temperature
indicatgd in the instructions for use accompanying the challerige device (e.g-’some Commercially pfoduced
test deylices specify a holding time of 3,5 min), or reduce thie drying time of the test cycle. Reference can be
made td ISO 11140-4 and ISO 11140-6 which describes the performancerequirements for steam pengtration
test deviices used for carrying out a daily steam penetration test in-ah eiripty chamber.

A.12.4Process challenge device (PCD) for monitoringevery process

The sudcess of a steam sterilization process-depends onthe combination of the sterilizer, procegs, load,
loading|pattern and SBS. If the sterilization process relies oti-the removal of air from the chamber in prder to
achieve|rapid and even penetration of steam into theslead, a-PCD should be used in every production|cycle of
the sterilizer to establish the adequacy of air removal and steam penetration. The PCD should be pfoven to
have a known relationship to the lead with regard te-air removal and steam penetration. This relationship
can be ¢stablished during process development where the sensitivity of the PCD towards process|failures
can be pstablished and confirmed during\validation, e.g. how the PCD responds when a chambef leak is
present|sufficient to causea’process failure. Thet'e are no international standards describing the degign and
requirements for PCDs.eniployed to ‘establish adequacy of air removal and steam penetration in a sterilizer
in which a load is beingprocessed.

A.12.5Recalibration

A specffication for theé<interval between recalibration of each measuring chain should consider the
recomnjenaations given'in.the user instructions or the service manual. The intervals should be refuced if
thereislunscheduled equipment maintenance or evidence of inaccuracy.

A42.6 Equipment maintenance

A 12 6 Qe ool +tha ctayilig s clh a1 d o Ao+ anfives th ot +b ot o 1l ok o 1o ol 1 o d
L] - ul ICl1 lU\/ll\,Cllly, CITU OSOLUT IITZCT SITUUIU UCU CAAIITITICU LU LUIITITIIT LIIAdl LIIC 1110 UdlIIdlIvIT IO ST Iir daco Jr ance

with the specification and that there is no evidence of malfunction. Checks and tests should also be carried
out to demonstrate that the equipment remains safe (see IEC 61010-2-040) and that the services are
satisfactory. It is essential to have an effective change control process which documents any changes made
to equipment or process and the requalification carried out to ensure process effectiveness.

A.12.6.2 An equipment maintenance scheme should be developed from the schedules provided for the
sterilizer, instrument(s) and associated equipment, from the routine tasks and tests carried out in the plant
and as a result of experience. A set of procedures should be developed for each sterilizer containing full
instructions for each equipment maintenance task. The equipment maintenance scheme and frequency with
which each task is performed should be based on the recommendations given for the sterilizer, its usage and
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safety considerations. National directives concerning periodic inspection and tests in order to comply with
pressure equipment regulations should also be included in the scheme.

A.12.6.3 Safety and functional checks should be done after each equipment maintenance sequence is
completed in order to evaluate the effect, if any, on the process.

A.12.7 Requalification

A.12.7.1 Requalification is performed to confirm that process changes have not .cdmpromised the
effectlveness of the sterlllzatlon process and that the data acqulred during validation remains valid. To
guard fication
should be determined from the type of sterlhzatlon process data obtalned through periodic testshahd from
data that verifies that established process parameters are routinely reproduced.Typically, requalifi¢ation is
perfornjed annually. The following should be reviewed and evaluated to confiri the continued valid|state of
the I1Q, 0Q and PQ:

a) non-scheduled maintenance including calibration;

b) devliations on the sterilizer or with the process;

ges to the sterilizer, supplies or product including load ¢onfiguration:

A.12.7.2 Theoutcome ofthe review, including any need forrequalification,should be documented taKing into
accounti manufacturers’ instructions. This can includé an'assessment of the rieed to reconfirm achi¢vement
of the specified SAL, if necessary, through microbioipgical studies! The extent to which requalifidation is
carried|out should be justified by the designated.responsible:pérson-based on the result of annual review
and the|assessment of the change. The outcome of this review)including the rationale for decisions eached,
should lpe documented.

A.12.7.3 The extent of requalification\will depend on the reasons for the inconsistency in performance; if
a compdonent is changed, or the control system is.odified, it could only be necessary to show repeatability
of the qualified sterilization cycle/li, in the casé)of.a-wrapped goods and porous load process, the fause is
shown to be a leak into the chamber, it might.only be necessary to repeat a leak test on the chamber gnd then
carry ouit a steam penetration test.

A.12.7.4 Performance requalificatioh might also need to be performed after a change of product, product
SBS or Ipading pattern, or when the)datafor the load are not within specified limits.

If biclogical indicaters.are’ used during requalification, their performance should be compared
to thos¢ used during previous validations. Use of biological indicators which have a significantly different
il population ©n P value can result in a challenge which is greater or less than that used during
validatipn. If a bidlogical indicator is used during requalification which has significantly different
charactpristics, theh this should be justified and documented. ISO 11138-3 identifies minimum requirements
for pop latlon eount and D Value but does not specify maxima, however the information accompanying the

A.12.7.6 Any change that raises doubt about the effectiveness of the sterilization process should initiate a
review.

A.12.7.7 To facilitate comparison of PQ and performance requalification data, it can be helpful for the same
report format to be used.

A.12.7.8 Some common changes, which can cause a change in performance and therefore require some
testing in order to establish performance, can include but are not limited to:

a) new pressure and or temperature sensor;
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b) new chamber door seal requiring a chamber leak rate test;

¢) new controller circuit or PLC;

d) adjustment of steam supply pressure;

e) new steam boiler/boiler maintenance;

f) new SBS supplier;

g) adoption of rigid sterilization containers where flexible sterile barrier material was used previously;

h) adoption of a new instrument with complex design features.

A.12.7.9 Some elements of 1Q can be necessary to be performed during requalification when/there are
changeq to an existing sterilizer which can affect the sterilization process effectiveness, e.g. changing a door
seal, stdam supply modifications, vacuum pump replacement or refurbishment:
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Annex B
(informative)

Establishment and evaluation of a sterilization process primarily

based on microbiological inactivation

B.1 Geeneral

When t
three m
biologid
B.4),do
a decisi
in Figur
(Boxes
key que
bioburd

Key

e B.1 direct the method selection to either a conservative/process using\reference microor

en-based method (Box 7) would be most appropriate,

& ]

selection of microbiological qualification method

he product SAL of the moist heat sterilization process is based on micrebial inactivation there are
ethods that can be used. The first two methods, bioburden-based (seeB.Z) and combined bioburden/
al indicator (see B.3), are based on a knowledge of the product bioburden and the\third, overkill (see
es not take bioburden into consideration but is considered a consérvative approaéh. Figure B.[l shows
bn tree that can be used to assist in determining which method is appropriate! The questions posed

Panisms

P and 3) or methods that use product bioburden (Box 4). Eor these bioburden-related methods the
stion in Box 5 determines if the combined bioburden/biological indicator method (Box 6) or{a solely

S U1 A W N

can the product be adversely affected by the thermal conditions of the moist heat sterilization process or is

process optimization desired or required?

conservative process based on inactivation of reference microorganisms
overkill method (see B.4)

knowledge of product bioburden

is the least amount of product thermal exposure desired or required?
combined bioburden/ biological indicator method (see B.3)
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7 bioburden based method (see B.2)

@ Yes

Figure B.1 — Selection of method based on microbial inactivation

There chin be acceptable microbiological approaches other than those described in this Annex (see Ké
[68] forl an example in which a bioburden / overkill approach is used). Aspects-of the micfobi
approadhes taken can be influenced by national or regional regulatory requirenients or standards.

B.2 Process definition based on inactivation of the microbial population in its
naturdl state (bioburden-based method)

Guidange and discussion on this method are given in the literature, e.g. Reférences [52],[59],[61] and

The mdthod requires knowledge of the resistance .and populatien “of the naturally occurring
bioburden and potential manufacturing environmental contaminants. Bioburdens represent
production should be determined in accordance with ISO 117371 anid reutinely evaluated for resis
the sterflization process. A thermophilic microorganism screening procedure should be used exposir
the liqulid product or an extract of the produict, e.g. in buffered surfactant solution, or other eluant
remove|microorganisms from the surface of representative\product samples to heating at 80 °C t¢
for 10 min to 15 min (see References.[59, 64]). After exposure the liquid product or extract of the
are testled for surviving microorganisms, followed by identification of any isolates. In general, a D
<0,5 mih can be assumed for bioburden (see References.[61, 62]), therefore the thermophilic microo
screenipg will confirm that the Dwvalue does not-éxceed this value.

[solates|are generally characterized and.identified to the genus or species level.

ference
ological

[62].

product
htive of
fance to
g either
used to

100 °C
product
value of
rganism

In the ¢valuation of hatural produet bioburden, it is important to consider the potential contrilpution/s

made by all steps. of the manufaetliring process, and to document this in a risk assessment. An ¢
would be evaluafion/consideration of'water used in the manufacturing process. While most
water systems do not contaimthe nutrients required for growth of thermophilic and or hyperthert
microoyganisms (e.g. Geobacillus stearothermophilus), consideration of the makeup of final produc
potentifal environmental-isolates should be considered. If the product or eluant supports microbial
a maxiipum-hold time of bath test samples and product prior to testing and or sterilization sh
established considering other product requirements (e.g. endotoxin, pH, chemical makeup.).

The bioburdemapproach is often used where delivery of thermal stress to the product needs to be mi
or when process optimization is desired. This can include alternate process temperatures (e.g. 1

bxample
purified
hophilic
f and or
growth
ould be

himized
bwer or

higher than the standard 121,1 °C moist heat process) with low process F-values (110 °C). Where

roducts

are degraded from longer periods of thermal Stress, a process of High Temperature short Time (HIST) using

near square wave temperature conditions might be less detrimental.

B.2.2 Use of a bioburden-based method.

Use of a bioburden-based method for process definition requires that product bioburden levels are relatively
consistent over time. Implementation of an ongoing bioburden monitoring program is required to use this

method (see ISO 11737-1).

Product selected for studies on process definition should be representative of routine production.

Alternatively, isolates obtained from heat resistance screening of bioburden and or environmental
can be cultivated and used to inoculate a defined population onto representative product samples.
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B.2.3 Procedure to establish the sterilization process

B.2.3.1 If thermophilic microorganisms are recovered in the thermophilic microorganism screening
procedure, product should be exposed to the sterilizing agent in predetermined increment(s) of the
anticipated sterilization process to establish the lethal rate of inactivation and D value of organism(s)
present. However, if microorganisms of low resistance are present it might not be possible to establish an
accurate D value in either a production sterilizer or a resistometer vessel.

B.2.3.2 The required accuracy and precision of increments should be established, and the delivery of the
sterilizing agent should be controlled and monitored to meet defined limits. It is important to consider the
impact of initial heating / conditioning, dwell and cooling stages of the process on delivered lethality. The
variatidn of these process stages should be defined and considered when establishing the exposurie. fime.

B.2.3.3| Following exposure to the sterilizing agent, the product, selected from locations in the load
most difficult to achieve sterilizing conditions, should be subjected individually to tests)of sterility (see
ISO 117B7-2) and or enumeration.

B.2.3.4| The extent of thermal exposure, considering all stages of the process;to'the sterilizing agent,
should be used to define the sterilization process along with either a knowledge.of the relationship hetween
the proportion of product exhibiting no growth in tests of sterility or the)reduction in the nunpbers of
thermophilic microorganisms present (see ISO 11138-7).

B.2.3.5| Based on the known population and organisinspresent, thelevel of treatment identified tojprovide
no groyth in representative or inoculated products samples is‘earried out in triplicate to demgnstrate
reprodycibility.

B.2.4 [Follow up

The continued appropriateness of the sterilization process.is confirmed at defined intervals using product
represeptative of routine productioi (see Clause 12}

The method requires on-going monitoring of and control over the bioburden. It is common practice to conduct
bioburden tests on each lot.and-or batch présented for sterilization. Bioburden is a critical charactdristic of
the defined process and bioburden testing is conducted to demonstrate bioburden is within defingd limits
prior to[product release.

B.3 Process-definition based-an inactivation of a reference microorganism and
knowledge of bioburden on product items to be sterilized (combined bioburden/
biologlical indicator=basé¢d method)

[52],[59],[62] ‘and[63].

The us 21 ;5-min) can
reduce the amount of bioburden characterization that is needed (see Reference [59]). For example, it
might only be necessary to perform the thermophile screening procedure (see B.2.1) without further
characterization or identification of the isolates; or identification of the isolates can be performed to show
that the microorganisms are not more resistant to moist heat sterilization compared with selected biological
indicator based on the literature.

Examples of microorganisms that demonstrate resistance to moist heat and which are suitable for use in
this approach are Geobacillus stearothermophilus, Bacillus coagulans, Clostridium sporogenes, and Bacillus
atrophaeus.
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B.3.2 Procedure
B.3.2.1 The location within the product at which sterility is most difficult to achieve should be established.

B.3.2.1.1 Place the biological indicator into the most difficult to sterilize location/s of the product. If the
location of the microbiological challenge is other than the location within the product at which sterility is
most difficult to achieve, its relationship to the most difficult location should be established. PCDs can be
used for test cycle monitoring if their relationship to the location within the product at which sterility is
most difficult to achieve and/or load locations are known and provides an equivalent or greater challenge to
sterilization.

B.3.2.1{2 The biological indicators/PCDs should be packaged in a manner that represents the packaging
to be uped for routine moist heat sterilization processing. If the validation packaging différs“frpm that
which will be used for routine sterilization, its relationship to the routine packaging should be-documented.
Validatipn packaging that differs from the routine sterilization packaging should represent’an equivialent or
greater|challenge when compared to routine sterilization packaging.

B.3.2.1{3 The packaged, biological indicators/PCDs should be piaced into the‘most difficult-to-sterilize
locationls of the load. The validation load should be configured i a manner\to.represent an eqpivalent
or greafer challenge than the routine sterilizer loading. Depending on tHe )contents of the load pnd the
cycle sdt points, this can be a fully loaded chamber or another load configuration. If the placement of the
biologidal indicator/PCD is such that it differs from the most difficult-to-sterilize locations within the load,
its relatiionship to the most difficult-to-sterilize locations within thé/load should be established and should
represept an equivalent or greater challenge to sterilization.

B.3.2.2| From a knowledge of the resistance.and populatién.of the.naturally occurring product bigburden
(see B.4.1 for information on thermophilic.microorganisiy screening) and the resistance of the r¢ference
microoiganisms, the extent of treatment required to achieve the specified requirements for sterility should
be determined. The method requires on-going periodicinienitoring of and control over the bioburflen; see
[SO 117B7-1.

B.3.2.3| A challenge to the.sterilization precess comprising a known number of microorganisms with
known fesistance to the sterilizing agent'should-be created by either:

a) plaging biological.indicators within .the product at position(s) or representative of position$ where
stefilizing conditiens are most\difficult to achieve; or

b) inogulating the product~withreference microorganisms at position(s) within the product{ where
sterilizing conditions dre most difficult to achieve.

NOTE 1 |~ Aninoculated product can be a biological indicator (see [SO 11138-1).

NOTE 2| Direct inoculation'with a spore suspension onto a product surface can result in variable resistanfce of the
inoculatpd productbecause of surface phenomena, other environmental factors, and the occlusion of the spofes on or
in-the prioduct:-See References [50], [76] and ISO 11737-1 for additional information.

B.3.2.4 T‘aa challanaga chanld ha naclbaagnad tha cama ¢ rn!!fing]Iy nroducad nroaduct and

<
e ot g T oo IO ot patio g CO ot T oo it oo T oottty progatt o proaacroo ot

within the load in the location where it is most difficult to achieve sterilizing conditions.

ld-be-included

B.3.2.5 The load should be exposed to the sterilizing agent under conditions selected to deliver less
lethality than is delivered during routine sterilization, so that not all reference microorganisms will be
inactivated.

B.3.2.6 The level of treatment identified should be carried out in triplicate to demonstrate reproducibility.

B.3.2.7 The number of microorganisms surviving should either be determined by direct enumeration or
estimated by the most probable number technique (see ISO 11138-1).
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The rate of inactivation of the reference microorganisms should be calculated.

Quantity of biological indicators

The minimum recommended number of biological indicators can be based on product load volume and is as

follows:

a) For product load volumes of up to 10 m3, use three biological indicators per m3 of product volume, with

am

inimum of 5 Bls.

b) For product load volumes above 10 m3, use one additional biological indicator per additional m3 beyond
10 m3.

For son

e sterilization processes, the above recommendations might not be apprepriate. A ratiohals

be documented for the number of biological indicators used.

B.3.4

B.3.4.1
This ex3

With a 1

Examples

Example 1 — Direct enumeration
imple assumes a bioburden D;,; value of 0,5 min.

D,1 value of 0,5 min, first calculate the F value required for the process:

Fvalue = 0,5 min x (log N, - log N)

where
N,
N

is the bioburden action level (100-Coleny Formingdinits, CFU);

is the selected SAL for the préduct (in this caSe, 10:9).

Fvdlue = 0,5 min x (log 100 - log 10-) = 4,0 /min

To dete
the log 1

F v

eduction (Lg) for{leg N, - log N):

Hlue = 1,0 min'xLy

if solving for Lg¢

Ly
F value
LR =

FFor this

Fvalue / 1,0 min
= 4,0 min
4,0 min&/ 1,0 min = 4,0 logs

example, the reference microorganism population is 1,0 x 106 CFU (N,) and a holding time
eresults shown in Table B.1.

b should

'mine the required-leg reduction-forthereference microorganism with a D;,; of 1,0 min, supstitute

bf 5 min

gives th|

Table B.1 — 5-min exposure example results

Biological indicator ID Count (CFU)
23
22
24
19
17

G W N =
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NOTE The numbers shown in Table B.1 are theoretical examples. The variability in real test data can be higher.
Using the highest result of 24 CFU, the Ly for the process can be determined.
Lg=1og N, -log N =log (1 x 10°) - log 24 = 6 - 1,4 = 4,6 logs

Since 4,6 logs is greater than the required 4,0 logs, the process demonstrates the product SAL will be
achieved as shown below. This study would be completed two more times to demonstrate reproducibility.

To determine the SAL the following calculation can be performed:

SaL= 10[10g(N0) - LR]

where
Dvplue  =Fvalue /Ly and Ly = F value/D value therefore for the abové example:
Ny =100
Ly =4,6 min /0,5 min =9,2
SaL =10(29.2) = 1072

B.3.4.2| Example 2 — Fraction negative
This exgmple assumes a bioburden D,,; value of 0,8 min.
With a P, value of 0,8 min, first calculate the F value requiréd\for the process:

Fvalue = 0,8 min x (log N, - log N)

where

N, | is the bioburden action level (5 000 CFU);
N | is the defined SALfor the product\(inthis case, 10-).
Fvalue = 0,8 min x(leg 5 000 -18g 106} = 7,8 min
To determine thie required logreduction for the biological indicator with a D;,; of 2,0 min substitut¢ the log
reductign (Lg) for (log Ny <leg'N):
Fvjlue= 2,0 min XLy
if splving for Lp:
Ly 3 Fvalue/ 2,0 min

F value 7,8 min

Lg =78 min /2,0 min = 3,9 logs

For this example, the biological indicator population is 6,2 x 105 CFU (N,) and a sterilization holding time of
10 min gives the results shown in Table B.2.
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Table B.2 — 10-min exposure example results

Biological indicator ID Growth
No
Yes
No
Yes
Yes
Yes

N |UT D W[ =

Using tt

T~
=
]

where

n
r

Since 5

Hlog N, - log (Lnr/n) =log (6,2 x 105) - log (Ln 6/2) = 5,79 - 0,04 = 5,75 logs

TTESUtof 2 Tregatives out of thre 6 tested; the £y for the process tarr be deternTined:

is the total number of biological indicator replicates, in this ¢ase, 6;
is the number of replicates showing no growth, in this ¢ase we are assuming 2.

75 logs is greater than the required 3,9 logs the process demenstrates the product SAL

will be

achievefl as shown below. This study would be completed two more timés f0 demonstrate reproducipility.

To determine the SAL the following calculation can be performed.

SaLE 10[10g(N0) -LR]
where
Dvplue  =Fvalue /LR and LR =F value/D value.therefore for the above example:
N, =5000
Ly = 11,5 min/0,8 min = 14375
SAL = 10(3:7:14,375) = 1(-10}%
B.3.5 [Follow up
The continued.appropriateneéss of.the sterilization process is confirmed at defined intervals by rep

single gualification cycle(see12.4).

The me
routine
charact
defined

hod requiresrongoing monitoring of and control over the bioburden using product represen
production: It is common practice to conduct bioburden testing periodically. Bioburden is 4
bristic of the defined process and bioburden testing is conducted to demonstrate bioburden i
limits.

pating a

ative of
critical
5 within

B.4 Conservative process definition based on inactivation of reference
microorganisms (overkill method)

B.4.1

General

B.4.1.1 This subclause describes the overkill method which is based on the inactivation of reference
microorganisms. The overkill approach is often selected for items that are heat-stable due to its simplicity,
robustness, and ease of validation relative to other approaches. It is also the typical method to sterilize re-
usable items. Qualifying a sterilization process for such products requires an approach different from that
often used for new and unused product, because the challenge to the sterilization process is difficult to
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define and pre-sterilization treatments (e.g. cleaning) can be difficult to validate and control. A sterilization
process in this situation is usually conservative and designed to deliver a treatment exceeding that required

to achie

ve the specified requirements for sterility.

When using the overkill approach, product bioburden monitoring is recommended. It should be noted
that health care facilities and industrial settings have different approaches to monitoring and controlling
bioburden.

B.4.1.2 One example of a microorganism that demonstrates resistance to moist heat and wihich is suitable
for use in this approach are spores of G. stearothermophilus. The microorganisms . Bacillus coagulans,
Clostridium sporogenes, and Bacillus atrophaeus can be used as well if the resistance puoperties have been

demons

B.4.1.3

+ " 1 L 1CO- 444230 2
LIAdLEU (SCC IOV 11100707,

The overkill method is based on a cycle designed to provide greater than or equal’to

h 12-log

reducti¢gn of a microorganism population, on or in a product with an assumed D;,; value-of 1 npin. The

overkill

approach requires:

a) ach
b) ach

NOTE 1

populati
during a|
Ny-logN{

NOTE 2
was bas

evement of a maximal SAL of 10-6 after sterilization;
evement of an Fgjo; 0cicar, Of at least 12 min using an appropriate biological indicator.

The Bl microbiological challenge is calculated as the praduct of the logarithm to'the base ten of t
pn of microorganisms and the D value (=log Ny x Dy, valuej. Fgio1.0c1caL Value déscribes the achieved

).

The rationale for using a D,; of 1,0 min @s a worst-case ‘assumption for naturally occurring b
bd on a review of experimental laboratory data and reasonable judgement for naturally occurring m

spores il a medical device plant operating under good manufacturing practice (see References [59] and [63])

B.4.1.4
biologid

By adjusting the population of the biological.indicator in relation to the D;,; valug
al indicator, an appropriate partial cycle BLmicrobiological challenge or an appropriate full

microbi

logical challenge can be ¢btained, as is qutlinied.in the following examples with D;,; values

more reflective of actual resistances available from eommercially sourced biological indicators:

— Parttial cycle approach bielogical indicator! Assuming a biological indicator with a D;,; value of

usi
kill

— Ful

g a population 0f 1,0 x 10# CFU then the Bl microbiological challenge will be 6 min and if c
is obtained ittwill result in an'¥g;o1961car, Of 6 min.

Bl microbiological challenge.=1,5 min x log;((1,0 x 104 CFU) = 6 min
Fgidiocicar = 1,5 tnx (lag;,(1,0 x10% CFU) - log,, (1,0 x 10° CFU*)) = 6 min
*Assumes oné.(1)survivor for purposes of the calculation

cycle approach biological indicator: Assuming a biological indicator with a D;,; value of

using a biglegical indicator population of 1,0 x 10¢ CFU then the BI microbiological challenge

12

minand if complete kill is obtained it will result in an Fgjq; ogicar, ©f 12 min.

he initial
lethality

sterilization cycle based on the achieved inactivatiemofa biological ihdiCator (Fgio1.ocicar = D121 vValpe x (log

oburden
bsophilic

of the
cycle BI
that are

1,5 min,
bmplete

p,0 min,
will be

BFmicrobiological challenge = 2 0 min xlog..(1 0 x 106 CEFI) = 12 min
5 5 7 [oB§ VAR 7
FgioLocicaL = 2,0 min x (log;,(1,0 x 106 CFU) - log;, (1,0 x 100 CFU*)) = 12 min

*Assumes one (1) survivor for purposes of the calculation

B.4.1.5 When the BI microbiological challenge is known, the user can compare the challenge presented
by biological indicators with varying populations and resistances. An example of this is shown below;
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each biological indicator outlined in the example has the same BI microbiological challenge and would be
appropriate for use with the partial cycle approach:

— Dbiological indicator 1:
— Population = 1,0 x 104 CFU
D44 value = 1,5 min
— Bl microbiological challenge =1,5 min x log;((1,0 x 10%) = 6 min

— biological indicator 2:

— |Population = 1,0 x 105 CFU

— [Dq,1 value = 1,2 min

— | BI microbiological challenge = 1,2 min x log;,(1,0 x 10°) = 6 min
— biological indicator 3:

— | Population = 1,0 x 106 CFU

— | D47 value = 1,0 min

— | BI microbiological challenge = 1,0 min x log;,(1,0'x.10°) = 6 mjn

Guidange and discussion on the overkill method aregiven in [ISOI1138-7 and in literature, e.g. References
[52], [59] and [62].

B.4.2 |Procedure

B.4.2.1| The location within the productat which sterility.is considered the most difficult to achieve should
be determined. For the placement of bielogical indicators/PCDs, refer to B.3.2.1.1 through B.3.2.1.3.

B.4.2.2]| A challenge to the sterilization prodess should be created by either:

a) plag¢ing biological indicators within_the product at position(s) or representative of position$ where
stefilizing conditions are considered the most difficult to achieve; or

b) inogulating the product with/ reference microorganisms at position(s) within the product where
stefilizing conditions are-considered the most difficult to achieve.

NOTE 1| An.inoculated product.canbe considered a biological indicator (see ISO 11138-1).
NOTE 2| Direct inoctllation-with a spore suspension onto a product surface can result in variable resistanfce of the

inoculatpd product hecause of surface phenomena, other environmental factors, and the occlusion of the spotes on or
in the prjoduct. See References [51], [76] and ISO 11737-1 for additional information.

B.4.2.3| The'challenge should be packaged the same as routinely produced product and included wilthin the

load in thedocation where it is most difficult to achieve sterilizing conditions

B.4.3 Quantity of biological indicators
B.4.3.1 For the number of biological indicators to be used refer to B.3.3.

B.4.3.2 For validation of items intended to be processed in health care facilities, biological indicator
numbers of 5 to 12 biological indicators per load are often appropriate. biological indicator placement
should account for all potential challenge areas in the product regardless of biological indicator number
recommendations provided in B.3.3. For multi-device trays and complete device sets, biological indicator
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numbers exceeding the recommended biological indicator numbers can be necessary to provide adequate
microbiological challenge to the process.

B.4.4 Partial cycle approach

B.4.4.1

General

The load should be exposed to the sterilizing agent under conditions designed to deliver a reduced level of
treatment compared with the routine sterilization process. This can be half the holding time-or any fraction
of the holding time that will allow calculation of the log reduction of the process. There aré.two approaches:

a) Hal
tha

b) Cy
red
co

NOTE 1
for amo

NOTE 2
indicato
indicato

— alld
— the

— the
spe

B.4.4.2

If the in
as twicq

B.4.4.3

The exj]
of sury|
microot

B.4.4.4
B.4.4.4

B.4.4.4

or equal to 6 min resulting in no survivors.

e calculation approach: The routine holding time delivers minimally. a calculated |12 sj
ction (SLR) to a microorganism with a D;,; value of 1,0 min using a biological indica
orms with ISO 11138-3.

The calculated SLR is based on a D;,; value of 1 min not the minimum of 1,5 mimSpecified in ISO
st heat biological indicator.

It is recognized that the validation and monitoring of some sterilizdtion processes can use b
s that do not meet the minimum population and/or resistance criteria specified in ISO 11138. These b
s are acceptable provided that:

ther requirements of ISO 11138 (including the method of test for-poptlation and resistance) are met
product information includes a clear statemeint of the populationand resistance;

product label carries a clear warning thdt the population and/or resistance (as appropriate) is below {
Cified in the relevant part of ISO 11138.

Half-cycle approach

activation of the biological indicator is«¢onftiriiied, the exposure time can be defined conser
the exposure time in.the half cycle,

Cycle calculation approach

greater

ore log
for that

11138-3

iological
iological

he value

vatively

osure time. for the sterilization process is established by extrapolation to a predicted prgbability

ival of 406 or less. When-using this calculation, consider the number and resistancg
ganisins-on the biglogicaliridicator.

Partial cyclé approach qualification testing
1 The.sterilizer should be programmed to reflect a processing time that conforms with B.4

2~ Upon completion of the qualification cycle, the biological indicators/PCDs will be remov|

of the

ed from

the loac

and the hin]ngir‘:ﬂ indicators from the inoculated prnﬂnrt‘c or from the PCDs will he te

sted for

inactivation of the indicator organism.

B.4.4.4.3 As indicated in B.4.4.1 a), a successful qualification cycle should demonstrate that a 12 SLR or
greater for a biological indicator with a D;,; of 1,0 min will be achieved in the routine holding time, which is

verified

by inactivation of a sufficient number of biological indicators.

B.4.4.4.4 The qualification cycles should be carried out in triplicate to demonstrate reproducibility.
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B.4.5 Examples partial cycle approach

B.4.5.1 Example 3 — Half-cycle approach

This example assumes a routine production cycle with an exposure time of 40 min at a minimum of 121 °C.
Then a biological indicator conforming with B.4.4.1 a) that can be inactivated by 20 min at 121 °C would be
chosen.

For this example, the following biological indicator is chosen:

Diy1=1,6 minand Ny = 1,2 x 10°

To chedk if the biological indicator can demonstrate the Fgo.06icar, the Bl microbiological challenge is
calculated as follows:

Bl rhicrobiological challenge = D;,; x log Ny = 1,6 x log (1,2 x 106) = 9,7 min
The biological indicator in this example can demonstrate an Fgjg; ogicar, Z @ min in the half cycle.

All the piological indicators are inactivated by the reduced cycle aind when done-in triplicate it i proven
that thg full cycle of 40 min has a SAL of 10-¢ or less and that ‘a_log reduction of greater than |2 for a
microofganism with a D;,4 value of 1 min is achieved by the full cycle.

For the[full cycle, the log reduction of microorganisms with a D;,; value’ 6f 1 min can be calculated by
extrapdlation from the half cycle. The half cycle has prgven an Fgo) odoar §redter than or equal to P,7 min.
Then the Fpiorogicar Of the full cycle is at least twice that of the half cyele, i.e. 19,4 min which equgtes to a
SLR of 19,4.

It can also be concluded that the SAL of the full cycle is 10-13%or less. It is calculated as follows:

SAL full cycle = 10(6-SLR) = 10(6-194) = 10-134

For thig formula SLR is understood as the log reduction‘of a microorganism with a D;,; value of 1 in and
the valye 6 comes from the understanding, that the starting population of the product bioburden is ot more
than 10p microorganisms with a'l)j3; value of 1{mnifi;

B.4.5.2| Example 4 — Cycle-calculatign approach

This example assumes a routine preduction cycle with an exposure time of 15 min at minimum 121 {C. Then
a biologjical indicator conforming(with B4 4.1 b) is used.

For this|example, the followifig biological indicator is chosen:
Di,q = 1| 8inin and Ny = &:3'x 106

A holditig time of 7 min is‘used. The number of biological indicators with growth are 4, 3, and 5 fr¢m each
of the gpalification(runs; a total of 10 per run is tested. To determine the minimum log reduction, the cycle
withith¢ most-growth (5 positives) is used.

To calcylate'the log reduction the following is used:

Log reduction = log N, - log (In (Number Tested/Number Sterile)) = log (1,3 x 106) - log (In (10/5)) = 6,11 -
(-0,16) = 6,27

Then, the log reduction of the full cycle can be calculated as this:
Ly, fun cycie = (Partial Cycle Log Reduction x Full holding time)/Partial Cycle Time = (6,27 x 15)/ 7 = 13,4

Thus, the 15-min holding time for the full cycle is acceptable, i.e. log reduction is greater than 12. It can also
be concluded that the SAL of the full cycle is 1074 or less based on the following calculation:

SAL, full cycle = 10(6-5LR) = 10(6-134) = 10-74
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For this and the above equation, SLR is to be understood as the log reduction of a microorganism with a D5,
value of 1 min and the value 6 comes from the understanding, that the starting population of the product
bioburden is not more than 10® microorganisms with a D;,; value of 1 min.

B.4.6

Full cycle approach

B.4.6.1 The load should be exposed to the sterilizing agent under conditions designed to deliver a level of
treatment that will inactivate a biological indicator which conforms with ISO 11138-3 and which provides a
Bl microbiological challenge of at least 12 min.

based o

iplogical challenge of 12 min should be used. Table B.3 documents the minimuin populationyq

h the D, value.

tleasta
equired

Taple B.3 — Minimum population (N,) and Bl microbiological challenige based,onD,,, vaJue
D454 value (min) Minimum population to demeonstrate an QJ\T
FgioLogicar 2 12 min ©
(spores/biological indicator) ,\’\

1,5 1,0'x.108

1,6 3,2'x 107

1,7 1,1 x 107

1,8 4,6 x 100

19 2,1 %400

2,0 1,0, 106

2,1 5,2 x105

2,2 2,8 x 105

2,3 1,6 x 10°

2,4 1,0 x 105
When a}piological indicator with a D;,, value'6f 2,4min and the minimum population of 1,0 x10°> is corppletely
killed after the full cycle, a12;0 SLR results'whien related to a D;,; value of 1.
The effgctive/actual SLR-with the above-meritioned cycle and biological indicators is: SLR = 5,0 x 2,4 =12,0.
This reqults in a SALrbased on 8 D121 value of 1 as shown below and this is equivalent to specified SAL of
10-6:
SAL, full qycle T 10(6-SLR) = 0f6-120) =10-6
B.4.6.3| Variations-in the.delivered lethality can occur within the chamber. Similarly, variations ¢ccur in
the.chalacteristics 'of the biological indicator. These variations can result in a positive biological imdicator
and thefefore should be considered in the determination of the full cycle. If F, is to be used as part of the
criteriaffor'product release, its relationship to the Fgjo; 0¢icar Value should be established.
EXAMPLE This relationship can be established In process definition or during PQ. There are several ways

this relationship can be established; this is one example that assumes biological indicators with the following
characteristics:

— Blp

opulation (N,) = 1,0 x 106 CFU/BI

— BIDy,; Value = 2,0 min

— Bl z-value=10°C

— Bl microbiological challenge = D, x log;((N,) = 2,0 min x log;((1,0 x 106) = 12 min
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A cycle is planned to demonstrate complete biological indicator inactivation using the ending population
from the Kkill time description outlined in ISO 11138-1:2017, E.3.5 (i.e. N = 1,0 x 10-4 CFU). To determine the
FpioLocical for exposure, the following formula is used:

— FpioLogicaL = D121 value x (logyo Ny - logyg Ny)

— FpioLogicaL = 2,0 min x [6 - (-4]]

— FgioLocicar = 2,0 min x 10

— Fporocicar = 20 min

Perform

this tes
establis
value of

See alsd

B.4.6.4
exposul
treatmsg
confirm

B.4.6.5

B.4.6.5
indicatd
B.3.2.1.

B.4.6.5
and ten]

B.4.6.5
the load

B.4.6.5
challeng

B.4.6.5
cycles s
deliver4

B4.7
This ex

ingacuclewith a 20-minexnosureshould have no surviving hioglagicalindicataors When ner
=] o4 i 5 =] T

Ling, the z value of the biological indicators needs to be considered when the relationship
hed (refer to ISO 11138-7:2019, 7.2.4). F,, values assume a reference temperature of 124;1°Q
10 °C.

[SO 11138-7 and Reference [61] for more information.

e time to confirm that there are no survivors. If the results of the test'establish that this
nt is acceptable, then two further repeats should be/done to demenstrate reproducibility
the defined treatment to be delivered by the sterilization process¢

Full cycle approach qualification testing

1 A BI microbiological challenge should’'be selected “thHat“conforms with B.4.6.2. A bi
r is an appropriate Bl microbiological challenge andsshould he placed as defined in B.3.2.1.1
B.

2 The sterilizer should be programmed to-expose-the load to the target F,, value or select
perature combination.

3 Upon completion of'the qualification.cycle, the biological indicators/PCDs will be remov
and tested for inactivation of the indicator.organism.

4 A successful qualification ‘cycle'will demonstrate complete inactivation of the microbi
be from all'biological indicators/PCDs placed into the qualification load.

5 «Complete Bl mierpbiological challenge inactivation from three separate, consecutive qual
hould be obtainéd)to demonstrate reproducibility and to confirm the defined moist heat tr
d'by‘the routihe’sterilization process.

Example 6 — Full cycle approach

hmple assumes a routine production cycle with a holding time of 30 min at minimum 1’

orming
to Fy is
and a z

The load should be exposed to the sterilizing agent for.the target Fy(ertiie selected fyll cycle

level of
and to

ological

through

ed time

ed from

ological

fication
batment

1 °C. A

biologid

alindicator conforming with B.4.6.2 that can be inactivated by 30 min at 121 °C can be chos¢

For this

Diy1=2

example, the following biological indicator is chosen:

,1 min and N, = 3,0 x 106

To check if the biological indicator can demonstrate the Fg;g;0qicar, the Bl microbiological challenge is
calculated as follows:

BI microbiological challenge = D;,; x log N, = 2,1 x log (3,0 x 10¢) = 13,6 min

The biological indicator can demonstrate an Fgo;0¢ican = 12 min.
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All the biological indicators are inactivated by the full cycle and when done in triplicate it is proven that the
full cycle of 30 min has a maximal SAL of 10-¢ and that a minimum 12-log reduction of a microorganism with
a Dy, value of 1 min is achieved with the full cycle.

The actual minimum log reduction of a microorganism with a D;,; value of 1 min that is shown by the full
cycle is the same as the Fgg; ocicaL i-€- 13,6 logs.

The SAL for the full cycle can be calculated as for the partial cycle:

SAL, full cycle = 10(6-SLR) = 10(6-13,6) = 10-7.6

B.4.8 Follow-up

The continued appropriateness of the sterilization process is confirmed at defined intervals bymepgating a
single gualification cycle (see 12.4).
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Annex C
(informative)

Establishment and evaluation of a sterilization process primarily

based on the measurement of physical parameters
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C.2 Hollow load test

C.2.1 Thisisatest for establishing the capability of the sterilization process to remove air and effect steam
penetration into a PCD containing a lumen. The challenge device is not meant to represent any particular
medical device but will present a challenge to air removal and steam penetration analogous to medical
devices having lumens. The test is based on a hollow load test piece described in ISO 11140-6. This test
complements the tests in which the standard test pack is specified (see C.3). It should be noted that medical
devices containing narrow channels can require a higher level of air removal leading to improved steam
penetration performance than that required in order to fulfil the hollow load test.

C.2.2 Theresult of the hollow load test is judged from exposure to a chemical indicator inserted into the
test piege.

C.3 Standard test pack

C.3.1 [The standard test pack is used for the small load test, the full load test, the Bowie and Dickf|test, air
detector tests, load dryness tests for textiles and can be used with.other materjals-te form a full Igad. The
standar{d test pack is a reusable item that can be used for testing anumber ofjtimes.if*the requirerhents in
C.3.3,C|3.6 and C.3.7 are met.

C.3.2 [The standard test pack should be composed of plain cotton shéets, each bleached to a gogd white
and having an approximate size of 900 mm x 1 200 mm. The numbet of threads per centimetre in the warp
should be (30 + 6) and the number of threads per centimetre it the/weft (27 £ 5). The weight sHould be
(185 + §) g/m? and the edges, other than selvages, should be hemiméd.

C.3.3 [The sheets should be washed when new or soiled arid should not be subjected to any fabric
conditigning agent during laundering. The sheets should:be dried and then allowed to equilibrate in an
environment of between 20 °C to 30 °Cand 40 % RH t0*60-% KH.

NOTE Fabric conditioning agents'can affect the characteristics of the fabric and can contain volatiles fhat will
contribute to the NCGs in the sterilizer.

C.3.4 [After equilibration the sheets should be folded to approximately 220 mm x 300 mm as illustjrated in
Figure (.1.

C.3.5 [The sheets should be stacked to a height of approximately 250 mm after moderate compression
by hangl. The: pack should ¢hen be,wrapped in a similar fabric and secured with tape not exceeding
25 mm [in Width. For sterilizers unable to accommodate more than one sterilization module (rectangular
parallelepiped of dimersions.300 mm height, 600 mm length and 300 mm width) the height of the stack
shouldpe-approximately150.mm.

€C.2.6 [The total'weight of the standard test pack should be 7,0 kg + 0,14 kg (approximately 30 shepts) and
for the gmall'pack 4,0 kg + 0,16 kg (approximately 17 sheets).

After ude, the sheets will hecome compressed. When the weight of sheets used to form a stack 250 hm high
exceeds 7,14 kg, the sheets should be discarded. Similarly, for the smaller pack, when the weight of the sheets
used to form a stack 150 mm high exceeds 4,16 kg the sheets should also be discarded.

C.3.7 Immediately before use, the temperature and humidity at the centre of the test pack should be
between 20 °C and 30 °C and 40 % RH to 60 % RH. After use the pack should be removed from the sterilizer
and aired in a similar environment.

C.3.8 Test packs comprising different materials and of different sizes and weights can be used provided
equivalence with the requirements for the test in which the standard test pack is used is demonstrated (see
[SO 11140-4).
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Dimensions in millimetres
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~600 =300 =300

Key
1 lajer unfolded

2 layers falded once
4 layersfolded twice
8 layersfolded thrice

o o o o

16lpyers folded\four times

Figure C.1 — Folding each sheet

C.4 Thermometric tests

C.4.1 Small load thermometric test

C.4.1.1 This is a test for steam penetration into a standard test pack (see C.3). This test pack is used to
identify a level of air removal or reduction in the level of NCGs in the steam within the chamber sufficient
to qualify the sterilization process for a wide range of cannula, metal and textile products. For this test a
number of temperature sensors (typically 5 sensors) are located at different levels within the standard test
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pack around the vertical axis. EN 285:2015+A1:2021, Figure 6 provides an illustration of the temperature

sensor |

C.4.1.2

ocations.

Acceptance criteria for the test are as follows.

a) All measurements should fall within the sterilization temperature band which should have a lower limit
defined by the sterilization temperature and an upper limit of +3 °C.

b) The equilibration time should not exceed 15 s for chambers up to 800 I usable space and*30:s for larger
mbers.

cha
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NOTE

C4.2

C.4.2.1.
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sterilizg

penetration of steam irito the cenfreof aload occurs and the sterilizing condition is achieved.

C.4.2.1.
sheets 4
form a g

C.4.2.1.
identifig
located

ilization temperature band and not differ from each other by more than 2 °Cjsee 6.3 a)].

oughout the holding time the temperature measured at,the referencé measurement |
sterilizer should be not more than 2 °C higher than the'respective saturated Steam temp
ulated from the chamber pressure (maximum allowed level of superheating, see Annex E).

oughout the holding time the temperature measured at the reference measurement poin
ilizer should be approximately the same as and have a known-correlation to, the saturate

oth the temperature and pressure measurenents (see Annhex'E).
holding time should be not less than-that specified for’the sterilization stage of the cycle.

See Table A.2 for examples.

Full load thermometric iest

1 This is a test for steam penetratiohlinto'the maximum size of load intended to be processe
r and complements the small load.test:The textile test pack is located in the centre of a ful
The test load is-designed to represent thie maximum mass of textiles which can be processe
r and is used-to-demonstrate.that, at the levels at which cycle parameters are set, rapid a

2 The fuli'load of textilescamprises folded sheets and a standard test pack as described in
re:dried and conditioned as described in C.3.3, and then folded and laid one on top of the
tack with a mdssof (7,5+ 0,6) kg.

3 A standard test pack as described in C.3 is located within the chamber in a position pr
bd andoted in the instructions for use. In the absence of this information the test pack sh
withih the usable space and where possible approximately 100 mm above the geometric c

eed the
for the

t of the

mber, and any temperature measured at the same instant within the test pack should be wifhin the

point of
erature

t of the
H steam

perature calculated from the measured chamber pressureallowing for the measurement tolerances

d in the

load of
d in the
hd even

C.3. The
bther to

eviously
ould be
entre of

the basq

e of the chamber. The remainder of the usable space is then loaded with stacks of sheets as d¢

scribed

in C.4.2.1.2 each with the layers of fabric in baskets dimensionally similar to one sterilization module or
loosely wrapped in a textile sheet.

The mass of fabric in the test load should be equivalent to (7,5 * 0,6) kg per sterilization module.

C.4.2.1.4 The standard test pack is equipped with thermometric monitoring sensors as described in C.4.1.1
and then an operating cycle is carried out and temperature and pressure data monitored and recorded.

C.4.2.2 Acceptance criteria for the full load test are the same as for the small load test, except that the
temperature measurement above the test pack is omitted.
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C.5 Bowie and Dick test

C.5.1 This test is a steam penetration test, similar to the small load test and intended for daily use. This
test is also used to identify a level of air removal or reduction in the level of NCGs in the steam within the
chamber sufficient to qualify the sterilization process for a wide range of cannula, metal and textile products.
A chemical indicator meeting the requirements of ISO 11140-3 is placed in the centre of a standard test pack
and a pass is identified from a uniform colour change to the indicator.

NOTE For the original work on which the Bowie and Dick test is based, see Reference [44].

C.5.2 The standard test pack described in C.3 offers a challenge to the sterilization process nominally
the sanje as the challenge from the textile test pack described by Bowie.[#4] Indicaters conformihg with
ISO 111#0-4 can be used as an alternative to the standard test pack for conducting the' Bowie and Didk steam
penetration test.

NOTE The rate of steam admission to the chamber during pressurisation to the sterilizatigh-stage can have an
influencg on the measured thermometric values or the visible change taking place in the chemical indicator] Thus, if
the rate pf pressurisation is slow then any residual air pocket can be heated-close to steam-t€mperature leadjng to an
inaccurate determination of temperature difference between the drain and.the centre oftlre test pack. Similarly, any
residuallair present can be sufficiently heated and humidified during a slew rate of pressurisation to allow|a visible
change ih a chemical indicator placed within the test pack.

C.6 Ajir leakage flow rate test

The perfformance specification identified in C.2, C.4‘and C.5 are based on achieving a low level of residual air.
Air lealjage into the chamber will affect this level{Jn steam sterilizers)(see EN 285, EN 13060) leakpge into
the chamber should not cause the pressure torise by more than 0,13 kPa/min (1,3 mB/min) when mpasured
at a defined chamber pressure.

C.7 Alir detector tests (if fitted), small load, full ioad and function

C.7.1 [These tests are used t0 set the air detector to register a fault whenever residual air is sufficient to
cause affailure of the small load test (see C:4.1) and the full load test (see C.4.2).

C.7.2 [Theair detector should registera fault when, at the commencement of the equilibration time, residual
air cauges a difference’of more than 2 °C between the lowest temperature measured in the standprd test
pack (uged in the tests given in €.4.1 and C.4.2) and the temperature measured at the reference measyirement
point of| the chamber. For a_ chambeér too small to accommodate this test pack, a smaller version is uped (see
C.3).

C.7.3 * [In certain applications and settings (e.g. industrial settings) the performance of the air deteftor can
be basgd on the defined process parameters and the product or product family(ies) that the sterflization
process|is designed to process.

C.8 Lbad dryness — Small and full load with textiles, full load with metal |

These tests are used to verify that the design of the operating cycle, selection of the process parameters and
the moisture contained in the steam are such that the level of moisture remaining in the load at the end of a
sterilization process has not increased by more than 1 % for textiles and 0,2 % for metal. See EN 285 for the
test method.
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C.9 Dynamic pressure test

This test is used to verify that the maximum rate of pressure change in the chamber will not cause damage
to packaging. The average pressure change for any 3 s interval during the sterilization process should not
exceed 1 000 kPa/min (10 bar/min).

C.10 Steam quality tests

C.10.1 Non-condensable gas in the steam affects air dilution in the chamber. Water in the steam affects
reSIdual mOISture in the load Superheated steam can prevent or delay the formatlon of m015t heat on the

e e i ative of
sing the
Sit toxic

f steam

a) amaximum of 3,5 ml of gas collected from 100 ml of condensed-steam;

b) amlinimum dryness value of 0,95 (5 % moisture);
¢) amlaximum of 25 °C of superheat when expanded to atinospheric pressure;
d) contaminants (see ISO/TS 5111 and also EN 285 and EN 13060).

NOTE Contaminants which can be considered include butyare not-limited to iron, cadmium, lead, ghloride,
phogphate, ammonium, calcium, magnesium, nitrate sulphaté and silicate ions and bacterial endotpxins. In
addjtion, other physicochemical properties can also bévcdonsidered including pH, conductivity, applearance,
oxidisable substances, the residue on evaporation of a definedwvolume of condensate.

e) fludtuations in steam pressure not exceeding ¥10:% of the nominal gauge pressure measuref at the
inldt to the final pressure reduction valve.

C.11 Automatic control test

The autpmatic contral test comparesithe-performance of an operating cycle with its specification, normally
by visupl observation. The usertactivates an operating cycle and then observes each stage, nofing the
pressure and témperatures attained-at each of the cycle switching points. The observed values 4re then
compared withthe specified-valuésto ensure they remain within the defined tolerances for the cycle.[Modern
sterilizgrs-carry out thigitest automatically using a control and monitoring system (see ISO/ TS 22421:2021,
Annex B)

CA2

outside these 11m1ts can cause scaling and corrosion problems. The maximum temperature of water used
with a vacuum pump and for cooling is specified in standards (e.g. see EN 285 and EN 13060). However,
in some circumstances higher feed water temperatures can be used provided the effect on vacuum level
attainmentand pump efficiency and cooling is known and controlled and is part of the sterilizer specification.

C.13 Compressed air

The compressed air supply should be at a pressure of 600 kPa to 800 kPa (5 to 7 bar), free of liquid water,
filtered to 25 pum and free from oil droplets greater than 2 pm.
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C.14 Test programmes

The example shown in Table C.1 and Table C.2 includes the tests needed to verify the attainment of defined
process parameters for large and small steam sterilizers respectively and also to judge from the data
whether NCG present in the chamber during the plateau period is sufficient to prevent steam penetration
into medical devices used in health care.

Table C.1 — Example of a schedule of tests for validation and periodic testing for a large steam
sterilizer conforming to EN 285

Test Installation Operational Performance Periodic
qllolifinal’inn qllolificat‘nn qllqlif!'rofinn tes.ti_n,g_
Safety tests and checks xxb — — xb
Steam quality (C.10)
— Non-condensable x — xd
gases [C.10 a)]
— Dryness value x — xd
[C.10 b)]
— Superheat [C.10 ¢)] x — xd
— Contaminants? x — xd
[C.10 d)]
Thermometric tests (C.4)
— Small load (C.4.1) — XX — xC
P XX —_ xd
—  Full load (C.4.2)
Hollow load test (C.2) — x% — -
Bowie and Dick test (C.5) — x xx xx€
Air leakage flow rate (C.6) — xx — xxf
Air detector (if fitted) (C.7)
—  Small load — XX — xd
_ X X — xd
—  Fullload ¢
N\ X X JE— X
— Function
Load dryness tests (C.8)
Key
xx  Tests thatare suggésted.
x . Tests that may,beconsidered.
—- Tests that néed notbe performed.
2 Conformrance should be tested in accordance with acknowledged analytical methods.
b Specified for the sterilizer.
¢ ¢Atleast three-monthly.
d%~) At least annually.
e Atleastdaily.
f Atleast weekly.
g  Thisis aweekly test unless it is carried out automatically by the control and monitoring system.
h Required if exposure of specific load configuration to defined sterilizing conditions cannot be predicted
from OQ tests (see Annex G).
NOTE In some sterilizers, the air leakage flow rate test may be performed automatically more frequently or
as an automatic stage within the operating cycle and carried out on every cycle in which case a separate air
leakage flow rate test can be carried out less frequently.
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Table C.1 (continued)

Test Installation Operational Performance Periodic
qualification qualification qualification testing
— Small load textiles — x — —
—_— X J— —_
— Full load textiles . N . .
— Metal
Dynamic pressure — — — xb
test (C.9)
Automatic control test — X X8 xx8 xx8
(C11)
Product test — — xh xd

Key

xx  Tests that are suggested.

x  Tests that may be considered.

—  Tests that need not be performed.

2 Conformance should be tested in accordance with acknowledgedaiialytical methads.
b Specified for the sterilizer.

¢ Atleastthree-monthly.

d  Atleastannually.

e Atleastdaily.

f Atleast weekly.
2 Thisis aweekly test unless it is carried out automatically by tle control and monitoring system.

h Required if exposure of specific load configuration 8. defined-sterilizing conditions cannot be predicted
from OQ tests (see Annex G).

NOTE In some sterilizers, the airleakage flow rate.te'st. may be performed automatically more frequently or
as an automatic stage within the operating cycle and carried out on every cycle in which case a separate airj
leakage flow rate test can be/carried out less frequently.
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Table C.2 — Example of a schedule of tests for validation and periodic testing for a small steam
sterilizer conforming to EN 13060

Test Installation qualifi- |Operational qual-| Performance | Periodic testing
cation ification qualification

Safety tests and checks xx f — — x f

Steam quality 2 (external sup-

ply)

— Non-condensable gases x — — x f

X — x f

— Contaminants

Thermojmetric tests @

— Sol|d load — xx b1 —{ N B
— x b,i N x C

— Porjous load

Hollow Joad tests @

— Nafrow lumen — XX XX X8
— xx b,i,j s _

— Sinjple hollow item

Air leakhge flow rate x b % o9 xx B

Air detgctor (if fitted)

— Lo4d — XX /- x f
I X X J— X hi

— Function

Load dryness tests @

— Solld load — XX € — x C
. xx £ — x €

— Porjous load

Dynamil pressure test — — — —

Key
xx Test§ that are suggested to be carried-out before PQ.

x  Testd that may be considered.

— Testq that need not be performed.

a2 Accprding to the specification provide@dfor the sterilization cycle such as load, wrapping.
b Valif results from works test may be uséd.

¢ Incpmbination'with requalifieation.

d  Requiredifexposure of specific load configuration to defined sterilizing conditions cannot be predicted from 0Q fests (see
Annex GJ.

¢ May be performed as producttest.

f ~FEreduency as specified for the sterilizer.
5 ) ‘Atlg¢ast dailys

o Atlgastweekly.

i Whdre specified, the theoretical temperature may be used (see Annex E) as reference

j Not if narrow lumen.
k  This can be a weekly test unless it is carried out automatically by the control and monitoring system.
1 May be considered as a demonstration of basic functionality.

NOTE Details on tests are provided with reference to EN 13060.
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Table C.2 (continued)

Test Installation qualifi- |Operational qual-| Performance | Periodic testing
cation ification qualification
Automatic control test — xk.1 xk,1 xk,1
Product test? — — xd, i « i
Microbiological, thermometric
— Solid loads

— Narrow lumen

—  Sim plp hollow item

— Porous load

Key
xx Test$ that are suggested to be carried out before PQ.

x  Testd that may be considered.

— Testq that need not be performed.

a  Accprding to the specification provided for the sterilization cycle such asload, wrapping.
b Valif results from works test may be used.

¢ In cpmbination with requalification.

d  Required if exposure of specific load configuration to defined sterilizing conditions cannot be predicted from 0Q fests (see
Annex GJ.

e Mayf be performed as product test.

f Freduency as specified for the sterilizer.

g Atlgastdaily.

h Atlgast weekly.

I Whdre specified, the theoretical temperature may be used’(See Annex E) as reference.

j Notlif narrow lumen.

k  Thi§ can be a weekly test unless itis carried out.automatically by the control and monitoring system.
1 Mayf be considered as a demonstration of basicfanctionality.

NOTE Ddtails on tests are provided with reference to.EN 13060.
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Annex D
(informative)

Examples of moist heat sterilization cycles

This Annex describes examples of typical operating cycles used in moist heat sterilization. Fig

conceptual and give examples only.

ures are

D.1 S

D.1.1
from fa
where t

D.1.2

hturated steam sterilization — Vented systems

This sterilization cycle is primarily intended for surface contact steamn sterilizatiof), as air
brics and cavities is uncertain. It is also used as a process for tlie sterilization of containe
he steam acts as a heating medium.

An example of a chamber temperature and pressure profile for a vented, steam sterilization

shown in Figure D.1.

D.1.3

a) Hed
disj
temn
unt

b) Plaf

The sterilization cycle consists of three major stages:

places air until the desired conditions are met; this isnormally determined by the measure
perature. The vent then closes and steam continues to be admitted or generated in the d
il the sterilization temperature and. correspondingsaturated steam pressure are attained.

eau period: the sterilization temperature is maintained in the chamber by steam for the prg

timgp.

c¢) Cod
to ¥
sea
de-
and

D.2 S

D.2.1
porous
surface

D.2.2

ling (re-conditioning) stage: this stage'can differ for various types of product. Air can be §
ent the chamber to atmosphere andto remove residual steam / condensate or, where solu
ed containers are cooled, filtered compressed air can be admitted into the chamber to preve
bressurization. This-stage is completed when the pressure in the chamber is at atmospheric
also, in the case of sealed containers, when a safe temperature is reached in the containers.

hturated steam sterilization — Active air removal

This sterilization-cycle is primarily used for product where air is difficult to remove su

contact stevilization.

An example of a chamber temperature and pressure profile is shown in Figure D.2. This is

rfemoval
d fluids

cycle is

ting (conditioning) stage: with the vent open; steam is admitted or generated in the chamber and

ment of
hamber

scribed

upplied
tions in
nt rapid
ressure

Ch as in

materials, instirtiments with channels and/or cavities and packaged items. It can also be fised for

nly one

exampls

e 6Fthe many implemented in modern sterilizers.

D.2.3

The sterilization cycle consists of six major stages:

a) Airremoval (conditioning) stage: air is removed from the chamber and the load by either a deep vacuum
or a combination of vacuum and steam pulses above and/or below atmospheric pressure.

b) Charge (conditioning) stage: steam enters the chamber until the sterilization temperature and pressure

are

attained in the chamber.

c¢) Plateau period: the sterilization temperature and pressure are maintained in the chamber by steam for

the

specified time.
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d) Exhaust stage: steam is exhausted from the chamber, and a pre-determined level of vacuum is obtained.

e) Drying (re-conditioning) stage: for items required to be dry, the temperature in the jacket surrounding
the chamber and the vacuum in the chamber are both maintained for a pre-determined period.

f) Vacuum relief (re-conditioning) stage: air is admitted to the chamber until atmospheric pressure is
reached.

D.3 Steam-air mixtures (to provide an overpressure) sterilization cycles

D.3.1 General

This stgrilization cycle is primarily used for contained product where at certain stages in the'cycle the
pressure within the container exceeds the pressure within the chamber. This carrresult in fracture of the
containgr or loss of integrity of the seal; to compensate for this an overpressure is used.

For such contained product, several sterilization processes are available toensure that\the pressurg on the
outsidelof a product balances the pressure on its inside.

D.3.2 [Steam-air mixtures
D.3.2.1|] An example of a chamber temperature and a pressure profile is'shown in Figure D.3.

D.3.2.2| The sterilization cycle consists of three major. stages:

a) Hedting (conditioning) stage: the first part of this stage.is the-same as for the vented systenp except
that where the product integrity can be affected by rising steam pressure, venting is precluded. Steam
Continues to enter the chamber until-the prescribedsterilization temperature is attained. If product
reqpires overpressure during this stage and wheréthe partial pressure resulting from the enfrapped

air |s insufficient to protect the praduct, compressed air is introduced. Circulation is normally fequired

to maintain a uniform environmient.

b) Plateau period: circulationand sterilizationtemperature are maintained for the prescribed timg¢.

¢) Codling (re-conditioning} stage: cooling/of the product is accomplished using cooled comppressed
air,|heat exchangens o1 cooled water spray. During this stage, damage to the contained prodyct from
rapjd de-pressurization of theschamber is prevented by compressed air. The required pressurg is then
majntained in-the chamber until the‘contained product has been sufficiently cooled and it is then vented
to gtmosphere:

D.4 Water spray
D.4.1 |An example of a chamber temperature and pressure profile is shown in Figure D.4.

D.4.2 [Thesterilization cycle consists of four major stages:

a) Fill {conditioning)stager atthe beginning of the steritization cycle, a quantity of water {5 introduced into
the sterilizer or produced as condensate from the steam. It is then sprayed over the product.

b) Heating (conditioning) stage: heating to the required sterilizing temperature is achieved, either by
introducing air and steam into the circulating system or by heating the water through a heat exchanger
and introducing compressed air into the chamber.

c) Plateau period: the circulation system is operated and the circulating water and contained product is
maintained at the required sterilizing temperature for the desired time.
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d) Cooling (re-conditioning) stage: the pressure in the chamber is maintained by compressed air and the
contained product is cooled as the temperature of the circulating water is cooled at a controlled rate.
The chamber is de-pressurized when the contained product has been reduced to a safe temperature.

D.5 Water immersion
D.5.1 Anexample of a chamber temperature and pressure profile is also shown in Figure D.4.

D.5.2 This is a similar sterilization cycle to the water spray system, except that the contained product is
totally immersed in water in order to maintain its shape.

Y
1 2 3
. R X
//
_
X
Key
X time
Y tempperature (__); pressure{ w__)
1  confitioning stage (air removal by downward;/gravity displacement)
2 plafeau period
3  stegm exhaust and.cooling period
a  Venf closure.
Figure D.1-— Example of a ciamber temperature and pressure profile for a saturated stepm
sterilization — Vented cycle
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Y 1 2 3 b 5 6

/.’\ ALy \ )
\Y; \/ C s> _//
X
time
temfperature (___); pressure (____)

confitioning stage (air removal by a sequence of evacuations and steam adniissions/pressurizations)
conflitioning stage (steam admission to sterilizing pressure)

plateau period

stedm exhaust

drying stage

vacyium relief stage

Atnjospheric pressure.

Figure D.2 — Example of a chamber temperature and pressure profile for a saturated ste
sterilization == Active air removal cycle
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/
/ \
/ \
/
/
4 =
X
Key
X time
Y tempperature (___); pressure including air overpressure (____])
1  confitioning stage (chamber pressurisation)
2 platfeau period
3 rec¢nditioning stage (steam exhaust and cooling perioed)

Figure(D.3 — Example of a chamber temperature and pressure piofile for a steam-air mixture cycle
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X
time
temfperature ( ___); pressure including air overpressure.( ____)
confitioning (fill) stage
confitioning (heating) stage
platleau period
cooling stage

Figure D.4 — Example of a chamber temperature and pressure profile for a water immersi

water spray cycle
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Annex E
(informative)

Temperature and pressure of saturated steam for use in moist heat

sterilization

E.1 Steam tables for use in moist heat sterilization

Theorefical steam temperature [see 6.3 b)] can be determined directly from.theSteam tables ref

below o

T=

where

T
P

Examplg calculation for:

P=0,205 04 MPa

T=[-3492,7/(In (0,205 04) - 9,486 54)}.-230,602 4
T=[-39492,7/(-1,584 550 - 9,486 54)] -230,602 4
T= (-3 492,7/-11,071 09) - 230,602 4

T= 351,109 4 -230,602 4

T=121,

At a pressure of 0,205 04 MPa.the saturated steam temperature would be 121,000 °C. Using Formu
the calqulated wvalue shown;in the-example is 121,007 °C. The difference is considered accepta
differerjce between calcilated temperature using Formulae (E.1) and the values shown in Table |

maximi

be used|for the estimatiorn‘of NCG in steam (see E.2).

calculated from Formulae (E.1).
-3892,7/(In P- 9,486 54)] - 230,602 4 (H

is the theoretical steam temperature in ° C;

the measured chamber pressure in MPa.

070

m deviations.0f +/- 0,01 °C over the range 100°C to 140 °C. The values shown in Table E.1 sh

Frenced

1)

ae (E.1)
ble. The

b.1 have
buld not

Talrle E.1 — Temperature and pressure of saturated steam for use in moist heat sterilizaqion

Temderature Pressure Pressure Temperature Pressure PressIure
°C mbar MPa °C mbar MPa
100 1014,2 0,101 42 120 1986,7 0,198 67
101 10509 0,105 09 121 20504 0,205 04
102 1088,7 0,108 87 122 2115,8 0,211 58
103 11277 0,112 77 123 21829 0,218 29
104 11678 0,116 78 124 2 251,7 0,225 17

NOTE 1 This table is extracted from ASME “International Steam Tables for Industrial Use” based on IAPWS “Industrial
Formulation 1997 for the Thermodynamic Properties of Water and Steam (IAPWS)” (see Reference [64]).

NOTE 2 1 014,2 mbar = 0,101 42 MPa = 101,42 kPa.
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Table E.1 (continued)

Temperature Pressure Pressure Temperature Pressure Pressure
°C mbar MPa °C mbar MPa
105 1209 0,1209 125 23222 0,232 22
106 1251,5 0,125 15 126 2394,6 0,239 46
107 1295,1 0,129 51 127 2468,8 0,246 88
108 13401 0,134 01 128 2544,8 0,254 48
109 1386,3 0,138 63 129 26227 0,262 27
110 1433,8 0,143 38 130 2702,6 0,270 26
[11 1482,6 0,148 26 131 27844 0,274 44
112 1532,8 0,153 28 132 2 868,2 0,284 82
113 1584,3 0,158 43 133 2°954,1 0,293 41
| 14 16373 0,163 73 134 3042 0,304 2
|15 1691,8 0,169 18 135 3132 0,318 2
[ 16 17477 0,174 77 136 32242 0,32242
17 1805,1 0,180 51 137 31318,5 0,331 85
18 1864 0,186 4 138 3415,1 0,341 51
| 19 1924,5 0,192 45 139 35139 0,351 39
140 3615 0,361 5
NOTE 1|This table is extracted from ASME “International” Steam Tables for)Industrial Use” based on IAPWS “Ipdustrial
Formulation 1997 for the Thermodynamic Properties of Waterand Steam (IAPWS})” (see Reference [64]).
NOTE 2 ]} 014,2 mbar = 0,101 42 MPa = 101,42 kPa.

E.2 Guidance on the application of steam tables for determining the presence df
saturated steam

E.2.1 [Saturated steam and how steam tables.are used to predict temperature from pressure

and vic¢e versa

Saturatgd steam is watér vapour in a state of equilibrium between its liquid and gas phases.

Steam gaturation‘is a term alsd_used ‘bt should not be confused with the term saturated stepm (see

Referenice [75] and.definition 3:56).

Steam fablés(see E.1) deScribe.the physical relationship between the temperature and pregsure of
pure saturated steam.-~When.saturated steam is used in saturated steam sterilization it normally has a
tempergture which correilates'to a pressure shown in steam tables (Table E.1). If the pressure of sgturated
steamm-i known, the-temperature, along with other properties, can be determined from steam taljles (see
Ed).Similarly, if.the temperature is known the pressure can also be determined from the samg¢ tables.

Subclaulse 6.3,b) requires that the chamber reference temperature should correlate with the temperature
calculaed Trom the measured chamber pressure. If the measured (T,,,) and calculated (T,) temperafures do
not cornelate, this can be due to:

a) the

presence of superheated steam (7, is greater than T: see E.2.2);

b) the presence of large quantities of residual air which have reduced the measured temperature below
that calculated from measured pressure (T, is less than T_: see E.2.3);

c) discrepancies in the measuring chains for pressure and temperature (7,, can be greater or less than T);

— A measuring chain outside of its specification can give rise to a difference between measured

temperature and that calculated from measured pressure.
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— The specified tolerances for each measuring chain (temperature and pressure) can give rise to

differences between measured temperature and that calculated from measured pressure.

E.2.2 Superheated steam and how steam tables can be used to identify its presence.

Superheated steam is steam which has been heated beyond its saturation point according to steam tables.
The measured temperature of the steam will be higher than that calculated from the measured pressure.

Superheated steam is considered less able to achieve microbial inactivation than saturated steam,
relationship is complex (see References [66] and [67]).

E.2.3 Steam-air (NCG) mixtures and how steam tables can and cannot be used to iden

but the

tify

their

COCIILC

The tenjperature and pressure of pure saturated steam has predictable properties. If air or other'N
mixed With steam then partial pressure laws apply (Dalton’s Law of Partial Pressures) and the'rela
between measured temperature and measured chamber pressure will no longer reflect stéam tablg
When
the parfial pressure of each gas will contribute to the total pressure 1it the mixtre (i.e. Ppy, 3
Pgicam)-|The temperature will therefore be lower than that calculated from measured pressure aqg
table values Formula (E.1). If the measured temperature is‘lower than the ternperature ca
from measured pressure, this is an indication that a steam-air mixture is present in the chamber
calculatjions given in References [74] and [77]). However, it is wrong to con€ludethatan equivalence t
the meqsured temperature and that calculated from measured chambef pressure in accordance wit
table vglues indicates the presence of saturated steami. l.arge quantities of \NCGs are required to

measurpble difference between the measured temperature and thetemnperature calculated from m
chamber pressure when taking into account the tolerances of the nieasurement chains used in ma
sterilizgrs or the guidance given in C.4. Such quantities of residual air-are several hundreds of time
than th¢ limiting values which would cause a steam penetratiomn test failure [see 6.3 c) and d) and A
and potentially cause a process failure (see.8.4) in a saturated steam sterilization process. It is, h
importgnt to note that in some contained product sterilization processes employing steam-air mixtu
A.7.3.2,|D.3, F.6.4 and H.6.4) non condensable gaseszare deliberately left in or introduced into the g
therefore higher values of NCGs itnirsteam are applicable however measures are normally taken tg
homoggdneity of the steam-air mixture.

As an example, the acceptable content of NCG.in-thie steam supply can be 3,5 ml of gas collected fronj
of condénsed steam (see-C.10 and a method in*EN 285). This results in an NCG level in saturated §
121 °Cto 124 °C or 134.°C to 137 °C hundreds of times lower (less than 100 parts per million NCG iy
than th¢ 3,5 ml limit. This level of NCG in'steam will cause a difference between the measured temp

CGs are
ionship
values.

mixture of steam and air/NCGs exists, the only contributor to\temperature\is steam. However,

PNC_G +
cording

culated
(see the
etween
h steam
Create a
pasured
ist heat
5 higher
nnex C]
owever,
res (see
hamber
ensure

100 ml
team at
steam)
erature

and temperature'calculated from pressure of less than 0,001 °K which is well below the measyrement

toleranges foitémperature and pressure suggested in this document. Thus, the comparison of m
and calgulated temperature from. chamber pressure would not detect a level of NCG in steam w}
create g process failure(See also Reference [77]). An example of the calculation of these values is s
Table Ef2 and in the literature.

Table EJ2 showstthe effect of increasing quantities of non-condensable gases accumulating in the ¢
on the dorrelation between the measured temperature and the temperature calculated from the m
pressure (the'sum of the partial pressures of steam and non-condensable gases) using Formula (H

basured
jich can
hown in

hamber
basured
.1). The

table shows the effect on saturated steam sterilization cycles operating at 136 °C and 123 °C. On

y when

greater than approximately 6 % residual non-condensable gas is present in the chamber is the measured

temperature below the acceptance criteria specified in C.4 for operating cycles with a temperature
134 °Cto 137 °Cand 121 °C to 124 °C (see Table A.2).
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Table E.2 — Effect of increasing quantities of non-condensable gases accumulating in the chamber
on the correlation between the measured temperature and the temperature calculated from the

measured chamber pressure

Measured |Theoretical tem- | Measured cham-| Theoretical % Airin | Volume air % NCG
chamber pres- | perature from |ber temperature| pressure from | chamber | in1000L found in
sure pressure (°C) temperature | byvolume | chamber 100 ml of
(kPa) (°C) (kPa) (L) condensed
steam?
322,42 136 136 322,42 0,00 0,00 0,00
322,42 136 136 322,38 <0,01b <0,1 3,5P
32742 136 135 313,20 2,80 73,60 94,10
323,42 136 134 304,20 5,65 56,51 97,09
323,42 136 133,8 302,50 6,18 61,80 9,36
214,29 123 123 218,29 0,00 0,00 q,00
214,29 123 123 218,00 <0,01b /<'0§\B 3,5P
214,29 123 122 211,58 3,07 30,74 9p,17
214,29 123 121 205,04 6,07 60,7 9B,14
214,29 123 120,8 203,74 6,67 66,65 98,32

a  Thislcolumn is a theoretical calculation showing the percentage of NCCfound in 100.mlof condensed steam using th¢ method
and calcyilation described in Annex C and EN 285 if a sample were taken from the pipeisupplying steam to the chamber.|lt should
be noted|that the values are illustrative since at very high levels of NCG in steam gertain anemalies will be introduced due to the

method
b Thes

f calculation.

e figures refer to the limiting values for NCGs in steanrsupplied to the sterilizet in EN 285 and EN 13060.

Example|calculation: The temperature measured in the chamber is 133,8'%C. The nieasured chamber pressure is 322,4p kPa. At
a tempetfature of 133,8 °C the chamber pressure should be 302,50 kPa."The difference in the measured pressure and pressure
calculatdd from the measured temperature is 322,42 =302,50 = 19,92-kPa, The proportion of NCG in the steam is 19,92|/ 322,42

*100=6J18 %
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Annex F
(informative)

Guidance on the application of the normative requirements in health

care facilities

F.0 General

This an
facilitie
Annex |
the mar
are req
range o
ensure

NOTE

this docyiment as described. In some clauses, additional informationisprovided férwhich no normative claused

exists (e

F1 S
No addi

F1.1

F1.1.1

F.1.1.2
steriliz3

F.1.2

F1.2.1

F.1.2.2

F.1:2.3

r.1.2.4

5. For application in industrial settings the reader should refer to Annex A in combinati
1. Reusable medical devices are used in health care settings and are/processed in.accordar
ufacturer’s instructions for use. Prior to sterilization, control of cléaning and disinféction pr
hired. Due to the nature of use in a wide variety of settings and procedures, there is a sig
[ possible contamination and devices. Policy and standard operating procedures should be in
hat medical devices undergo safe processing.

For ease of reference, the numbering of clauses in this annexcorrespondsyto that in the normativg

g. bulleted text or additional numbered subclauses).

Cope
Lional guidance.

Inclusions
No additional guidance.

The most common meist heat sterilization process used in health care facilities is saturate
tion.

Exclusions
No additional guidance.
No.additional-gtiidance.
No additignal guidance.

N¢ additional guidance.

hex offers guidance to be considered for the use of moist heat sterilization processes in heallth care

bn with
ce with
ocesses
nificant
place to

parts of
number

d steam

F2 N

ormative references

No additional guidance.

F.3 Terms and definitions

F.3.1 Users of this document in a health care facility should be familiar with the definitions given
in Clause 3 since the terms used are carefully defined and will be used in the context of the definition,
sometimes appearing obvious or counter intuitive. For example, the definition of establish requires both a
theoretical and practical evaluation where data is created during testing.
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F.4 General

F.4.1 Development, validation and routine control of a sterilization process

F.4.1.1 Overview

The health care organization should understand the benefits of:

introducing a system focused on quality of the process, reviewed at regular intervals, and ensuring that

system is understood, implemented and maintained with current information;

fr 1 1 : 1 3 IS P + 1 1 PR | 1 —
HIIIEZ TOICS dIIU d55IgHICU TTSPUIISTIUITILICS, LdSKS dITU PIULESSCES LU DC UITUCT LAREIL,

ning organization levels of leadership with responsibilities that are clearly identified,@ssig
umented;

hting procedures that ensure a change in a process is verified and.documented (se€ 12.5, A.1

F12.5);

f performance reviews that are established and implemented;
[ resources are made available for trained personnel, siipervision, work activities and qualit}

Also see ANSI/AAMI ST90 and ISO 13485.

Quality systems considerations

Ith care organization should understand-the benefits:tothe facility of a quality focused

rovement initiatives;
ning staff and manageiment responsibilities;

ning the qualifications, competencyand-responsibility of each person authorized (aut
son) and designated to carry,out specific task(s);

iblishing gualification, educatieniand training of personnel;
oducingah infectionprevention and control programme including procedures and protocols
King provisions fonworker occupational health and safety;

ning procedures for subcontractors, including whether they operate within or outside th
e facilityyifiapplicable;

ning'staff and training competency assessment procedures;

hed and

2.5 and

 audits.

system,

g financial. The following are considerations for a quality focused process which the health care
should address:
jgnating personnel trained.in_the performrance -of audits and the implementation of

quality

horized

b health

t there

Iring procedures are in place for control and monitoring of all phases of the operation and t

is documentation to ensure adherence to standards, guidelines and regulations (for example, procedures
for sterile storage and transport conditions, manual and automated cleaning and disinfecting practices,
safe handling of sterilization and disinfection agents and ensuring that they are being used according to
instructions on their label);

chased sterilizers conform to legal requirements and their specifications (see 6.2 and F.6.2);

sterilizers are installed correctly and safely with regard to proper functioning, safety of personnel and
environmental protection;

a)
the
b) def
c) def
dod
d) cre
F.17
e) sta
f) tha
NOTE
F.4.1.2
The hes
includin
facility
a) des
img
b) def
c) def
per
d) est
e) inty
f) ma
g) def
car
hj~ def
i) ens
j) pur
k)
)

the service and environment required for proper operation of the sterilization equipment meet the

spe

cifications of the sterilizer manufacturer;
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m) newly installed sterilizers are subject to IQ, 0Q and PQ tests before they are put into service;

n) sterilizers are subject to a documented scheme of periodic tests at yearly, quarterly, weekly and daily
intervals;

0) sterilizers have an equipment maintenance service contract or in-house inspection and equipment
maintenance programme staffed by fully trained, qualified and competent personnel;

p) procedures for processing, quality control and safe work practices are documented and adhered to in
accordance with statutory requirements and accepted best practice;

q) procedures for dealing with malfunctions, accidents and dangerous occurrences are-documented and
adheredto;

r) the| sterilizer manufacturer recommendations for regular equipment maintenance and periodic
inspections are followed and documented (see Clause 12 and 12.3);

s) each measuring chain (sensor to readout and recording) fitted to,.or used with, the ster]lization
equipment is calibrated annually, inspected, checked and maintained;

t) the|calibration of the equipment should be carried out using/instruments.¢calibrated and tracgable to
natjonal standards;

u) thelsterilizer technical documentation has informationiand schedules-on-any parts or components that
reqgpire routine replacement and that this is made available to the user:

F.4.1.3 | Operational considerations

The hedlth care organization should address operational aspe€ts such-as:

a) work area design (decontamination; preparation, stérilization and sterile storage areas), trgnsport,
envlironmental controls, hand and eye washing facilities; disinfection/testing/equipment mainfenance,
work surfaces, traffic control, personal protective equipment and dress code;

b) collecting information aboutprocessing redsable-medical devices;

c) disgssembly, if needed, cleaning and diSinfection;

d) inspection, reassembly and functional testing of complex devices;

e) SBY(packaging);

f) sterilizeriloading, operation, unleading and load release;

g) storage,transport, and distribution;

h) nedd for a traceability system for each medical device;

i) purchase agreements;

j) equipment maintenance and sterilizer quality assurance; calibration of the measuring chain /sensors

k) management and reporting of incidents requiring attention or action;

1) the sterilization of a medical device(s) according to the validated manufacturer's instructions for use;

m) the sterilization of a medical device(s) that is (are) difficult to clean, disinfect, package, or sterilize.

F.4.1.4 Documentation

The health care organization should address requirements for sterilization process documentation and
should ensure that this documentation includes:

a)

regular quality audits of the documentation system;
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b) accessibility to the staff;

c) standardized policies and operating procedures and have pertinent information for all critical steps of
the sterilization process;

d) operator manuals, diagrams and visual keys that should be available and readily accessible to staff;
e) all procedural and equipment audits and reports;

f) any changes to sterilizer equipment or processes, product or SBSs, which should be documented and
communicated to the appropriate staff in a timely manner;

g) routine mnnifnring, load contents and load release results

F.4.2 [No additional guidance.

E.5 Sterilizing agent characterization

F.5.1 [Sterilizing agent
F.5.1.1 | No additional guidance.

F.5.1.2 | The majority of health care facilities utilize nioist heat, ptocésses with saturated stegm in a
commefcially available steam sterilizer employing a.well-recognizéd-time and temperature combpination
during the holding time. (See Table A.2.)

F.5.1.3 | See C.10 for additional guidance on'the quality of steam supplied to the sterilizer.

F.5.2 icrobial effectiveness

The ocdurrence of superheated steam can impaet the microbial effectiveness of the cycle. Whengver the
measurpd temperature exceedsthetheoreticaltemperature calculated from measured pressure as d¢scribed
in Annef E, superheated steani.can be present: The presence of superheated steam can be detrimentgl to the
medical device and or its packaging and-cah‘compromise the sterilization process. Superheated st¢am can
occur ahd behaves more-like a dry gas and<has a low microbicidal effectiveness compared with sdturated
steam. Puperheated steaim can result frem pressure reduction and/or adiabatic expansion of sdturated

steam. It can also occur from the fehydration of parts of the load, particularly those parts containingnatural
fibres. $uperheated steam conditions.can be minimized by engineering of the steam supply system, for
exampl¢ by:

a) havling a series of pressure reduction stages from the supply pipe to the chamber and ensufing the
prepsure reductionratiofor each stage does not exceed 2:1;

b) < _ensjring steam velocity does not exceed 25 m/s;

¢) ensuringimaterials made from natural fibres are pre-conditioned to a humidity greater than 40 % RH
pri¢rcte sterilization.

NOTE See A.5.3 and A.7.5.

F.5.3 Effects on materials

Health care facilities should be aware of the information and material effects testing performed by
manufacturer of the medical device and SBSs to be processed to ensure compatibility with the sterilization
process.

F.5.4 Environmental consideration

No additional guidance.
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rocess and equipment characterization
General

No additional guidance.

No additional guidance.

Process characterization

The process variables for moist heat sterilization are exposure for a speciiled time at a s

heat sterilization process since it has no bearing on microbicidal lethality.

the control system to deliver the required operating cycle.

P There are two common approaches to the development of sterilizationptocesses typically

'med, the exposure time can be defined conservatively as twice theleXposure time in the h3
[ively, the approach described in Annex C is used. Evaluation of a sterilization process by this

ify whether one or more of the performance requirements specified for the sterilization pro
ained.

Process specification

following is an example of an operating cycle specification (see Annex D, Figure D.2):
Stage 1 - Conditioning:
— Number of pulses: (e:g:3)
— Type of pulses:‘(e.g. trans-atmospheric)
— Pressurewalue for all negative pulses: (e.g. 130 mbar)
— Pressure value for all.positive pulses: (e.g. 1 150 mbar)
Stage2 ~holding time!
-= \Sterilizationtemperature: (e.g. 134 °C)
canfalso be considered (see E.1). Theoretical temperature cannot be used to verify sati

steam conditions but can give an indication of rough deviations (e.g. large leakages
of pressure measurement/process control). In the temperature control for some ste

pecified

iture in the presence of moist heat. It should be recognised that pressure is1iet a processyvariable in

Process variables are those which contribute to microbial inactivatior. Pressure is a\¢ycle varialjle and is

used in

are facilities. One approach is described in B.4.4.2. Whén the inactivation of the biological ipdicator

If cycle.
method

mally be from the data generated from a series.of performance tests. Each test should be designed

Cess has

— the thegretical temperature calculated from the measured pressure according to steain tables

sfactory
failure
rilizers,

theoretical temperature can be relevant.

3)

— Holding time: (e.g. 4 min)

Stage 3 - Drying

— Pressure value for vacuum point: (e.g. 90 mbar)
— Drying time: (e.g. 15 min)

— Drying pulses: (e.g. 1)

b) Tolerances can be included with the above items.
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e) See
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F.6.2.2 a) and b).
F.6.2.2 a) and b).
F.6.2.2 a) and b).

f) Health care sterilization loads commonly consist of different medical devices combined into sets with
various sterilization barrier systems used to enclose them. For each type of load configuration the
reusable medical device manufacturers instructions for use should be reviewed and supporting evidence
established to ensure the items can be sterilized in the proposed sterilization cycle. It-issimportant to
establish product families that can be sterilized for each type of load configuration. The-location where
the electronic recording devices and PCDs are placed is specified for referenced/ioad configurations.

Inf

NOT

and

g) No

h) Medlical devices, SBSs and load configurations can impact the.conditioning-stage of the ster

cyc
fam

i) To jmprove load drying during the drying phase, positive pressure pulses or air might be addec

the
pas

j) No

k) Mo
eith

1) Wa
can|
the
pos

The rat

damage
F.6.2.3

F.6.3

Steam.c
will be
if resid
accepta

rmation relating to the location can be available in the sterilizer’s instructions{for use.

E Load configuration can include the types and number of items, loading/pattern, orientation,
SBSin use.

hdditional guidance.

e, and it can be necessary to implement different condifioning phase$ according to the
ily’s characteristics.

phase to improve condensate evaporation. Any.air introduced during-this stage of the pr
sed through a microbial retentive filter to ensuireno recontamination-of the sterile load can

hdditional guidance.

hitoring can include physical parameters, biological\and or'chemical indicators. PCDs can
er a biological or chemical indicatot; ot both.

fer and steam quality requirements are established to understand presence of contamina
have an adverse effect on the product or packaging. Excessive water in the steam supply i
causes of wet packs. The.dtyness fraction efthe steam should be determined, monitored an
sible controlled (see Anriex C).

to the SBSs and/or medicalidevice and /or to allow steam penetration into the medical devi
No additional guidance.

Saturated steam sterilization processes

location,

lization
product

| during
ocess is
Dccur.

contain

nts that
s one of
l where

e of pressure change can affect the miedical device and SBS integrity and sterilization effficacy of
some miedical devices.(e.g: with a lumén). This can warrant a controlled rate of pressure change to

prevent
e.

hamber

an be generated in, or admitted to, a chamber from an external or internal source. Air in the ¢

bradually pemoved by gravity displacement, active flow or by forced evacuation. It is assuned that
hal airis reduced to an acceptably low level such that standardised test procedures reafh their
hce‘criteria, then moist heat conditions will be present on the surfaces requiring sterilization.

Variatio

ns 1n process parameters and/or the amount of non-condensable gas remaining in the Chamber

at the end of the air removal stage can result in an ineffective process. Sources of non-condensable gases
should be known.

The sterilizer technical specification documentation is often provided to the health care facility by the
sterilizer manufacturer (see Table A.1).

The health care facility saturated steam sterilization process specification should include:

a) a description of cycles used, which should include the measured process variables and cycle variables
and acceptable ranges, the upper and lower limits for each process parameter and cycle parameter, and
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the method used for air removal, test methods, monitoring procedures, test frequency and acceptance
criteria for sterilization process evaluation;

b) no additional guidance;

¢) identification of a steam penetration test to detect unacceptable levels of NCGs, air leakages into the
chamber or other causes of inadequate air removal;

d) documentation on the type of monitoring and how often it is used;
NOTE A PCD can contain a biological indicator and/or chemical indicator. When used. fer.qualification, the
PCD can contain a temperature sensor.

e) theltype of air removal test built into the sterilizer;

f) thef[load contents;
NOTE Reference loads can be specified from a consideration of itenis to be processed, produdt family
designations, SBSs employed, and load configuration used, and should represent typical aindithe most challenging
load to the process.

g) he instructions for use accompanying either the sterilizer.or the medical device;or both, can|provide

informdtion on drying times.

F.6.4 [Contained product sterilization processes

Containfed product sterilization processes are not commonly capriéd-out in health care facilities.|If used,

er be specifically designed for containéd product sterilization or will have sterilization prjocesses

specificplly designed for contained product sterilization (seeA.6.1.3 and H.6.4). It is unlikely the sdturated
steam sferilization processes used for processing reusabledmedical devices would be suitable for prgcessing
containgd product (see Annex D). Similarly, the SBSs, used-for medical devices (e.g. woven or non-woven
wraps gr rigid container systems) are unlikely to bé-usedfor contained products which will employ rigid
(e.g. glaps bottles or sealed ampoules), semi rigid (&,g.polypropylene bottles) or flexible (e.g. PVC IV gouches)
containgrs. Annexes A, B, H and‘D describe in detail-the processes typically used for contained product and

the approaches taken for development, validdtionand routine monitoring.

F.6.5 [Equipment

F.6.5.1 | Sterilizers for use in health«care facilities should be equipped with a sterilization projcess(es)
designed to sterilize a range of medical devices routinely used in a health care facility. National and Jegional
standands (e.g. EN 285, EN\73060,’ANSI/AAMI ST8, ANSI/AAMI ST55, JIS T 7322, JIS T 7324)|specify

steriliz¢rs-which have suchd capability. See also A.6.2.

a)

b)

f)

The sterilizer make; model and serial number should be documented. The documentation accompanying
the(sterilizer-usually provides this information along with an equipment specification. The installation
and operator’s manual should be obtained and retained.

Drawifigs and a description of the materials of construction for the steam delivery system(s) pnd any
anciillary items should be obtained and retained.

Technical information, product codes and description of any accessories, replacement parts, frequencies
of replacement, including filters (if used), should be obtained and retained.

A description of the measuring chains including sensors and recommended calibration and maintenance
frequencies should be obtained and retained.

A description of equipment process capability including pressure ranges for each cycle stage should be
obtained and retained.

A description of failure messages and audible alerts including recommended actions to take when they
occur should be obtained and retained.
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g) Information on recommended safety features and safe work practices should be obtained and retained.

h) Certificates of conformity to local, national and regional regulations should be obtained and retained.

i) Information on the recommended routine monitoring procedures, including air leakage tests, should be
obtained and retained.

j) Information on the type of air detector, if fitted and its accuracy, and recommended calibration and
maintenance procedures and frequency, should be obtained and retained.

F.6.5.2

See F.7.12.

F.6.5.3
their chl

The chajracteristics of the electrical supply (e.g. voltage and amps) should be conipared with the.spec

require
constru
roles an

F.6.5.4
which c

F.6.5.5
F.6.5.6
NOTE
E7 P
F71

modifie
care fad

the heallth care facility.can be involved in the design and development of a new or modified

device,
circum{
and the

Health
in conjy
of whic
contain

¥.7.2

The 1Q process should include an audit of the location of the sterilizer, the supplied serv
hracteristics (e.g. the supply pressure and flow rates of the steam, water and’'compressed air

ments. In a health care facility these activities can be undertaken-by the stefitizer sup

ction company, but the outcome should be documented. See Table.A.1 for further informs:
d responsibilities.

The load support system refers to racks permanently:fixed into therchamber or shelved
hn be moved in and out of the sterilizer on guide rails.

The technical information provided with the sterilizer should-beConsulted.

Software validation/verification documentation for théspecified equipment.

There can be national and regional regulations relating'to software validation and security.

roduct definition

[t is not common for a health care facility te-he involved in the design and development of g
ility will be faced with the choice-of-purchasing commercialized products. In certain circumn
however the regulatory consequences of such activities should be carefully considered.

tances arise the product/famiily should be identified or established for the prototype inst
requirements of this dacumerit followed.

rare facilities are routinely irivolved in developing new instrument/device sets. This is usua

hand how many and where an instrument/device will be placed in the set, what type ang
fnent device tray will be used and the SBS that will be used.

The requirementin 7.2 can necessitate that appropriate information be provided by the manu

of the

the sterjlization process. This corresponds to the instructions for use provided for the sterilizer and

edical device and the manufacturer of the sterilization equipment to the organisation undg

ces and
supply).
fication
plier or
ition on

trolleys

new or

d medical device or reprocessing a singlé use medical device, however it is more likely that the health

stances
medical
If such

Fument,

ly done

nction with a stisgeon or surgical department. Development of new sets involves determination

| size of

facturer
rtaking

medical

device. It is important that the organisation responsible for reprocessing the medical device ensures that
the product family into which the medical device has been allocated can be processed by the sterilization
cycles implemented in the sterilizer. See Annex G on assigning products to product families and load
configurations.

F.7.3

A health care facility will often combine several commercialized products into one pack. The

product

family for this combination should be identified. In most cases the product family identified should align
with the product family for the medical device in the pack considered to be the most challenging to the
sterilization process. See Annex G.
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F.7.4 Sterile barrier systems are designed to ensure that the medical device remains sterile until opened
for use. Sterile barrier systems should allow penetration of the sterilizing agent and withstand the stresses
that occur during the sterilization process, remain secure and should not have a negative effect on the
quality of the medical device (e.g. generating particles). ISO/TS 16775 provides guidance on the ISO 11607
series for SBSs.

F.7.5 Theinstructions for cleaning and decontamination of the medical device prior to sterilization should
be assessed and followed. Health care facility operating instructions should describe how the medical device
can be cleaned and decontaminated following the instructions and the competency of staff following the
instructions should be established.

F.7.6 his is not normally applicable to health care facilities as it applies to contained product.

F.7.7 CDs in healthcare settings are typically facility assembled or commercial tests designed to create a
challenge to a specific aspect(s) of the specific sterilization process (e.g. air,removal and steam penegration).
PCDs (efg. an air detector or other independent monitoring device, biologicalindicator or\chemical indlicator),
are intehded to represent specific characteristics of the product family. The validity ofthe PCD when ¢xposed
to the sterilization process should be established and documented in the informatien’ supplied for the PCD.

F.7.8 edical device and SBSs manufacturers establish compatibility with the recommended ster{lization
process} The medical device and/or SBS instructions for‘use should be eofisuited for any applicable limits
on usability (e.g. maximum number of processing cycles.for robotic instrurents or rigid container fystems
prior to[recommended maintenance).

F.79 [The product should not be visibly wet and should\also-be maintained in the recommended
environmental conditions as specified for the product. Sterile.barrier systems should be maintained within
recomnjended environmental conditions prier'to use.

F.7.10 Medical devices (including rigid containercsystenis) that are processed can suffer accurhulative
changeg such as surface cracking caused by differential-expansion through a thick material, brittl¢ness or
delamirjation. Crevices and lumens-can retainsgrgatiic; chemical and biological contaminants that cgn cause
material reactions or be unpredictably released during use. Many materials that are subject to rgpeated
moist heat sterilization have a long histoty ef-safe use, are known to be suitable and have longeyity (e.g.
stainlegs steel). Other materials, howeverycan have limited lifespans. Reference should be made to the device
instructions.

F.7.11 [In healtly care applications;~any residual moisture remaining on the device or packaging after
processing and cooling is unacceptable and considered a contaminated item. Corrosion of some mlaterials
can occlir if steam generated from'water of low pH or if the water contains contaminates.

F.7.12  [Health carefacilities should consider the development of operating policies and procedures Hased on
local anfl national segulatory requirements, standards, equipment and product instructions for use apd other
relevant guidelines. Personnel should be trained and assessed on these procedures. The instructiong for use
dccomphnying a medical device can be in conformity with ISO 17664-1. Regional or national guidelines for
cleaning,‘disinfection and sterilization of such medical devices can apply. The following can be considered:

a) The medical device and reusable SBSs instructions for use can be consulted for recommended methods
for cleaning and disinfection. The recommendations should be incorporated into policy and procedures.
Use of medical devices that are either difficult to clean or disassemble, or both, should be carefully
considered prior to purchase because only a cleaned device can be successfully sterilized.

b) The medical device or SBS instructions for use can be consulted for any requirements for special pre-
conditioning before exposure to the sterilization cycle. The recommendations should be incorporated
into policy and procedures. See E.6.1.1 d).
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¢) Load configurations can be established according to product family assignments (see Annex G) and
validation results, particularly PQ test results (see F.9.4.3). The load configurations should be described
in the policy and procedures.

d) The integrity of the SBS, both before and after processing, should be confirmed by visual inspection
prior to releasing the item to use and again directly before opening the item for use.

e) Notnormally applicable to health care facilities.

F.7.13 Processed, inventoried items should be maintained in controlled storage environiments defined in
the policy and procedures.

F.8 Process definition
F.8.1 [No additional guidance.

F.8.2 [A sterilization process used for processing in health care facilities is based gii-the recommerjdations
for a st¢rilization temperature and holding time specified in national and regignal guidance or developed
from prpcess parameters specified for the sterilizer and/or the ‘'medical device!

The holding time and temperature combinations used in different countries-and regions varies therefore
it is redjommended but not prescribed that minimum tinie temperature comhinations should be uged. See
Table A2 for examples.

F.8.2.1| Standards have been developed for stérilizers suitable for-processing a wide range of medical
devices| A sterilization process that conforms‘to the perfoymarnce-requirements detailed in a felevant
standar|d should be recommended for the medical device (see IS0.17664-1).

A dissinpilar but existing sterilization process that haspreviously been defined by specified cycle parameters
and valjdated to treat the product family to which the new medical device is assigned can be used pfoviding
that thelsize, design and construction'material of the'new medical device fits into the product familyf range.

F.8.2.2| A health care facility will oftefi;’combine several instruments into one pack. Undgr these
circumgtances the facility should take @nto accourit the instructions for processing issued for each of the
individgal medical devices that make up the pack and the product families to which each medical device
is assigned. The health care facility should consider the recommendations of individual suppliers of
commefcialized products for progessing-in relation to their existing sterilization process(es). It is typically
possiblg to use an existing sterilization process; however it can be necessary to develop a new ster{lization
process| basedwon the instructians‘accompanying the medical device. Any deviation for the pfoposed
sterilization process should be agreed with the medical device manufacturer or validated by a responsible
person.

If the irftended sterilization process is neither recommended in the medical device instructions for{use nor
previously definied to treat the product family to which the new device fits, a detailed assessment of the new
product in_relation to a similar product already defined to the intended sterilization process shoyild take
place.

F.8.3 Physical parameters and exposure restrictions identified for the medical device and the sterile
barrier should be observed for each medical device.

F.8.4 The SAL is generally an assumed value. The SAL of the process is either validated by the sterilizer
manufacturer or the medical device manufacturer, or both. The resulting cycle to achieve that SAL is
provided as a sterilization cycle.

F.8.5 Failure to follow the processing instructions can affect the performance of, and invalidate any
warranties related to, the medical device. Adverse changes taking place in the medical device and/or SBS
resulting from an inappropriate sterilization process can present a risk to patients and users.

© IS0 2024 - All rights reserved

102


https://standardsiso.com/api/?name=dfa5bf4cf2ea3bf41ecff231525b98ec

ISO 17665:2024(en)

F.8.6 For many medical devices, air removal is a critical factor when predicting the presence of moist heat
in locations that are difficult to sterilize. Relevant tests and acceptance criteria for factors that can affect
steam penetration are identified in this document.

F.8.7 Biological indicators (see ISO 11138-1 and ISO 11138-3) can be used in health care facilities for
process definition and equipment qualification (see F.9) to confirm the lethality of the cycle to the stated
resistance of the biological indicator. The sterilizer and biological indicator instructions for use can be
consulted for information on placement in the chamber and load, number of biological indicaters to be used,
incubation and interpretation of the biological indicator result. National and local compliance-and regulatory
guidelines related to process definition and qualification requirements should be taken intoaccount.

F.8.7.1 | Guidance on the use and application of biological indicators is found in ISO 11138-7.

F.8.7.2 | The use of inoculated product or the placement of inoculated carriers within medicalldevicps is not
generally applicable to biological indicator use in health care setting.

Whenever biological indicators are used to confirm lethality in prescribed-locations, the physical parpmeters
measurpd during the sterilization cycle should always be used to verify that the defined-sterilization|process
has beeh achieved.

F.8.8 [Contained product is not commonly processed.in health careCfacilities” with the exception of
pharmadcy applications. See H.6.4.

F.8.9 [A chemical indicator (see ISO 11140-1) can-be used as an.elementin sterilization process d¢finition
to demdnstrate the attainment of process parameéters.in the location.in which it is placed.

Chemicglindicators show exposure by means of either physical or chemical changes, or both, and are designed
to react to one or more parameters of the sterilization,process.stuch as time of exposure, temperatyre, and
presende of moisture. The instructions for use accompanying the chemical indicator should be consjulted to
verify the exposure conditions that can cause the chémical indicator to reach its endpoint. Attainmept of the
chemicgl indicator's endpoint should not be regarded as an indication of attainment of an acceptgdble SAL
but ratller one of many factors-which should be-taken into consideration when judging the acceptapility of
a steriligation process. Failure of a chemicalindicator to reach its endpoint should be regarded as gvidence
of a sterilization process failure and bednvestigated. Guidance on the use of chemical indicators is found in
ISO 15882.

F.8.10 [PCDs can e either facility‘assernbled or commercially provided and contain a biological indicator
and/or fa chemical indicator-and are-designed to mimic specific resistance attributes of the prqduct or
product family(e.g. a defined-challénge representing the reference load to be processed).

F.8.11 «[The-instructions for use for the sterilizer can be consulted for information on the sterilization cycles
availahle. The instruetions, for use supplied with the sterilizer, medical device or SBS can be consplted to
identify|the sterilization process required for the medical device or product family. If a specific ster{lization
cycle is|required, B.4 provides guidance on applying the half cycle method to develop or validat¢ such a
sterilizgtioh.cycle.

F.8.12 Processed items should be dry and cool prior to handling. The medical device and SBS instructions
for use can be consulted for recommended drying times. The effectiveness of the drying stage for the range
of product families expected to be processed can be assessed and established as part of process definition.
Different drying times can be necessary for different product families. In saturated steam sterilization
processes, some loads (e.g. those containing heavy metal devices) can require an extended drying stage of the
operating cycle to ensure that residual moisture is reduced to a level which will not affect the performance
of the SBS upon removal from the sterilizer.

Policy should be established for sterile items to be maintained in controlled, sterile storage area(s) until use.
F.8.13 No additional guidance.
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F.9 Validation

F9.1 General

F9.1.1 Validation consists of IQ, in which the sterilizer and its installed services are checked against its
specification, operational qualification (functional qualification), in which the sterilizer and sterilization
process is tested for basic performance, often using predefined test loads (see Annex C for some examples)
and performance qualification in which the sterilizer and sterilization process is tested forthe ability to
successfully process the medical devices and product families presented to it for sterilization. An established
plan for the validation policy and procedures should include the scope of the validdtion and areas of
responsibility for the key personnel involved. The purpose is to establish that the process developed in
process|definition (see Clause 8 and F.8) can be delivered effectively and reproducibly to the load. It grovides
evidenck that the load is not compromised in terms of its safety, quality and performance.

Moist heat sterilization is a thermal process and the validation testing is primarily performed with physical
methods. However, during routine monitoring and requalification it can be‘appropriate to.also use bijological
indicatqrs and integrating chemical indicators.

F.9.1.2 | Acomplete master validation plan can be written and approved prior toinstallation of the stlerilizer.
e sterilizer manufacturer or authorized person, or beth, can be consulted for the development of
. The plan can include 1Q, 0Q and PQ procedures and-specifies the-required documentatjon. The
include a formal review and approval of the validation results prior to release of the steri|izer for
productlion. The plan can be reviewed annually and wheri-changes arémade that can trigger the need for
requalification (see F.12.4).

F.9.1.3 | No additional guidance.

F.9.1.4 | Anew product family can require either 0Q orPQ, orboth, as determined by the product adoption
assessnpent.

F.9.1.5 | Test instruments used. to calibrate oryerify each measurement chain should have docymented
evidence of calibration (e.g. @ valid calibration certificate) to a known standard and be verifigd using
a calibrption reference to a.wprking standatrd..One example is use of an oil bath or dry heat calibrator of
known $table temperature traceable to a femperature reference standard.

F.9.1.6 | No additional'guidance:
F.9.1.7 | No.additional guidance,

F.9.1.8. “Tests on each) equipment fault recognition and alert system can verify that the equipment is
working properly acéording to the original specification. Fault testing can be incorporated into any [stage of
validatipn procedures.

£9.1.9 | A'mew product family can require either OQ or PQ, or both, as determined by the product ddoption
assessnjent.

F.9.2 Installation qualification (I1Q)

F.9.2.1 Installation qualification is necessary whenever a new sterilizing facility is to be commissioned
or when an existing sterilizer is replaced or relocated. Installation qualification demonstrates that the
sterilizer conforms with the agreed specification including conformity of the equipment, services and
site requirements. The equipment specification provided with the sterilizer can contain the required
information.
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F.9.2.2 All site conditions should correspond and be verified to the specifications including electricity,
compressed air, steam quality, room air exchanges, temperature and relative humidity ranges as defined in
the procedure. Site planning and installation requirements are commonly defined and established for the
sterilizer and documentation provided to the health care facility (see also F.6.5.3).

IQ checks and documentation includes:

a) equipment manufacturer, model, serial number and installation location;

b) calibration certificates for controlling, and registering sensors including software version and software
validation certificates if indicating sensors are used to verify processes effectiveness;.their calibration
certificates should also be documented;

NO

E The term sensors can include parts of the measuring chain.

¢) opdrator manual including failure code identifications; local language versioris can be available.

d) leak testresults;

e) ver]fication of electrical service requirements include frequency, phase, curent and power

ap
f) ver
g) nur
h) fact
i) dod
j)  dod
NOTE

F9.3
F9.3.1

F.9.3.1.
accordi
define t
thereis
regiona
there is

If an-exil
or‘both
should

process

licable);

fication that any filters are within use life;

hber of room air exchanges, room temperature and relative hunfidity and acceptable ranges;
ory acceptance test documentation;

umentation that all local code requirements are met;

umentation of any non-conformance.

See also F.6.5.3.

Operational qualification{0Q)
Operational qualification plan

|  The OQ planincludes proeedurées-and documentation to demonstrate that the sterilizer ¢

plerances. This includesproof that the quality of each utility service conforms with the speci
no evidence of interférence from or to other equipment, the sound or noise generated does no
| or'riational safety'requirements, the safety features and warning schemes function as desig
no leakage in thesystem (see A.9.3).

sting sterilization process is to be used to treat either a new medical device or loading config

pe verified before PQ is conducted. This may be done by analysing data obtained during
ingand/or periodic tests or by a repeat of OQ.

cord (if

perates

g to equipment predetermmined litnits to deliver the specified process / operating cycle(s) within the

Fication,
F exceed
hed and

uration,

conformity to the performance requirements established during the original or subseqfient 0Q

routine

Whenever mew equipment 15 imstatled, existing equipiment 15 modified to detiver a new Steritization
or a service is changed, the sterilizer manufacturer, or the party having responsibility for the sterilization
process, establishes the operational performance requirements and tests that are to be used to verify the
efficiency of the sterilization process are valid. Modifications to the sterilization process that can affect this
efficiency include, for example, changes to process parameters.
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F9.3.1.2 Operational qualification tests

Operational performance requirements and tests can be needed to establish that the following conditions are
met (these can be predicted from the characteristics of the operating cycle but should also be established):

That effective air dilution is obtained during the sterilization cycle. This can be predicted from the
operating cycle; reproducibility will be affected by air leakage into the chamber, NCG in the steam, the
rate of change of temperature in the chamber and load and the mass of the load (see Reference [56]).

That contaminants are not deposited on the medical device. This can be predicted from the contaminants
suspended in the steam (and the characteristics of the SBS in use).

simfilar challenge to the medical device(s) it represents, and the method should be verified by d

confformance and an investigation initiated. The load should be reprocessed.

identification of any-cold spots in the-chamber from thermometric test results;

tSteanT penetration occurs (Ito those parts of tie medical device fronr witicir air 15 dif
ove. This can be predicted by comparing the temperature measured in-a reference deyie
perature measured at the reference measurement point; the reference device should

cators or biological indicators positioned in the reference device arid/or medicaldéevice.

t the process dries the load of wrapped goods. This can be deterniined by bothyisual inspec

e removed from the sterilizer. Any evidence of wetness. or staining should, be considerec

B Documentation checks and assessment of test results

stallation and prior to OQ the sterilizer-related documentation such as specifications, sery
/ scheduled equipment maintenance documentation, calibrations, certificates and others sh
for being complete, valid, up to date if riot performed imniediately after IQ procedure.

nted 0Q test results and supporting documentation iniclude:
h1ts of tests in a chamber loaded with the typetof specitied loads including temperature prof
'E1  Empty chamber studiesican also be considered.

hlts of heating exposure and cooling-profiles in an empty chamber;

hlts of alarm'tests including'.verification that they are functional and working accordin
ilizer specification;

W1t of-air-leakage tests;
1lts.of any steam qguality tests;
11ts of steampenetration tests;

1lts from PCDs which can contain physical sensors, biological indicators or chemical ing
bn Used;

ficult to
e to the
offer a
hemical

ion and

s increase. Failure to adequately dry a load after the sterilization phase can léad-to recontanpination

a non-

rice and
ould be

les;

b to the

icators,

results from air detectors, 1 used;

results of load dryness tests, if used.

a)
b)
c¢) Tha
ren|
temn
ind
d) Thd
ma
ong
F.9.3.1.
After in
routine
checked
Documé
a) res
NO’
b) res
0
d) res
stel
e) res
f) res
g) ~res
h). res
wh
i)
j)
NOTE 2

The documentation of b) and c) can be omitted if the sterilizer has been type tested according to an
appropriate standard(s), e.g. EN 285.
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F.9.3.2 The number of sensors used should ensure that sufficient data are recorded to demonstrate the
effectiveness of the process during 0Q. Experience has shown that for a typical health care facility load and

chambe

r volume (~ 4001), 5 to 12 temperature sensors may be sufficient. See Table F.1

Table F.1 — Suggested minimum number of temperature sensors required

Chamber 0Q PQ
volume (L)
<60 5 5
>61 Not less than 5 Not less than 5

For stel
require

F9.4

F9.4.1

predete]
reprody
of prod
load m
and loa
success
product

Advice
or steri

PQis pe
process
process
that rej
product
be used

The PQ
person
manage

Process|
and loa
and dod
affected

1l1zation 1n health care racilities other rationale may be used to establish the number of
.

Performance qualification (PQ)

The purpose of PQ is to demonstrate that the sterilization ‘process is ¢apable of ach
rmined SAL for the subject load on a repeatable basis for'routine operation. The efficie
cibility of the sterilization process and process parameters should be ’knowri.for the who
ict family(ies) and load configuration(s) that the sterilization process is intended to proc
st difficult to sterilize should be identified from the-range of medical devices, product
Hing configurations that the sterilizing process may-process and is established during P(
ful, the validation may then be deemed to be valid for other, cambinations from the whole 1
family(ies) and load configuration(s) that represent a lesser ¢hallenge to process.

bn characterizing product for difficulty to'sterilize shouldbe.available in either the medical d
izer manufacturer instructions for use, or both.

rformed as part of new installation, modification‘of existing equipment to deliver a new ster
when a service is changed, when new or madified products or product families are establ
and a change is proposed t0 SBS(s), load configurations or process parameters. PQ demo
eatability is obtained, by means of at least three replicate cycles and establishes that the
family(ies) can be processed, the performance requirements are met and that the tests thg
to verify the efficiency of the sterilization process remain valid.

knowledgeabie\in sterilization science and practices and appointed by the health care
ment.

controlthrough PQ(s)éstablished with reference loads that are representative of product
Hing configuration foutinely sterilized. For each reference load, acceptable tolerances are s
umented. For eohiposition of product families, see Annex G. The physical parameters can
by the typesiand amount of product in the sterilization cycle.

PO shofld alsodnclude a risk analysis for the handling of the sterilized product. Consideration

includes
risk ang

the transport and handling of the sterilized product from point of processing to the pati
lysis is initiated and approved by a responsible person.

SENSOrs

eving a
hcy and
e range
pss. The
families
). When
range of

evice(s)

lization
shed to
hstrates
defined
t are to

plan and tests arepart of the masterialidation protocol and is approved and signed by a responsible

facility

families
pecified
also be

for risk
bnt. The

The PQ

Is completed with traceable calibrated equipment. It Is advisable to seek assistance of internal or
external technical expertise with knowledge and experience with moist heat sterilization. The person
responsible for the validation processes provides the end user with a basis for ensuring that the products
are suitable for their purpose when used on a patient.

PQ procedures include establishing packaging materials, packaging techniques, labelling, traceability,
transport, storage and handling. Performance qualification by itself does not ensure a consistent process.
Routine monitoring is used to verify the process is used within the validation specification. Results of PQ
can also provide additional valuable criteria for product release (see F.11).

F.9.4.2

See F.8.4.
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See F.9.3.2 for information on sensors.

When biological indicators are used, they can establish evidence of lethality and satisfactory steam quality
to achieve lethality at specific positions in the chamber or load. When chemical indicators are used, they
establish evidence that conditions for sterilization were met at specific positions within the load. The
sterilizer, chemical indicator and biological indicator instructions for use can be consulted for information

on how

to correctly use the indicators.

When biological indicators or chemical indicators are used, either with or without a PCD, the.results should

be docu

F9.4.4

mented and retained.

Checks anthe results of DQ and associated documentation includes:

a) arg
rep

b) asj
c¢) dod

NO’
SBS
d) no
e) spe
NOT
tem|
f) spe
NOTE 3
immedid

prt;

ecification for all SBSs used and alignment to product family and load configuratiors;

'E1 Load configuration can include the types and number of items, loading pattern, orientation,
5 in use.

hdditional guidance;
cifications of any special pre-conditioning réequirements related to product or SBS [see F.9.4.

'E2 Some medical devices need pre-treatment such asvequilibration to atmospheric or other
perature and humidity.

cification of any restrictions to load'size or configuration based on IQ or OQ results.
Each sterilization cycle available on the steriliZer is'validated separately. For example, when an
te use process for single unpackaged instruments is available on the sterilizer, it is validated separate

ically does not include a pre-or post-vacuum phase.

If moisture remains on a medicaldevice, specific orientation and/or location can be necessary.

PQ tests.include the following:

s to denionistrate thatlimiting values for each process variable is delivered and meets the est3
cess defirition, a censtant level of pressure and temperature is obtained during the holding
process parametersfall within predetermined tolerances.

view of the results of IQ and 0Q, which along with PQ results will be inclided in the finalvalidation

umented identification of representative and product, product family(ies), loads apd load
conffigurations presenting the greatest challenge intended to beused duringirutine production;

location,

t b)];

specific

acute or
ly as the

blished
time or

E Holding-tiie is the time at which all sensors show that they (i.e. those within the load cha
rence measurement point) have reached the sterilization temperature.

cycle typ
NOTE 4
F.9.4.5
a) Tes
pro|
the
NOY
refe
bl Ad
stes
to g

should be within the specified tolerance to maintain the condition of the product and SBS.

c¢) Assessment of the temperature profile throughout load; heat penetration into each type of load is
determined either from the temperature measured within a number of medical device packages or in a
reference load. At least one temperature sensor should be situated adjacent to the temperature sensors
connected to the recording instrument, indicating instrument and controller. If a sensor or indicator
cannot be located at a position on a medical device known to be difficult to sterilize, the medical device
may be substituted by a different type of medical device or PCD dedicated for this purpose. The number
and the locations of the sensors to be used will depend on the type of load and the size of the chamber.
The sensors placed within the load should be located on or within those parts of the load configuration
and its individual items from which air is difficult to remove. Caution should be exercised when
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d)

f)

F.9.4.6 | No additional guidance.
F.9.4.7 | No additional guidance.
F.9.4.8 | No additional guidance.

F.9.4.9 | No additional guidance

F9.5 [Review and approval of the validation

ISO 17665:2024(en)

interpreting thermometric data from within hollow or porous medical devices capable of entrapping
air. Temperature measurement alone cannot differentiate between hot air and saturated steam. The
presence of saturated steam can be confirmed from the evaluation of the results from biological
indicators or chemical indicators, if used.

NOTE In most cases the holding time is the part of the operating cycle used to establish lethality.

The response of the chemical indicator. The chemical indicator instructions for use and colour change
reference examples should be referred to for the interpretation of the end point indication:

The response of the indicator inside a PCD instruction for use for interpretation of\the result. Local
or national recommended practices can contain requirements that apply to use of PCDs. If a biological
ind[cafor is used in the PCD, a positive control should be incubated according to the.instructiond for use.

Assessment of the SBS/product used for compatibility to the process and integrity post processing.

F.9.5.1 | The data and final validation report should be réviewed;.approved and signed by a responsible
person,|organizationally independent of those conducting the tests, preparing the report or responsible
for prodluction and knowledgeable in sterilization sciénce-and practices. It should also be revieyed and
approvéd by the health care facility management. The'completed validation report review verifies that:

— thereisaspecification for each'test used during.0Q and PQ, and that acceptance criteria for eachjtest has

F.9.5.2 |* The reportcan include:

Y
D)

)

d)
e)

f)

been met;

theltests are conducted routinely to/verify'that'the efficiency of the sterilization process remaing within
spefification, and that each test and its performance requirements have been derived from datq gained
durfing OQ, PQ and requalification if necessary;

the[product-family(ies) represented is one of the most challenging loads for sterilization; if a reqtriction
on presentation and/or.locdation has been identified, this restriction is reflected in the descriptign of the
loadl configuration.

no gdditionalMguidance;

no gdditional guidance;

the product family(ies) represented by one of the most challenging loads for sterilization has been
identified; the products and load configurations are defined;

the load configurations including any limits to load size or weight including total surface area;

any pre-conditioning requirements for the loads prior to processing in the sterilization cycle. After the
sterilization cycle the products, including their SBS, are dry and intact at the completion of the process;

a description of all validated SBSs, e.g. wraps, pouches, rigid container systems. Each should have been
tested with reference to the most challenging loads;
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g) if arestriction on presentation and/or location (e.g. orientation) has been identified, this restriction is

refl

ected in the description of the load configuration;

h) results from all tests including steam penetration, leak test, steam quality and appropriately responding
biological and/or chemical indicators (when used);

i) no additional guidance;

j) bioburden tests are not routinely carried out in health care facilities.

The reports can also include national guidance requirements and any additional product.release criteria
established during PQ.

F10
F.10.1

F.10.1.
routine
includes
and/or
and anyj

F.10.1.2

F.10.1.3

(physic
cycle w

F.10.2

The phy
parame

externjl process indicators [{type 1), should hdve reached their end point response indicating a pas
logical indicatots)used, including those used inside PCDs, should show no growth and therefore

Any bi
indicatg

F.10.3

utine monitoring and control
outine monitoring

Data for identifying limits for process parameters and acceptance criteriafor periodic t4
monitoring and control are determined from data obtainedfroim the tests\catried put during
physical parameters, thermometric data and data froin the results frem. any chemical in
biological indicators placed in the locations that are difficult for thé sterilizing agent to gai
other tests used.

No additional guidance.

The results of all indicators used for routine monitoring and control of the sterilization

hs accomplished:

Operational status

sical monitors will indicate that the cofrect sterilization cycle was carried out and that the e
ters for temperature.and holding titme. were achieved. Any chemical indicators used, if

a pass result!

Process verification

system
reliabili

Any fau‘lllt indication, failure'message and further relevant information provided by the routine mo

Afaitur

F.104

during the cufrent cycle should be evaluated with respect to possible detrimental impac
y of the proeess according to the recommendation in the sterilizers instructions for use.

e message/may indicate the need to quarantine the load until investigated and resolved.

sts and
PQ. This
licators
N access

process

hl monitors, chemical indicators and biological indicators).should demonstrate a successful operating

kpected
cluding
5 result.

hitoring
f on the

Evaluation of additional data for saturated steam sterilization processes

The cycle parameters should be examined to confirm that the intended sterilization cycle was selected and
successfully carried out. Key information to assess includes the correct air removal process (gravity or
dynamic air removal; the number of air removal pulses including pressure set points), the sterilization stage
temperature and holding time, the vacuum level attained and time of the drying stage. The results of air

leakage

tests and the daily Bowie and Dick type test should be considered for pre-vacuum cycles.

The daily steam penetration test such as a Bowie and Dick type for dynamic air removal sterilizers will
judge the effect that residual air and NCG has on the efficiency of the sterilization cycle and is typically used
in an otherwise empty chamber.
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If the Bowie and Dick test is used, the user should verify if the Bowie and Dick test should be run in a specific
validated cycle for its purpose.

NOTE1 An extended conditioning phase will prevent the Bowie and Dick test from detecting residual air and NCG.
The steam penetration test is designed to assess the ability of the sterilization cycle to effect air removal and rapid and
even steam penetration into the load. Use of special test cycles such as one in which the air removal stage is different
to that which will be employed in the production cycle can give erroneous results, i.e. the special test cycle provides an
acceptable result, but the sterilization cycle is inadequate.

Routine monitoring activities include, when appropriate:

a) areview of the time at or above the sterilization temperature as noted on physical parameter data or
prigted-eharts;

b) argview of the cycle record to confirm that the correct cycle was run and thatthe process.parpmeters
were correct;

¢) no qdditional guidance;

d) conffirmation that all air removal or steam penetration tests (when used), including chemical inflicators
and/or biological indicators, including those contained in a PCD;\indicate a passresult;

NOTE 2  Other types of steam penetration tests can be used. Refer to applicable inistructions for use.
e) no qdditional guidance;

f) assessment that the load has sufficiently cooled; that all the packages are undamaged, dry, cprrectly
labg¢lled and that the process chemical indicators (if used).onh.each pack have reached their end point
response.

A periofic review of records should be catried out to ensure.the equipment calibration and equipment
maintenance requirements have been coinpleted according to-policies and procedures and the stdrilizer’s
instructions for use.

F.10.5 [Not typically applicable tohealth care processes:

F.10.6 [Local, national and-facility guidelines for record retention policy, regulation and timefram¢ should
be taken into consideration.

F.11 Product reiease from sterilization

Product release procedurésyand' acceptance criteria for test results can be defined. Some examjples can
include

a) thelsterilizer’s physical parameters indicate acceptable results;

b ‘restilts from'a’daily Bowie and Dick type air removal test are satisfactory;

) bio1ogica1 indicators contained within a PCD do not show growth when incubated;

d) other steam penetration tests show a satisfactory result;
e) when inspected, SBSs are dry and intact.

Product release can only occur after the defined product release verification procedures have been
successfully performed.

Product release documentation needs to include confirmation that the sterilization process acceptance
criteria were met and that traceability of individual loads is possible (e.g. by attachment of batch numbers
to individual packages). Procedures should describe the release criteria including the requirement that
sterilizer printouts are verified and approved and that chemical indicator and biological indicator results
are documented.
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A sterilization process that fails to meet any of the acceptance criteria (see examples above) for product
release, should result in quarantine of the load and removal of the sterilizer from use until the cause of
the failure is identified, corrective action taken, and any identified requalification has been appropriately
completed (e.g. conducting an air leakage flow rate test). The investigation can result in a decision to recall
already released load(s)/ products up to the date when the last successful process was carried out.

F.11.1 The policies and procedures of the health care facility and national and local regulatory requirements
should be taken into consideration when preparing documentation relating to the sterilization process and
the load contents. Traceability of the load contents to the point of use including to the patientifsspecified per
the policy and procedures of the health care facility and regulatory requirements should‘be‘maintained. A
recall procedure should be established., in the event that a sterilization process is subsequently deemed to
be inad¢quate based on monitoring results or procedural review.

An audif trail for equipment, product and sterilization process should be in placé€. For example,\the sterilizer
should be fit for purpose and this should be noted on the release documentatiomifapplicable. This declaration
should lpe based on and include confirmation of:

— sucfessful scheduled equipment maintenance;
— confformity to the performance requirements for the current.periodic tests and routine tests;
— no ¢hange to the steam supply system and other services;

— confformity to the performance requirements for routine processing-has been met for recent prdduction
cycles.

F.11.2 [The markings or labelling on each pack orproduct/ medical device should enable:

— identification of the date of the sterilization process and if'applicable an expiry date;
— identification of the pack contents;

— identification of the load number.indicating the'sterilizer used and the cycle;

— identification of the person who assembled'the package (when applicable);

— conffirmation of conformance with the*facility policy and any product release requirements estgblished
in an electronic tracking or traceability system.

F.11.3 [[dentificafion of item a5 /processed’ is commonly some form of visible indicator attached to the
outside of the package unlessthe indicator is integrated on the package, e.g. pouch.

F.12 Maintaining procéss effectiveness

F.12.1 {If an existing sterilization process is to be used to treat either a new medical device orloading
conifigufation, or both, conformity to the performance requirements established during the original or
subseqyent\0Q should be verified before PQ is carried out. This may be done by reference to data dbtained
during foutine processing and/or periodic tests or by a repeat of 0Q.

Whenever new equipment is installed, existing equipment is modified to deliver a new sterilization cycle,
or a service is changed, the sterilizer manufacturer, or the party having responsibility for the sterilization
process, should assess the need for the repetition of operational and/or PQ studies. Modifications to the
sterilization process that can affect efficacy include for example changes to process parameters.

F.12.2 Demonstration of continued effectiveness

F.12.2.1 No additional guidance.
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F.12.2.2 The health care facility’s policies should describe recommended tests, sensor calibration schedules,
equipment maintenance schedule and tasks, including required parts replacement and requalification tests
(see F.12.5, Table F.2).

F.12.2.3 No additional guidance.

F.12.2.4 The steam penetration test is designed to assess the ability of the production process to effect air
removal and rapid and even steam penetration into the PCD. The success of a steam sterilization process
depends on the combination of the sterilizer, process, load, load configuration and SBS..If the"sterilization
process relies on the removal of air from the chamber and load in order to achieve rapid arid even penetration
of steam into the load, a PCD should be used in every production cycle of the sterilizer [see 10.4 d)] to
establish the adequacy of air removal and steam penetration. The PCD should be proven to have.d known
relationship to the load with regard to air removal and steam penetration.

F.12.2.3 No additional guidance.

F.12.2.6 Not typically applicable to health care facilities.

F.12.3 Recalibration

Calibrafion and recalibration of the sterilizer sensors should bhe conductedacearding to the recommerndations
provideld with the sterilizer and advice provided by professional servicé support as documentegl in the
health dare facility policy and procedures.

Procedyres can require verification of calibration’of each sensor'andiis associated measuring and inflication
or recoiding equipment (the measuring chain). Calibration sheuld be.carried out:

— atspecified intervals, typically annualiy;
— aftgr unscheduled equipment maintenance or repairof-the sensor and/or associated equipment

— ifthjere is evidence of inaccuracy of the sensor or associated equipment.

F.12.4 [Equipment maintenance

Equipment maintenance or changes to a service, such as a central steam generator, should be notifidd to the
user be¢ause, for example, changes.to the-water treatment to a boiler can cause the level of non-condensable
gas, mojisture and/or chemical contamiiiants to exceed the specified maximum. Such changes should be
assessefl for their impact op~creating a non-conformity with the process specification and if negessary,
correctjve action taken and’documerited.

Policy and-precedure should be established for equipment maintenance. The recommerndations
with the-~sterilizer and professional service support should be consulted. All eqhipment
maintefjance should only be performed by trained and qualified service personnel.

F.12.4.2 Noadditional guidance.

F.12.4.3 No additional guidance.
F.12.5 Requalification

F.12.5.1 Requalification should be completed at frequencies provided with the sterilizer information and
professional service support and is performed to confirm that process changes have not compromised the
effectiveness of the sterilization process and the data acquired during validation remains valid. Typically,
requalification is performed annually or according to local or national standards and health care facility
policies and procedures.
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F.12.5.2 An example is provided in Table F.3 of a test schedule for validation and periodic test for large
steam sterilizers. Operational requalification may repeat some or all of the OQ tests based on a change that
can impact process and reproducibility.

Performance requalification is a repeat of a PQ study for at least one of the loads routinely processed and
for which PQ records are available. If the values established are within the same limits as in the original
validation study or in the preceding requalification study, reproducibility should be deemed to be acceptable.

Operational requalification is performed after any major repairs. See F.12.5 and Table F.2.

Performance requalification is performed due to changes that can include materials, packaging, etc. which
potentially or is suspected to have affected the necessary sterilization parameters.

To faciljtate the comparison of PQ and performance requalification data, test data,'should be pres¢nted in
the samle format as used in the PQ report.

[t can b sufficient to analyse only a reduced number of sterilization cycles of the procéss producft family
and/or Joad configurations if no changes have been made since the last.PQ. Reproducibility may|be able
to be agsessed by comparison of the repeat cycles with previous processrecords. However, in the pvent of
deviatigns from previous validation, the full PQ should be repeated.and documented:

Repeat PQ demonstrates and documents the following:
a) thelproducts are loaded into the sterilizer as defined;
b) thelsterilization conditions are achieved throughout the load;

c¢) the|measurements from the sterilizer’s physicaliparametefirecording and the physical measurements
taken using independent recording systems.isaligned;

d) the|packaging, the load carrier, and the'products aredfitact and dry;

e) the|planned maintenance and petsonnel trainjing* pregram have been implemented and docymented
thrpughout the year;

f) inc¢ming steam is of satisfactory quality and water treatment meets specification;

g) the|products and loads sterilized conform with previous documentation and results of estgblished
roufine monitoring including biological indicator and chemical indicator results if used in grevious
qudlification or routine monitorihg.

F.12.5.3 The effect of equipment maintenance activities on the process should be evaluated. A sufgcessful
repair should be confirmedby’requalification.

of the equipment in operation, quality of the steam provided and practical knowledge of the departmental
processes and procedures. Consultation with a quality control department representative and an infection
prevention professional is also advisable.

If biological indicators are used during requalification, their performance should present a similar
challenge to those used during operational and PQ. Use of biological indicators which have a significantly
different microbial population or D value can result in a challenge which is greater or less than that used
during validation. If a biological indicator is used during requalification which has significantly different
characteristics, then this should be justified and documented. ISO 11138-3 identifies minimum requirements
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for population count and D value but does not specify maxima, however the information accompanying the
biological indicator will specify these values.

NOTE With the approach shown in B.4, the sterilization time varies depending on the D value and the number of
the biological indicator used. Therefore, it is necessary to pay attention to the selection of biological indicators when
conducting microbiological requalification.

Requalification frequency period may be reduced depending on inconsistency factors that affect sterilization
performance. These factors can be analysed based on the assessment of changes (see 12:5). Table F.2
provides some examples with common recommended actions.

F.12.6.2 No guidance offered.
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Table F.2 — Assessment of change examples

. Requalification

Assessment of change examples and suggested actions 00 PQ
a) Replacement of a part which could cause a process parameter to change;

1) Temperature sensor replacement - calibrated after substitution (required) N/A N/A

2) Replacement or repairs of solenoid valves and actuators X X

3) Major replacement of solenoid valves or actuators X Xa
b) Replacement of a part which could cause an increase in leakage into the chamber;

1) _ Door gasket X N/A

2)| Replacement or repair of solenoid valves or actuators X X
c¢) Variation of homogeneity in the chamber;

1)| Increase in thg difference betweer} maximum.a.nd rpinimum temperatures during X xa

exposure (maximum Tolerance equipment specification or 0Q/PQ recdrds)
2) Regi;t_ered pressure ma'ximum and minimum during expgs:ure_above orbelow previgus X xa
qualified records (maximum Tolerance equipment specification.610Q/PQ records)

3)| Non-condensable gases (NCGs)Mixture tolerance changes ini.the process X Xa
d) Nef or modified software and/or hardware;

1) | Software update X Xa

2)| Controller (partial or total) replacement X X
e) Anly change to a process parameter;

1) | Exposure temperature and/or duration timeincrease X X

2)| Drying phase duration increase or decrease X

3)| Conditioning phase pulse quantities.and/or levels X
f)  Anly change to services and the outcome of equipment maifntenance on a service;

1) | Calibration error above previcus-calibrated certificate X Xa

2)| Steam generator replacement (if fitted) X Xa

3)| Sequential wet loads eCcurrence X Xa
g) Anly change of the SBS orprocedures used;

1) | Same sterile barrier but from different supplier X

2)| Replacement of sterile barriertypes X

3)| Addition ofinew sterile barrier X
h)  Anly charigeofload configuration;

1) | Increase maximum-oad limit X

2) |~ New cart supports or shelves X

3)| New contentlocation X
i}~ “~Anly change.of/product manufacturing processes, product materials or source of materials

or Hesign.of product.

1) | Addition of a new medical device to be sterilized X

2) —Mtatertatchanges i the medicat device, product Supports and boxes X
a  Ifthe requalification is within previous qualification results and tolerance this step in not required.
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Table F.3 — Routine monitoring and control of sterilizing equipment in a health care facility

Application Saturated steam sterilization pro- |Reference
cess

Steam penetration test for every Can be performed on every load 10.4 d), e)

operating cycle

Periodic steam penetration test (e.g. |Can be performed every day 10.2 d)

Bowie and Dick test)

Temperature Measured for every load 10.4b), ¢)

Pressure Measured for every load 10.4b), ¢)

Time Measured for every load 104 a)

Air leakpge flow rate test Measured at specified intervals 10.2 a)

Product package integrity Each load, item can be inspected 10.4 f)

Process|exposure indicator, system |Used on each load item 11.3

for contfol and identification of pro-
cessed dnd unprocessed loads/items
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Annex G
(informative)

Guidance on the designation of a medical device to a product family

and processing category for sterilization by moist heat

G.1 Classification

G.1.1 |General

G.1.1.1| This Annex describes fundamental principles of classificatiomof medical -déevices inter
sterilizgtion by moist heat into product families. These principles are applicable for‘industrial ster
(e.g. pefformed by a manufacturer of a medical device delivered.sterile) or for sterilization as p
processjing process (e.g. performed in a health care facility) as well’as for demonstration of the su
of a medlical device for sterilization intended for processing (as specified by/the scope of ISO 17664-
The guiflance given in this Annex relates only to sterilization by moist heat:

G.1.1.2| Each medical device intended for moist heat sterilization Should be classified using
attributes.

The applicable classification criteria relate to.the medical \device.itself and to the applied SBS
packaging system including applied label(s).

G.1.2 |Attributes

G.1.2.1| General

ded for
lization
art of a
itability
1:2021).

belected

and/or

It is kndwn that at least the attributes shown inG.1.2.1 to G.1.2.6 will significantly influence the outjcome of

sterilizgtion by moist heat.

The prdcess variables for a moist heat sterilization process are exposure time at a specified temp
in the presence of'moisture. The(degree of air removal and steam penetration will influence the p
of moisfture on-surfaces which-need to be sterilized. Thermal resistance to heating will influe
attainment of tlie'temperature required to achieve sterilizing conditions assuming moisture is pres
removal, steam penetration-and thermal resistance are factors which should be considered.

The stepm penetrationvresistance will be different for each design when air is to be removed and j
by moigt heat. Thé thermal resistance to heating will also be different for each design when a st{
tempergture is\required on surfaces to be sterilized. The following aspects are relevant for ¢
sterilizgtion by:moist heat:

erature
resence
nce the
ent. Air

eplaced
prilizing
ffective

— a SBSand labelling which does not impede the flow of air out of and steam into the packaged pr¢duct so

enabling air removal and moist heat access without significant delay;

— medical device design which enables rapid removal of air and replacement by moist heat onto surfaces

and into cavities which need to be sterilized;

— sufficient temperature on inner surfaces in order to avoid excessive condensation;

— moist heat access to all outer and inner surfaces (e.g. not hindered by some types of lubrication);

— the thermal mass and thermal conductivity of the material(s) of which the device is manufactur
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— the presence of narrow channels or cavities surrounded by material of low thermal conductivity which
can allow condensate build up thereby retarding thermal penetration.

Dependent upon the applied operating cycle (see Annex D) some of the listed attributes (e.g. mass) can be
more relevant than others. This can be the case when considering the differences between passive and
active or dynamic air removal saturated steam sterilization processes. Specific medical devices can require
consideration of additional or alternative attributes. The attributes described in G.1.2.1 to G.1.2.6 are not
listed in any particular order of effect on the ability of a medical device to be sterilized by moist heat and
each is judged for its challenge to sterilization when creating product families.

G.1.2.2 Design of the medical device

The dedign will influence the access and the removal of moist heat, e.g. the steam penetration, registance
will be [different for each design when air is to be removed and replaced by moist heat. Thefollgwing in
combination with aspects of weight/density (see G.1.2.4), material (see G.1.2.5}.and surface treatmient (see
G.1.2.6)[should be considered when assessing the medical device design:

— sonpe geometric aspects will prevent or hinder access and removal of moist heat;
— sonpe geometric aspects will prevent or hinder replacement ofair by steam;

— sonpe geometric aspects will increase the risk of condensdtion and theréfore'retardation of air femoval
and / or thermal penetration.

Along with other aspects, the attributes in Table G.1 can be considered:

Table G.1 — Attributes of medical deviceldesigii— Examples

Design attribute More critical |Less critical

Cavities and channels | The published literature is,dontradictory. PQ should always be considered
vithin instruments for anysinstrument having a cavity or channel whether open or closed
ncluding open ended ended:-Allfactors assocCiated with cavities and channels are evaluated
Cylindrical cavities, including material type;wall thickness, length.

Flosed (blind) ended See G.4 for furtherinformiation.

Cylindrical cavities.
Complex cavities

Cock / tap / spigot — wider-overlapping — smaller overlapping
—~higherpressure resistance — lower pressure resistance
— specificposition forsterilizatior]
oints —_ wider overlapping — smaller overlapping
— washer between — no washer
ball bearings — greater volume inside/ — smaller volume inside/
smaller access area greater access area
— ball tightens the volume inside|— ball does not tighten the volums
during sterilization inside during sterilization
TasKets ——wider overtapping ——STater overtapping
— Dbetter tightening — looser tightening
— no movement possible during|— movement possible during
sterilization sterilization
NOTE Instructions for specific procedures (e.g. open position, specific orientation) can assist sterilization and

can be considered for assessment of the geometric design (see References [72] and [73]).
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G.1.2.3 Design of packaging

The packaging design influences the access and the removal of moist heat. For example, the steam
penetration resistance will be different for each design when air is to be removed and replaced by steam.
The following, in combination with aspects of weight/density (see G.1.2.4) and material (see G.1.2.5) as
well as some aspects of surface treatment (see G.1.2.6), should be considered when assessing the packaging
design:

— some aspects will prevent or hinder access and removal of moist heat;

— some aspects will prevent or hinder replacement of air by steam.

NOTE InStructions for specifit procedures (8.8 OpEeIT pOSItioN, SPECH T OTTentation) Tam assist Stertization.

Rigid sterilization containers will add additional complexity when assigning product families deperjding on
their defsign, for example whether they use single use or reusable filters or valve-based systems-to erable air
removal and steam entry. The size of air removal and steam entry ports should-be consideted (see Taple G.2),
but canhot be the sole arbiter when assigning to a product family. Users,cannot migrate.to a rigid cgntainer
SBS froin flexible SBSs without a reassessment of product family assignnients.

Along with other aspects, the attributes in Table G.2 can be considered.

Table G.2 — Attributes of packaging design — Examples

Attribute More critical Less critical
Porosity — lower == /higher
bhare of porous packag- |— greater volume/ + _..smaller volume/
ng part smaller access area (porous greater access area (porous
packaging part)? packaging part)?d
— greater label on the perous part|— smaller label on the porous par
of the packaging of the packaging
[ype of porous packag- |— ~high weighted~{g/m?)-paper or|— low weighted (g/m?) paper
ng part non-woven fabric
— thinner packaging nonwover
— thickernonwoven fabric fabric
— sterilization container with less/|— sterilization container with
small openings more/large openings
Additional itiner protec- | —\-with inner protective packaging |— without inner  protective
ive packaging packaging
— . [lower porosity
— higher porosity
Duter protective pack-~ |— with outer protective packaging |— without outer  protective
hging packaging
— lower porosity
— higher porosity

In\seme regions this is termed the vent-to-volume ratio.

G.1.2.4 —Weight/density

The weight of a medical device, or part of a medical device (if sterilized separately), or for a collection of
medical devices grouped into a single SBS and/or packaging system, can have significant influence on the
amount of condensate and its effect on steam penetration and thermal penetration (and by consequence the
extent of the required time for heat-up, exposure and/or cooling/drying).

NOTE1 Comparison of the parameter weight is only permitted if the medical devices are made out of the same
material or made out of materials having comparable heat capacity and heat transfer coefficient.

© IS0 2024 - All rights reserved

120


https://standardsiso.com/api/?name=dfa5bf4cf2ea3bf41ecff231525b98ec

ISO 17665:2024(en)

NOTE 2  The higher the mass of the device(s) to be sterilized, the higher the amount of condensate and hence the
amount of NCGs in the close vicinity of the device(s). The NCGs can form an insulating layer inhibiting further direct
condensation on the outer or inner surface(s) of the device(s) and hence a lower than necessary amount of energy

released through condensation for effective heating and inactivation of microorganisms. Considerations regarding
this effect are advisable.

Along with other aspects, the attributes in Table G.3 can be considered.

Table G.3 — Influence of weight — Examples

Attribute More critical Less critical

Weight of a medical greater lower
Hevice

[he thermal mass sur- greater lower

rounding a cavity in a
medical device

[he thermal conductiv- lower greater.
ty surrounding a cavity
n a medical device

Weight of the complete greater lower
bterilization container

Weight of the load greater lower

G.1.2.5| Material

MateriTS with low thermal conductivity exhibit higher temperature.ditferences throughout the material
when c¢mpared to materials with high thermai.conductivityBoth types of material present chall¢nges to
the sterilization process. The moisture content of the material can also influence the heat transfer finto the
medical device. This should be taken into‘account during PO with'the material in its most challenginlg state.

When cpmpared to materials with low thermal condiictivity, materials with high thermal conductiyity and
equal h¢at capacity do the following;

— initjially generate more condensate in a given time period;
— absprb and release energy faster;
— attgdin a state of equilibrium faster.

Along with other,aspects, the attributes in Table G.4 can be considered.

Table G.4 — Influence of material — Examples

\tiribute More critical Less critical

[hermal eonductivity |— lower (e.g. plastic material) — greater (e.g. metals)
solation properties — greater (e.g. metals) — lower (e.g. plastic material)
Material thickness — greater — lower

Matertal poresity lewrer greater

G.1.2.6 Surface treatment

The type and amount of an applied surface treatment can have an influence on the heat transfer to the
medical device and/or moist heat access to the medical device surface.

Along with other aspects, the attributes in Table G.5 can be considered.
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Table G.5 — Influence of surface treatment — Examples

Attribute More critical Less critical

Lubrication — with — without

Type of lubrication — silicone oil — paraffinic white oil

— grease

Amount of lubrication |— greater — lower

Type of coating — plastic material — inorganic, carbon

Thickness of coating — greater — lower
NOTE The aspects type and thickness of coating can apply to porous packaging materials as well.
G.2 (lassification systems

In practfice different types of classification systems, each with advantages and disadvantages, are us

NOTE

delivere
a health
specified in the scope of [SO 17664-1) application of different classification systems-can be réquired.

The rat
applied

fun
infd
dod

res

G3 P

The pro|
ones sh

For validation of sterilization in industrial settings (e.g. perforined by a manufaeturer of a medic

care facility) or validation of the suitability of a medical device for sterilization intended for proce

should be documented. The rationale can be assisted by, butnot restricted to:
damentally accepted information given by this document{rother standards;
rmation given in published literatureg;

umented experience;

hlts of comparative studies.

roduct family

duct families towhich a medical device is assigned should be based on attributes identified f
bwn in Table G.1 considering the following rules (if applicable but not limited to):

apply one productfamily onlyto medical devicesintended foridentical or directly comparable ster

pro|
cyc

cesses:(considering type of moist heat sterilization process, sterilizer and operating cycle as
e parameters);

ap

ly.one produetfaniily only to medical devices with the same types of attributes;

if afdirect ranking of two aspects of an attribute is not possible, apply two different product fanj
both aspects 0f that attribute;

co

ed.

hl device

1 sterile) or validation of sterilization as part of a processing process (e.g. performed by a processing unit in

Ksing (as

ionale for the selected and applied classificatien.system and~the discrete classification levels, if

rom the

lization
well as

ilies for

iderthe number or aspect of the same attribute type occurring on the product family.

G.4 Documentation

G.4.1 General

Documentation should illustrate the type and status of the attributes applicable to each medical device or
group of directly comparable medical devices, as well as the allocation of each medical device, or group of
directly comparable medical devices, to a product family.

NOTE

Similar medical devices with identical attributes except one aspect of one attribute, e.g. a different length,
can be covered by the medical device with the worst-case aspect with respect to this attribute, e.g. the greatest length.
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Instruments with channels and cavities

advances in surgical techniques, instruments with complex geometries, e.g. hollow devices, are

becoming increasingly employed. Such instruments pose challenges to decontamination processes including
moist heat sterilization, and in particular, the adequacy of air removal and steam penetration. Air removal
and steam penetration is affected by several factors. Some examples can include but are not limited to the:

a) physico/chemical conditions in the usable chamber space;

b) load characteristics;

¢) load configuration including the SBS used;

d) chafracteristics of the sterilization cycle.

The di
penetr

eter and length alone do not account for all the issues related to.air'removal from, angl steam
ion into, channels in medical devices. The conclusions in the published.literature ©n the air femoval

from, afpd steam penetration into channels and cavities, are in part conflicting (e.g. see‘References [[55] and

[69]). P

channel whether open- or closed-ended.

G.4.3
and st

An exarn
is show
also prd

should be considered for any instrument or instruments of a-similar design having a cpvity or

xample of a classification system for identifying the level of chailenge to air renoval
am penetration posed by medical devices

hple of a classification system identifying the level of challenge to dir'removal and steam pengtration
hin Table G.6. Additional information and pubiished referencésused to support the classificdtion are
vided:
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