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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through 
ISO technical committees. Each member body interested in a subject for which a technical committee 
has been established has the right to be represented on that committee. International organizations, 
governmental and 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 maintenance 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 rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 198, Sterilization of health care products, in 
collaboration with the European Committee for Standardization (CEN) Technical Committee CEN/TC 204, 
Sterilization of medical devices, in accordance with the Agreement on technical cooperation between ISO and 
CEN (Vienna Agreement).

This first edition cancels and replaces ISO 17665-1:2006, ISO/TS 17665-2:2009 and ISO/TS 17665-3:2013, 
which have been technically revised.

The main changes compared to the previous editions are as follows:

—	 combined ISO 17665-1, ISO/TS 17665-2 and ISO/TS 17665-3 into a single standard.

A list of all parts in the ISO 17665 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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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; inevitably this 
means that there is always a finite probability that a microorganism can survive regardless of the extent 
of treatment applied. For a given treatment, the probability of survival is determined by the number and 
resistance of microorganisms and by the environment in which the organisms exist during treatment. It 
follows that the sterility of any one product in a population subjected to sterilization processing cannot be 
ensured and the expression of sterility of a processed population is defined in terms of the probability of 
there being a viable microorganism present on a product item.

The process variables for a moist heat sterilization process, i.e. those which contribute towards microbial 
lethality, are exposure to adequate temperature for a prerequisite time in the presence of moisture. Moist 
heat sterilization 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 steam, steam 
mixed with 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 theoretical state 
in which water and vapour are in equilibrium and that no other gases are present. In practice theoretical 
saturated steam state conditions are not achieved. Mixtures of steam and NCGs, albeit in very low levels, will 
be supplied to the sterilizer and employed as the sterilizing agent, moist heat.

This document describes requirements that, if met, will provide a moist heat sterilization process intended 
to sterilize medical devices, which has appropriate microbicidal activity. Furthermore, conformance with 
the requirements, ensures this activity is both reliable and reproducible so that predictions can be made, 
with reasonable confidence, that there is a low level of probability of there being a viable microorganism 
present on product after every sterilization process is complete. Specification of this probability is a matter 
for regulatory authorities and can vary from country to country (see, for example, EN  556-1 and ANSI/
AAMI ST67).

Generic requirements of the quality management system for design and development, production, 
installation and servicing are given in ISO  9001 and particular requirements for quality management 
systems for medical device production are given in ISO  13485. The standards for quality management 
systems recognise that, for certain processes used in manufacturing, the effectiveness of the process cannot 
be fully verified by subsequent 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 sterilization 
process is monitored routinely, and the equipment is maintained.

Exposure to a properly validated, accurately controlled, monitored and recorded sterilization process 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;
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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 associated with the process 
of moist heat sterilization are performed properly. The requirements are the normative parts of this 
document with which conformance is claimed. The guidance given in the informative Annexes is not 
intended as checklists for assessing conformance with the requirements of this document. The guidance in 
the informative Annexes is intended to assist in obtaining a uniform understanding and implementation of 
the requirements in this document by providing explanations, rationales, examples and methods that are 
regarded 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 conformance with the requirements of this 
document.

The development, validation and routine control of a sterilization process comprise a number of discrete 
but interrelated activities, e.g. calibration, equipment maintenance, product definition, process definition, 
installation qualification (IQ), OQ and PQ, during which, along with other characteristics, compatibility 
of product and materials will be ascertained. While the activities required by this document have been 
grouped together and are presented in a particular order, this document does not require that the activities 
be performed in the order that they are presented. The activities required are not necessarily sequential, 
as the programme of development and validation can be iterative. It is possible that performing these 
different activities will involve a number of either separate individuals or organizations, or both, each of 
whom undertake one or more of these activities. This document does not specify the particular individuals 
or organizations who are responsible for carrying out the activities.

The requirements of this document are applicable to all settings where moist heat sterilization of medical 
devices is carried out. However, this document or part of it can be applied to the moist heat sterilization of 
other products.

Medical devices processed in an industrial setting can, in certain circumstances, be manufactured using 
standardised processes that result in product with a known and controlled bioburden prior to sterilization. 
Medical devices processed in health care facilities can include a wide variety of product with varying levels 
of bioburden. Appropriate and thorough cleaning and, where necessary for safe handling, decontamination 
processes, are used prior to presenting product for sterilization. Mixed product loads are common in 
facilities reprocessing medical devices with throughput volumes dictated by historical and predicted 
demand for sterile product.

Annex  A provides guidance on the principles of moist heat sterilization and provides a rationale for the 
requirements. Specific guidance for health care facilities is given in Annex F and for industrial applications, in 
Annex H. The numbering and structure of the clauses in Annex F and Annex H correspond to the numbering 
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.
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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	 Scope

This document provides requirements for the development, validation and routine control of moist heat 
sterilization processes for medical devices. It also contains guidance which is intended to explain the 
requirements set forth in the normative sections. The guidance given is intended to promote good practice 
related to moist heat sterilization processes according to this document. The application within industrial 
and health care settings is considered.

1.1	 Inclusions

Moist heat sterilization processes covered by this document include, but are not limited to:

a)	 saturated steam sterilization in which air is removed by passive purging (gravity displacement 
principle);

b)	 saturated steam sterilization in which air is removed by active air removal (dynamic air removal, pre-
vacuum/fractionated vacuum principle);

c)	 contained product sterilization in which heat transfer is achieved by steam or steam-air mixtures;

d)	 contained product sterilization in which heat transfer is achieved by water sprays;

e)	 contained product sterilization in which heat transfer is achieved by water immersion.

NOTE 1	 See Annex D where the processes are explained further.

NOTE 2	 Although the scope of this document is limited to medical devices, it specifies requirements and provides 
guidance that can be applicable to other health care products and industrial applications.

1.2	 Exclusions

1.2.1	 This document does not specify requirements for development, validation, and routine control of 
a process for inactivating the causative agents of spongiform encephalopathies such as scrapie, bovine 
spongiform encephalopathy and Creutzfeldt-Jakob disease.

NOTE 1	 See ISO 22442-1, ISO 22442-2 and ISO 22442-3.

NOTE 2	 Specific regulations have been produced in particular countries for the processing of materials potentially 
contaminated with these agents.

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

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 556-1 or 
ANSI/AAMI ST67.

1
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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	 There can be applicable national or regional regulations for operational safety.

2	 Normative 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 latest edition of the referenced document (including any amendments) applies.

ISO 11138-1:2017, Sterilization of health care products — Biological indicators — Part 1: General requirements

ISO 11138-3:2017, Sterilization of health care products — Biological indicators — Part 3: Biological indicators 
for moist heat sterilization processes

ISO 11140 (all parts), Sterilization of health care products — Chemical indicators

ISO 11607-1, Packaging for terminally sterilized medical devices — Part 1: Requirements for materials, sterile 
barrier systems and packaging systems

ISO 11607-2, Packaging for terminally sterilized medical devices — Part 2: Validation requirements for forming, 
sealing and assembly processes

ISO  11737-1, Sterilization of health care products — Microbiological methods — Part 1: Determination of a 
population of microorganisms on products

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

3	 Terms and definitions

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

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1
air detector
device designed to detect the presence of non-condensable gases in the chamber or in a stream of steam and 
condensate

[SOURCE: ISO 11139:2018, 3.9]

3.2
automatic controller
device that directs the equipment sequentially through required stages of the cycle in response to 
programmed cycle parameters

[SOURCE: ISO 11139:2018, 3.18]

3.3
bioburden
population of viable microorganisms on or in a product and/or sterile barrier system

[SOURCE: ISO 11139:2018, 3.23]
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3.4
biological indicator
test system containing viable microorganisms providing a defined resistance to a specified sterilization 
process

[SOURCE: ISO 11139:2018, 3.29]

3.5
calibration
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: ISO 11139:2018, 3.31]

3.6
chamber
part of equipment in which a load is processed

[SOURCE: ISO 11139:2018, 3.36]

3.7
chemical indicator
test system that reveals change in one or more pre-specified process variables based on a chemical or 
physical change resulting from exposure to a process

[SOURCE: ISO 11139:2018, 3.43]

3.8
conditioning
treatment of product prior to the exposure stage to attain a specified temperature, relative humidity, or 
other process variable throughout the load

[SOURCE: ISO 11139:2018, 3.58]

3.9
contained product
load for which the ambient media within a chamber do not come into direct contact with the item to be 
processed

Note 1 to entry: The environment within the sterilizer is used for heating and cooling purposes only, not for achieving 
the sterilization effect, e.g. a solution in a sealed bottle.

3.10
contained product sterilization
validated process where indirect contact of a heating medium on the external surfaces of contained product 
is used to create moist heat internally to achieve the specified requirements for sterility within the contained 
product

Note 1 to entry: The environment within the sterilizer is used for heating and cooling purposes only, not for achieving 
the sterilization effect, e.g. a solution in a sealed bottle.

[SOURCE: ISO 11139:2018/Amd1:​2024, 3.332, modified — Note 1 to entry added.]

3.11
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.

[SOURCE: ISO 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
cycle parameter
value of a cycle variable including its tolerance used for control, monitoring, indication, and recording of an 
operating cycle

[SOURCE: ISO 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
D10 value
time or dose required under stated conditions to achieve inactivation of 90 % of a population of the test 
microorganisms

Note 1 to entry: For the purposes of this document, D value refers to the exposure period necessary to achieve 90 % 
reduction.

Note 2 to entry: The definition of D value assumes that a plot of log10 of population versus time of exposure is linear 
within accepted tolerances.

[SOURCE: ISO 11139:2018, 3.75, modified — Notes to entry have been added.]

3.16
development
act of elaborating a specification

[SOURCE: ISO 11139:2018, 3.79]

3.17
equilibration time
period between the attainment of defined sterilization process parameters at the reference measurement 
point and the attainment of the specified sterilization process parameters at all points within the load

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

Note 2 to entry: Equilibration time is 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]

4
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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 a specification 
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 results chain, processes, contextual factors and causality using appropriate criteria. An evaluation provides 
credible, useful evidence-based information that enables the timely incorporation of its findings, recommendations 
and lessons into the decision-making processes of organizations and stakeholders.

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

3.21
exposure stage
cycle stage between the introduction of the sterilizing or disinfecting agent into the chamber and when the 
agent is removed or neutralised

Note 1 to entry: For the purposes of this document the exposure stage only includes that part of the process for which 
microbial lethality is claimed.

[SOURCE: ISO 11139:2018 & Amd 1:2024, 3.111, modified — Note 1 to entry has been added]

3.22
Fo value
measure of microbiological lethality delivered by a moist heat sterilization process expressed in terms of 
the equivalent time, in minutes, at a temperature of 121,1  °C with reference to microorganisms with a z 
value of 10 °C

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

3.23
FBIO value
expression of the resistance of a biological indicator calculated as the product of the logarithm to base 10 of 
the initial population of microorganisms and the D value

[SOURCE: ISO 11139:2018, 3.113.2, modified — "to base 10" added to the definition]

3.24
FBIOLOGICAL value
expression of the delivered lethality of a process, measured in terms of actual kill of microorganisms on or 
in a biological indicator challenge system

Note 1 to entry: FBIOLOGICAL can be calculated by multiplying the D121 value by the difference between the log 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]

5
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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: ISO 11139:2018 and Amd 1:2024, 3.339]

3.27
health care product
medical device, including in vitro diagnostic medical device, or medicinal 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 temperature band

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

3.29
installation qualification
IQ
process of establishing by objective evidence that all key aspects of the process equipment and ancillary 
system installation comply with the approved specification

[SOURCE: ISO 11139:2018, 3.220.2]

3.30
load
product, equipment or materials to be processed together within an operating cycle

[SOURCE: ISO 11139:2018, 3.155]

3.31
load configuration
distribution and orientation of a load

Note 1 to entry: For the purposes of this document the definition refers to the placement of a load in the chamber and 
includes fixed chamber parts and the numbers and types of product presented for sterilization.

[SOURCE: ISO 11139:2018, 3.156, modified — Note 1 to entry has been added.]

3.32
measuring chain
series of 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 result 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;
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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;

—	 supporting or sustaining life;

—	 control 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 which may be assisted in its intended function by such means

Note  1  to  entry:  Products which may be considered to be medical devices in some jurisdictions, but not in others 
include:

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

—	 pouches, reel goods, sterilization wrap, and reusable containers for packaging of medical devices for sterilization;

—	 disinfection substances;

—	 aids for persons with disabilities;

—	 devices incorporating animal and/or human tissues;

—	 devices for in vitro fertilization or assisted reproduction technologies.

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

3.34
microorganism
entity of microscopic size, encompassing bacteria, fungi, protozoa and viruses

[SOURCE: ISO 11139:2018, 3.176]

3.35
moist heat
thermal energy in the presence of moisture used as the sterilizing agent to achieve the specified requirements 
for sterility

3.36
non-condensable gas
NCG
air and/or other gas which will not liquefy under the conditions of a saturated steam sterilization process

[SOURCE: ISO 11139:2018, 3.183, modified — Added “sterilization” and abbreviation NCG.]

3.37
operational qualification
OQ
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: ISO 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, consistently 
produces a product which meets all predetermined requirements

[SOURCE: ISO 11139:2018, 3.220.4]

3.42
plateau period
equilibration time plus the holding time

[SOURCE: ISO 11139:2018, 3.195]

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

[SOURCE: ISO 11139:2018, 3.197]

3.44
preconditioning
treatment of product, prior to the operating cycle, to attain specified values for temperature, relative 
humidity, and/or other process variables

[SOURCE: ISO 11139:2018, 3.200]

3.45
preventive action
action to eliminate the cause of a potential nonconformity or other potential undesirable situation

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

Note  2  to entry:  Preventive action is taken to prevent occurrence whereas corrective action is taken to prevent 
recurrence.

[SOURCE: ISO 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 process, changes in 
which can alter its effectiveness

Note 1 to entry: For the purposes of this document, process variables are conditions within a sterilization process, 
changes in which alter microbicidal effectiveness, i.e. exposure time and temperature in the presence of moist heat.

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

3.49
product
tangible result of a process

EXAMPLE	 Raw material(s), intermediates, sub-assembly(ies), healthcare product(s).

[SOURCE: ISO 11139:2018, 3.217]

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

Note 1 to entry: See Annex G.

[SOURCE: ISO 11139:2018, 3.218, modified — Note 1 to entry has been added.]

3.51
reference load
specified load created to represent combinations of items that provide defined challenge(s) to a process

[SOURCE: ISO 11139:2018, 3.226]

3.52
reference measurement point
location of the sensor controlling the operating cycle

[SOURCE: ISO 11139:2018, 3.227]

3.53
reference microorganism
microbial strain 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
validated process which involves the direct contact of saturated steam as the sterilizing agent on product 
surfaces to achieve the specified requirements for sterility

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

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

EXAMPLE	 Steam, electricity, water, compressed air, drainage.

[SOURCE: ISO 11139:2018, 3.252, modified — EXAMPLES have been added.]

3.59
specify
stipulate in detail within an approved document

[SOURCE: ISO 11139:2018, 3.259]

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

Note 1 to entry: It is expressed as a logarithm.

[SOURCE: ISO 11139:2018, 3.260

3.61
sterile
free from viable microorganisms

[SOURCE: ISO 11139:2018, 3.271]

3.62
sterile barrier 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: ISO 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
probability 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 10-6 or 10-3. When applying this quantitative value 
to assurance of sterility, an SAL of, for example, 10-6 has a lower value but provides a greater assurance of sterility 
than an SAL of 10-3.

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

3.65
sterilization
validated process used to render product free from viable microorganisms

Note 1 to entry: In a sterilization process, the nature of microbial inactivation is exponential and thus, the survival of 
a microorganism on an individual item can be expressed in terms of probability. While this probability can be reduced 
to a very low number, it can never be reduced to zero.

[SOURCE: ISO 11139:2018, 3.277]

3.66
sterilization cycle
predetermined sequence of stages performed in a sterilizer to achieve product free of viable microorganisms

[SOURCE: ISO 11139:2018, 3.279]

3.67
sterilization process
series of actions or operations needed to achieve the specified requirements for sterility

Note  1  to  entry:  This series of actions includes pre-treatment of product (if necessary), exposure, under specified 
conditions, to the sterilizing agent and any necessary post treatment. The sterilization process does not include any 
cleaning, disinfection or packaging operations that precede sterilization.

[SOURCE: ISO 11139:2018, 3.284]

3.68
sterilization temperature
minimum temperature on which the evaluation of the sterilization efficacy is based

[SOURCE: ISO 11139:2018, 3.286]

3.69
sterilizing agent
physical or chemical entity, or combination of entities having sufficient microbicidal activity to achieve 
sterility under defined conditions

[SOURCE: ISO 11139:2018, 3.288]

3.70
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 compatibility.

[SOURCE: ISO 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 to determine the 
presence or absence of viable microorganisms on product or portions thereof

[SOURCE: ISO 11139:2018, 3.299]

3.73
validation
confirmation process, through the provision of objective evidence, that the requirements for a specific 
intended use or application have been fulfilled

Note 1 to 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 to entry: The word “validated” is used to designate the corresponding status.

Note 3 to entry: The use conditions for validation can be real or simulated.

[SOURCE: ISO 11139:2018, 3.313]

3.74
verification
confirmation, through provision of objective evidence, that specified requirements have been fulfilled

Note 1 to entry: The objective evidence needed for a verification can be the result of an inspection or of other forms of 
determination such as performing alternative calculations, monitoring or reviewing documents.

Note 2 to entry: The word “verified” is used to designate a corresponding status.

[SOURCE: ISO 11139:2018, 3.314]

3.75
works test
series of technical operations performed prior to delivery to demonstrate compliance of a piece of equipment 
with its specification

[SOURCE: ISO 11139:2018, 3.325]

3.76
z value
change in temperature of a thermal sterilization or disinfection process that produces a tenfold change in D 
value

Note 1 to entry: It is expressed in degrees Celsius (°C).

[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 control of a 
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;

—	 control of non-conforming product.

NOTE	 ISO 13485 covers all stages of the lifecycle of medical devices in the context of quality management 
systems for regulatory purposes. National and/or regional regulatory requirements for the provision of health care 
products can require the implementation of a full quality management system and the assessment of that system by a 
recognized conformity assessment body.

4.2	 A process shall be specified for the calibration of all equipment, including instrumentation for test 
purposes, used in meeting the requirements of this document.

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

5	 Sterilizing 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;

c)	 identify the factors that influence microbicidal effectiveness;

d)	 assess the effects that exposure to 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 equipment 
specification shall be relatable to the results of experimental studies undertaken in the test or prototype 
equipment.

5.1.2	 For the purposes of this document, the sterilizing agent shall be moist heat. A specification for the 
sterilizing agent shall be documented.

NOTE	 See definitions of moist heat (3.35), saturated steam sterilization (3.57) and contained product sterilization 
(3.10) with regard to the sterilizing agent.

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

5.3	 Effects on materials

The effect of exposure to moist heat on the physical and/or chemical properties of materials and on their 
biological safety shall be assessed.

NOTE	 The effects of moist heat on a wide variety of materials used to manufacture medical devices have been 
comprehensively documented (see [28]) and such documentation is of value to those designing and developing 
medical devices that are to be sterilized by moist heat. Studies of the effects of a moist heat process on a product are 
implemented during the product design stage. See Clauses 6, 7 and 8. Table A.1 outlines the roles and responsibilities 
for each normative section and Annexes F and H give guidance for health care facilities and industrial settings.

5.4	 Environmental consideration

Moist heat is not normally considered as having a significant environmental effect. However, the potential 
impact on the environment of the operation of the sterilization process shall be assessed and any measures 
necessary to protect the environment shall be identified. This assessment, including potential impact (if 
any) and measures for control (if identified), shall be documented.

6	 Process and equipment characterization

6.1	 General

6.1.1	 The purpose of this activity is to specify the entire sterilization process and the equipment necessary 
to reproducibly deliver the sterilization process.

6.2	 Process characterization

6.2.1	 The process variables for moist heat sterilization shall be time and temperature in the presence of 
moist heat sufficient to ensure microbial inactivation. All sterilization processes shall be specified.

NOTE	 Pressure is not a process variable in a moist heat sterilization process since it has no bearing on microbial 
inactivation. Pressure is a cycle variable which is employed to control the operating cycle.

6.2.2	 Process characterization, at a minimum, shall include:

a)	 identifying the type of moist heat sterilization cycle to be used and documenting the process variables 
and the process parameters and their tolerances;

NOTE 1	 See the Scope, 6.3 and 6.4 for types of moist heat sterilization cycle and Annex D for examples of moist 
heat sterilization cycles.

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

NOTE 2	 The data developed in product definition (see Clause  7) can impact the characterization of the 
sterilization process.

14

﻿
© ISO 2024 – All rights reserved

Full document details: ISO 17665-2024

http://www.avadocuments.com/doc/iso-17665-2024
http://www.avadocuments.com/doc/iso-17665-2024


ISO 17665:2024(en)

NOTE 3	 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 
reproducibility 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 
configurations that can be sterilized;

NOTE 4	 Information on the product characteristics and product families can be found in Annex G.

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

h)	 requirements for the preconditioning of the load prior to sterilization, if such preconditioning is 
necessary to ensure the efficacy of the sterilization process (e.g. equilibration of the load at a specified 
temperature and humidity);

i)	 requirements for the post sterilization cycle treatment, if such treatment is included in the sterilization 
process specification (e.g. allowing the load to cool in a controlled environment);

j)	 the location of the reference measuring point;

k)	 the minimum frequency of use of process monitoring tools, e.g. physical sensors, biological indicators, 
chemical indicators, process challenge devices (PCDs);

l)	 the maximum quantity of each contaminant that can be present in any liquid, air, gas or steam admitted 
to the chamber if the contaminant can adversely affect the product, its SBS or packaging system or the 
efficacy of the sterilization cycle, e.g. the maximum amount of water that can be suspended in the steam 
entering the chamber shall be specified if that can cause an adverse effect on the product or its SBS or 
packaging system.

NOTE 5	 Properly engineered steam traps and separators can be used to remove water from the steam prior to 
injection into the chamber.

NOTE 6	 The level of risk to the process and load associated with the presence of contaminants can depend upon the 
point in the process when maximum quantities occur.

6.2.3	 The acceptable SAL for the process shall be specified.

NOTE 1	 The specification for SAL can be based on the determination of the population and resistance of any 
bioburden which can be on the product at the start of the sterilization process.

NOTE 2	 If a 10-6 SAL is specified for a product and an overkill approach with recognised time and temperature 
combinations for moist heat sterilization (see Table A.2) is used to achieve the SAL, then the maximum SAL for the 
product will be substantially less than 10-6.

NOTE 3	 See Annex B for guidance on the establishment and evaluation of a sterilization process primarily based on 
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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b)	 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;

NOTE 1	 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 c), d) or e).

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

c)	 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 sterilized, for the product family(ies) known to restrict the penetration of steam by virtue of 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 cycle.

d)	 a description of:

1)	 the PCD suitable for the sterilization process and not fitted to the sterilizer to demonstrate a specific 
characteristic of the sterilization process (e.g. air removal and steam penetration); or

2)	 for dynamic air removal cycles, the monitoring system fitted to the sterilizer for the detection of 
NCGs (e.g. an air detector), including its sensor location(s), and how to interpret its results;

NOTE 4	 The specification for a saturated steam sterilization process normally includes a description of a PCD 
not fitted to the sterilizer [6.3 d) 1)] or a monitoring system fitted to the sterilizer [6.3 d) 2)] both used for the 
detection of NCG during each operating cycle. Specified, established and validated alternative methods for the 
detection of NCGs, particularly in an industrial setting where sterilization processes and load configurations are 
specified in detail, are also possible (but see E.2.3).

e)	 the reference load(s) to be used to confirm or judge the effectiveness of the sterilization process for an 
identified load [see 6.2.2 f)];

f)	 dryness of the reference load determined by a change in mass or by presence of perceptible moisture.

6.4	 Contained product sterilization processes

In addition to the requirements in 6.1 and 6.2, the sterilization process specification shall include the 
following information for the load configuration justified to be the most difficult to sterilize:

a)	 details of the product(s) and its container(s) or, if applicable, reference product(s);

b)	 the size of the load and its location, orientation and support system within the chamber;

c)	 the temperature profiles and the locations from which they were determined for the period 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;

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

e)	 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	 Equipment used 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;

c)	 characteristics of filters (if used);

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

e)	 for each 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;

NOTE 1	 The specification for the rates of pressure change during each stage of the operating cycle can 
be important as this can influence the integrity of a medical device and an SBS, or influence diffusive steam 
penetration into complex devices.

g)	 the fault(s) and failures recognised by the monitoring system, together with any visual, audible or 
recorded warnings or indications;

h)	 the safety features;

NOTE 2	 The specification can include safety features for the protection of personnel and the environment.

NOTE 3	 In some jurisdictions specific safety features can be required.

i)	 information and test results which can allow the user to establish the conformity of the equipment 
to local, regional, or national regulations applicable for installation and operation of the equipment 
including those for emissions into the environment;

NOTE 4	 Citation of appropriate standards can be included.

j)	 a description and acceptance criteria for the test to be used to determine the level of air leakage into the 
chamber 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 detect non- 
condensable gas that can be present in steam supplied to the chamber or remain in the chamber after 
the air removal stage of the sterilization cycle.

6.5.2	 The operating procedures for the equipment and ancillary items shall be specified. The specification 
shall include:

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

b)	 step-by-step operating instructions;

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

d)	 the means by which an error in the results of a measurement for control, indication and/or recording 
can be identified, e.g. if a sensor becomes damaged an open circuit error will be reported;

e)	 the 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);

1)	 means of disconnecting services to the sterilizer;

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

3)	 minimum and maximum temperature of services including, e.g. water;

4)	 minimum and maximum flow rate for each service;

5)	 any filtration requirements for each service, e.g. water, compressed air, steam;

6)	 electrical requirements, e.g. phase requirements, minimum and maximum voltage and maximum 
current (amperes), expressed as phase to neutral or phase to phase, for the electrical supply;

7)	 maximum level of NCG and liquid water in steam;

8)	 maximum quantity of each contaminant which can be found in fluids supplied to the sterilizer, e.g. 
compressed air, water, steam.

e)	 the load bearing structures that are to support the principal heavy components of the equipment;

f)	 the materials of construction for the parts that transport steam, gas, air and water into the space in 
which the sterilizer is to be installed and into the sterilizer.

6.5.4	 The load support system, if used, in the chamber shall be specified. This specification shall ensure 
that the system shall not inhibit the attainment of sterilizing conditions throughout the load or cause damage 
to product including its SBS or packaging system.

6.5.5	 The sterilizer specification shall provide a description of how a failure in a control function does not 
lead to a failure in recording of process parameters resulting in an ineffective process appearing effective.

NOTE	 This can be achieved by monitoring systems which evaluate and compare data from process control, 
independent cycle recording, equipment specifications and hardware status indications for fault detection, indication 
and initiation of consecutive safety measures, as applicable.

6.5.6	 The software used to control or monitor the process shall be prepared in accordance with a 
documented system that provides documented evidence that the software meets its design intention.

7	 Product definition

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 11607-1 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 biological indicators are used for evaluation of a contained product sterilization process, evidence 
of any effect the composition of the contained product can have on the measured resistance (D value) of a 
biological indicator used to evaluate the sterilization process shall be established.

7.7	 A dedicated PCD shall be specified. Alternatively, a reference device identified as an appropriate 
challenge and its SBS or packaging system, shall be specified. For example, product that can be used to 
represent a specific characteristic(s) of the product.

7.8	 The limiting value(s) for each process and cycle variable to which the product and its SBS or packaging 
system (if used) can be exposed, shall be specified.

NOTE 1	 Exceeding the limiting values can have an adverse effect on either the performance of the product or its 
packaging, or both.

NOTE 2	 If an SBS is not used (e.g. sterilization of a load in a dental office where the items are used immediately after 
processing) sterility will not be maintained once the sterilizer door is opened.

7.9	 If the level of moisture present in the product and/or its packaging system prior to sterilization can 
affect the efficacy of the sterilization process, the limiting value(s) shall be specified.

7.10	 The safety, performance and stability of a product in its SBS or packaging system, and where 
applicable, product potency, after exposure to the sterilization process, shall continue to meet documented 
specifications.

7.11	 If the product is a reusable medical device, the instructions for use shall be consulted for any 
limitations relating to end-of-life indicators or the number of processing cycles which they can be subjected 
to (see ISO 17664-1).

7.12	 If the integrity of the product can be affected by a contaminant(s) or process residue (e.g. moisture) 
remaining on the product or packaging after sterilization, the contaminant or process residue shall be 
specified along with the maximum acceptable limit allowed.

7.13	 An operating procedure shall be specified to ensure that the condition of the product and, if used, its 
SBS or packaging system presented for sterilization will not compromise the effectiveness of the sterilization 
process. This procedure shall include at least the following elements:

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

NOTE	 When processing reusable product, cleaning and disinfection will also reduce the risk of infectious 
hazards to operators.

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)	 if required, 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	 The integrity of the SBS can be ensured by using either a validation approach or a post process test 
approach.

8	 Process definition

8.1	 The purpose of this activity is to define the sterilization process by providing a detailed specification 
for the sterilization cycle to be applied to defined product without compromising the safety, quality and 
performance of that product.

8.2	 The sterilization process shall be specified, including process variables and process parameters and 
their tolerances. During the establishment of this sterilization process, process parameters and appropriate 
cycle parameters shall be measured and used, to confirm reproducibility.

8.2.1	 If a saturated steam sterilization cycle is to be used, during the holding time the maximum difference 
between the temperature measured at the reference measuring point and the temperature measured at the 
surfaces in or on the product to be sterilized shall be specified.

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

8.2.2	 If an existing validated sterilization process, including the sterilization cycle, is intended to be 
used to sterilize defined product, process and equipment documentation shall be reviewed to ensure the 
identified variables in 6.2, 6.3 and 6.4 have been included in the process specification for routine production.

8.3	 The sterilization process shall be established from at least one of the following:

a)	 data supplied in the instructions for use accompanying the medical device (see ISO 17664-1), the 
sterilizer and, if used, the SBS;

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

b)	 similarity with a product that is already assigned to a product family (see Annex G);

c)	 development of an operating cycle that will deliver the specified SAL.

8.4	 The SAL to be achieved by the sterilization process on and/or within a product shall be specified and 
shall meet a 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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c)	 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 product is assigned to a relevant product family;

b)	 a relevant sterilization process is specified;

c)	 the equilibration 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 (if used) beyond 
the limiting process and cycle parameters or contaminants.

8.6	 If a saturated steam sterilization process is to be used, the level of residual air and NCG at the 
commencement of the holding time shall not prevent the attainment of moist heat on all surfaces of the 
product intended to be sterilized, including the surfaces in cavities, lumens and tubing.

8.7	 If biological 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 
into account the expected or established product bioburden;

c)	 the location of biological indicators within the sterilization load and acceptance criteria post-exposure 
to the sterilization process shall be specified.

8.7.1	 The selected biological indicator or inoculated product may have populations and resistance values 
lower than the minimum values specified in ISO 11138-3:2017, Clause  9 in order to obtain a specified BI 
microbiological challenge, but they shall otherwise meet the requirements of ISO 11138-1 and ISO 11138-3 
(also see Annex B).

NOTE	 The BI microbiological challenge is calculated as the product of the logarithm to the base ten of the initial 
population of microorganisms and the D value (BI microbiological challenge = log N0 × D121-value ; see FBIO).

8.7.2	 The method of presentation can include inoculated product or the placement of inoculated carrier(s) 
within the product.

NOTE 1	 Conformance of the biological indicator to ISO 11138-1 and ISO 11138-3 does not apply to the inoculation of 
the PCD/reference device.

NOTE 2	 A test for the ability to sterilize defined medical devices includes test specifications is given in Clauses 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	 If chemical 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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c)	 the location 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 documented.

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)	 when the bioburden method (B.2) is followed, tests of sterility shall be performed in accordance with 
ISO 11737-2;

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

d)	 equipment used shall be capable of reproducibly delivering a combination of process parameters with 
less lethality than the routine sterilization process (unless the full cycle overkill approach described in 
B.4.6 is used), such that the level of inactivation of microorganisms results in a population that allows 
extrapolation with regard to the total result.

NOTE	 These approaches are more commonly used in an industrial setting.

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

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

9	 Validation

9.1	 General

9.1.1	 The purpose of this activity, is to demonstrate that the sterilization process established in the process 
definition can be delivered effectively and reproducibly to the load. Validation consists of several identified 
stages: installation qualification (IQ), operational qualification (OQ) and performance qualification (PQ). IQ 
is undertaken to demonstrate that the sterilization equipment and any ancillary items have been supplied 
and installed in accordance with their specification. OQ is carried out either with unloaded equipment or 
using appropriate test materials to demonstrate the capability of the equipment to deliver the sterilization 
process that has been defined. PQ is the stage of validation that uses product to demonstrate that the 
equipment consistently operates in accordance with predetermined criteria and the process yields product 
that is sterile and meets the specified requirements.

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

NOTE 1	 Carrying out all the elements of validation (IQ, OQ, 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)	 a calibration 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 which the 
measuring chain is used.

NOTE	 National calibration reference standards are often mutually recognized and traceable to international 
reference standards with recognized fixed points.

9.1.6	 The correlation between readings from sterilizer instruments and independent test instruments for 
validation at the similar sensor locations shall be confirmed.

9.1.7	 If the equipment could have been affected by packaging, transportation or installation activities 
after certified final inspection tests at the manufacturing site, conformance with related specifications shall 
be verified during validation (IQ and OQ).

9.1.8	 During IQ, OQ or PQ, as applicable, it shall be verified that fault recognition and operational safety 
systems function and conform with their performance specifications. Verification can be carried out as far 
as possible without compromising the safety, functional integrity and certified conformity of the sterilizer.

NOTE	 Suitable procedures for testing the fault recognition and operational safety systems can be available in the 
sterilizers technical documentation.

9.1.9	 If an existing sterilizer with a validated sterilization process is to be used to process a new product, 
the IQ and OQ stages of the existing validation may be accepted, provided that changes have not been made 
to the equipment since the existing validation.

9.2	 Installation qualification (IQ)

9.2.1	 Installation qualification shall demonstrate that the equipment and ancillary items have been 
installed in accordance with their specification.

NOTE	 Additional regional, national and local regulations can also apply.

9.2.2	 It shall be verified that the installation of the equipment, ancillary items and the supply of the 
services conform with their specifications.

9.3	 Operational qualification (OQ)

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

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

9.4	 Performance 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 
been met.

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

9.4.4	 Checks shall include and verify that:

a)	 the IQ and OQ were successful;

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

c)	 the load configuration conforms with 6.2.2 f) and g) and is considered to be representative or more 
challenging to the sterilization process than the routine load;

d)	 the 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) assigned to the sterilization cycle or that represents the 
product families considered to be a greater challenge to the sterilization process;

e)	 the load configuration and any required preconditioning conforms with 6.2.2 f), g) and h) and 7.13;

f)	 if varying load configurations will be used, the extent to which the variation affects the sterilization 
process shall be evaluated to ensure that all product exposed to the sterilization process achieves the 
required SAL.

9.4.5	 For each of the following, studies shall establish:

a)	 conformity to the sterilization process identified during process definition and the limiting process 
parameters of the process variables identified for the product, SBS or packaging system;

b)	 data as required for the condition of the product and SBS (as applicable) as presented to the sterilization 
process;

c)	 the temperature profile(s) on and throughout product located in representative positions in the load;

d)	 the temperatures measured during the plateau period;

e)	 the 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 
indication of an acceptable process. Other information is required to confirm process acceptability.

g)	 the holding time;

h)	 the response of chemical indicators according to their instructions for use, when used;

i)	 that the response of the chemical indicator or biological indicator or sensor contained in the PCD 
according to its instructions for use (if used) is acceptable;

NOTE 2	 PCDs are discussed in greater detail in Annex A (air removal indicator) and in Annex B (microbiological 
indicator).

j)	 the integrity of the SBS when used.

NOTE 3	 Product is normally wrapped in an SBS or packaging system. However, medical devices can be sterilized 
unwrapped if they are immediately and aseptically transferred to the point of use (e.g. the sterile field in an operating 
room) after removal from the sterilizer.

9.4.6	 If, in addition to the measurement of physical parameters, the sterilization process is to be verified 
by microbiological methods, then it shall be qualified and one of the following methods shall be used:

a)	 bioburden method;

b)	 combined bioburden/biological indicator method; or

c)	 overkill method.

NOTE 1	 See Annex B.

NOTE 2	 The bioburden and bioburden/biological indicator methods are also known as product specific approaches.

When the bioburden is not known or measurable, a process based on an overkill approach shall be used 
provided that the product is stable when exposed to the specified process conditions.

9.4.7	 The reproducibility of the sterilization process shall be demonstrated to ensure the required 
SAL is consistently delivered to the load. Either a defined load (e.g. a contained product load) or load 
configuration(s) considered to be the most challenging to the sterilization process (e.g. a load configuration 
containing defined product families for saturated steam sterilization) shall be exposed to at least three 
consecutive sterilization processes to demonstrate that the sterilization process is reproducible within its 
specification and specified tolerances.

NOTE	 Three consecutive sterilization processes does not necessarily mean one after the other. See Annexes F and 
H for additional information on the interpretation of this subclause.

9.4.8	 If, during the sequence of three consecutive cycles specified in 9.4.7, a failure occurs and this can 
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 external 
monitoring equipment.

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

9.5.1	 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 sterilizer including the associated services;

b)	 the cycle parameters of the cycle to be used;

c)	 the product family(ies) that can be processed;

d)	 the load configuration(s) (including orientation, size and mass);

e)	 the procedures for any preconditioning of product, if used;

f)	 a description of the SBS or packaging system and methods of packaging;

g)	 the distribution and orientation of medical devices within a package containing multiple medical 
devices, if applicable;

h)	 the periodic tests and equipment maintenance activities necessary to indicate delivery of a reliable 
process;

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

j)	 the bioburden, if applicable.

10	 Routine monitoring and control

10.1	 Routine monitoring

10.1.1	 The purpose of this activity is to demonstrate that the validated and specified sterilization process 
has been delivered to the product for each sterilization process that is carried out.

10.1.2	 Routine monitoring and control shall be performed on each operating cycle in order to demonstrate 
that the process variables for moist heat sterilization are attained.

10.1.3	 Delivery of an effective sterilization process shall be verified by confirming that recorded data from 
routine monitoring are within specified tolerances measured by physical sensors together with the results 
from chemical indicators and/or biological indicators and/or PCDs, if used.

10.2	 Operational 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);

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

EXAMPLE	 A record of the timings of each stage along with pressure maximum and minimum values for each 
air removal and steam admission pulse.
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d)	 a steam penetration test using a defined test load which shall be conducted using devices independent 
of the sterilizer and the sterilizer control;

NOTE 1	 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 and further relevant 
information provided by the monitoring system (e.g. fault indication system, process evaluation system) 
shall be documented and evaluated with respect to possible detrimental impact on the reliability of the 
process outcome.

10.4	 Evaluation of additional data for saturated steam sterilization processes

For saturated steam sterilization processes, evaluation of additional data and information shall include:

NOTE 1	 Evaluation can be carried out automatically by a validated software system or by visual examination of 
recorded data.

a)	 the duration when the temperature at the reference measurement point is at or above the sterilization 
temperature;

NOTE 2	 If the data recording system reports that the validated duration has been achieved this can be regarded 
as meeting the requirement.

b)	 temperature at the reference measurement point and chamber pressure during the plateau period and, 
when available, the temperature determined from measured chamber pressure according to steam 
table values (see Annex E) during the holding time;

c)	 for all stages of the operating cycle:

—	 the chamber pressure;

—	 the temperature measured at the reference measurement point;

—	 the chamber temperature if provided;

NOTE 3	 Printed records can provide a summary of the information above, assisting conformity assessment.

d)	 the results obtained from 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 
used [see 6.3 c) and d)];

e)	 the results obtained from a process monitoring system (e.g. an air detector) fitted to the sterilizer as 
part of process control, if used, [see 6.3 c) and e)];

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

NOTE 4	 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 
operating 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 time of the plateau period;

e)	 the holding time;

f)	 the integrated lethality, Fo, if used;

g)	 the value(s) for the process parameter(s) for homogeneity of the heating media in the chamber.

10.6	 Record retention

All records shall be retained in accordance with specified procedures (see A.10.10).

11	 Product release from sterilization

11.1	 The purpose of this activity is to specify procedures for establishing if product exposed to a 
sterilization process can be released into use.

11.2	 Procedures (e.g. standard operating procedures, also known as SOPs) for the review of records and 
product release from the sterilization process shall be specified and documented. The procedure(s) shall 
define the requirements for designating a sterilization process as conforming. If a requirement is not 
met, product shall be designated as non-conforming and handled in accordance with standard operating 
procedures.

NOTE 1	 Suitably trained and qualified individuals can perform product release (see 4.1, A.10.2 and Annexes F and 
H).

NOTE 2	 Examples of nonconformance include a process or cycle parameter being out of specification, a growth 
positive biological indicator or a chemical indicator failing to meet its endpoint. An acceptable test for sterility cannot 
be used as confirmatory evidence of process success. See also Annex F and H for further guidance.

11.3	 A system shall be specified to ensure that processed and non-processed items are clearly differentiated.

12	 Maintaining process effectiveness

12.1	 Purpose

The purpose of this activity is to ensure that the products to be sterilized are presented for sterilization 
in accordance with its specifications, configurations and pre-conditioning requirements as stated in the 
validation documentation. In addition, it shall be confirmed, that appropriate periodic tests calibration of 
measuring chains, equipment maintenance, any required requalification and an assessment of any changes, 
has been carried out.

12.2	 Demonstration of continued effectiveness

12.2.1	 Product presented for sterilization shall conform with:

a)	 the product identified during product definition;

b)	 the 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].

NOTE 1	 The steam penetration test is carried out using a device having a defined challenge to air removal and 
steam penetration for the process.

NOTE 2	 If the sterilizer is used continuously for production of product, the test can be done at least every 24 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 be used to confirm steam penetration 
based on specified physical measurements and a risk assessment of the likelihood of process failure.

12.2.6	 Product shall conform to bioburden requirements if the sterilization process was established by the 
bioburden microbiological method (see B.2) or bioburden/biological indicator microbiological method (see 
B.3).

12.3	 Recalibration

The accuracy and reliability of each measuring chain used to control, monitor, indicate, or record the 
sterilization process shall be verified periodically in accordance with standard operating procedures.

12.4	 Equipment maintenance

12.4.1	 Preventative equipment maintenance shall be planned and performed in accordance with 
documented procedures.

Calibration, equipment maintenance, performance test(s) and acceptance criteria (where applicable) 
intended to ensure that the sterilization process remains reproducible shall be specified as part of the 
process (see 8.13).

12.4.2	 Equipment shall not be used to process product until all specified equipment maintenance tasks 
have been satisfactorily completed and recorded.

12.4.3	 The equipment maintenance plan, procedures and records shall be retained and reviewed at 
specified 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)	 replacement of a part which can cause an increase in leakage into the chamber;

c)	 variation of homogeneity of the process variables in the usable chamber space of the sterilizer;

d)	 new or modified software for process or cycle control and monitoring and/or hardware replacement or 
modification 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 maintenance on a service;

g)	 any change of the SBS or packaging system or packaging procedures used;

h)	 any change of load configuration;

i)	 any change of product manufacturing processes, product materials or source of materials or design of 
product;

j)	 any change of equipment maintenance procedures.

12.6.2	 The outcome of the assessment, including the rationale for the decisions reached and the extent 
of changes made to the sterilization process, product or requalification requirements, if any, shall be 
documented.
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Annex A 
(informative) 

 
Guidance on the principles of moist heat sterilization and rationales 

for requirements

A.1	 General

A.1.1	 The purpose of this Annex is to provide general guidance on the principles of moist heat sterilization 
and rationales for the requirements. The clause numbering in Annex A does not, and is not intended, to align 
with the normative text. Specific guidance for health care facilities is given in Annex F and for industrial 
settings in Annex H where guidance clause numbers align with normative clause numbers.

A.1.2	 The development, validation and routine control of a sterilization process comprise a number 
of discrete but interrelated activities, e.g. calibration, equipment maintenance, product definition, 
process definition, IQ, OQ and PQ. Table  A.1 summarises the various sections comprising this document, 
its component parts and purpose and an indication of the personnel or operational functions within an 
organisation who can be responsible for ensuring implementation. The subsequent sections discuss, in more 
detail, those elements.

A.1.3	 The guidance given in this Annex is not intended as a checklist for assessing conformance with the 
requirements of this document. This guidance considers the principles of moist heat sterilization and is 
intended to assist in obtaining a uniform understanding by providing explanations and acceptable methods 
for achieving conformance with requirements. Methods other than those given in the guidance can be used.

Table A.1 — Elements of sterilizing agent characterization and sterilization process development, 
validation and routine control

Elements Purpose Components Responsible party
Quality system To provide a structure to con-

trol all stages of the steriliza-
tion process

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

All parties with respect to the 
elements undertaken

Sterilizing agent 
characterization

To specify the sterilizing 
agent and to establish its 
microbicidal effectiveness 
considering relevant parame-
ters impacting efficacy.

Sterilizing agent definition, 
microbicidal effectiveness 
studies, material compatibili-
ty and biological safety

Developer of the sterilization 
process

Sterilization pro-
cess/equipment 
characterization

To provide a specification of 
the whole of the sterilization 
process and the equipment 
necessary to carry it out

Sterilization process cycles 
and parameter specification, 
equipment specification, 
ancillary equipment, and ser-
vices, safety and environment

Sterilizer manufacturer, in 
collaboration with the developer 
of the sterilization process, if 
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)

Sterilization pro-
cess definition

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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Elements Purpose Components Responsible party
Validation To demonstrate that the de-

fined sterilization process can 
be delivered effectively and 
reproducibly to the load

Installation qualification, 
operational qualification, 
performance qualification, 
review, and approval of vali-
dation

Organization with responsibility 
for sterilizing the product which 
can be either:
—   the manufacturer of the 
product to be sterilized;
—   or the processing facility,
in collaboration with the steriliz-
er manufacturer, if appropriate.

Routine monitor-
ing and control

To demonstrate that the val-
idated sterilization process 
has been delivered within 
defined tolerances to all prod-
ucts within a load

Load, load configuration, ster-
ilization process monitoring, 
record generation, periodic 
testing, record retention

Organization with responsibility 
for sterilizing the product which 
can be either:
—   the manufacturer of the 
product to be sterilized;
—   or the processing facility,
in collaboration with the steriliz-
er manufacturer, if appropriate.

Product release 
from sterilization

To review records of rou-
tine control procedures and 
determine the disposition of a 
particular load

Record review, indicator test-
ing (if any), product disposi-
tion, corrective action (if any)

Organization with responsibility 
for sterilizing the product which 
can be either:
—   the manufacturer of the 
product to be sterilized;
—   or the processing facility,
in collaboration with the steriliz-
er manufacturer, if appropriate.

Maintaining ster-
ilization process 
effectiveness

To ensure the continued 
acceptability of the validated 
sterilization process

Equipment maintenance and 
calibration. Assessment of 
change.

Sterilizer manufacturer and the 
organization with responsibility 
for sterilizing the product which 
can be either
—   the manufacturer of the 
product to be sterilized;
—   or the processing facility.

A.2	 Normative references

No additional guidance.

A.3	 Terms and definitions

Users of this document should familiarise themselves with the terms and definitions defined in Clause  3 
and subsequently used throughout this document to ensure a complete understanding of the context in 
which they are used. ISO/TC 198 has made a concerted effort to harmonise definitions across the series of 
standards for which it is responsible. These agreed harmonised definitions are found in ISO 11139. Working 
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.

Table A.1 (continued)Table A.1 (continued)
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A.4.2	 This document does not require that a complete quality management system conforming with 
ISO 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)	 assignment 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)	 provision of adequate resources, including competent human resources and infrastructure;

d)	 control and verification of product and services provided by external parties;

e)	 identification and traceability of product throughout the process;

f)	 control of non-conforming product;

g)	 maintenance and repair of equipment;

h)	 calibration of monitoring and recording systems;

i)	 measurement and analysis systems designed to monitor and improve performance including corrective 
and preventive actions.

A.4.4	 The processes involved in the development, validation and routine control of a sterilization process 
can involve a number of separate parties, each of whom has responsibility for certain elements. The parties 
accepting responsibility for defined elements are required to ensure competent personnel, with competence 
demonstrated and documented through appropriate training and qualification, carry out the necessary 
steps to implement those elements.

A.4.5	 National and regional regulatory requirements can exist for quality management systems in the 
manufacture of medical devices and for third party assessment of such systems whether in an industrial 
setting or health care facility.

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 
between water molecules (moisture) and microorganisms. Therefore, the process variables for a moist heat 
sterilization process are the duration of exposure to a specified temperature in the presence of 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. It is common for one 
or more of these time temperature combinations to be available on commercially available sterilizers. The 
time and temperature combinations only describe the holding times, not the air removal or drying stages 
which make up the whole of a saturated steam sterilization cycle. Some examples of these combinations 
are listed in Table A.2. The tolerances (often termed the sterilization temperature band) associated with a 
particular sterilization temperature is determined by a minimum temperature and a maximum temperature 
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 to the moist heat process ensures a SAL 
which provides a greater assurance of sterility. If other less widely recognised combinations of time and 
temperature in the presence of moisture are used, then microbicidal capability could need to be established. 
Generally, the lethality of moist heat processes is predictable using the mathematical methods described in 
the literature (e.g. Fo estimation of equivalent time of exposure at 121,1 °C). However, care should be taken 
when applying this approach since such mathematical approaches will only apply across a limited range of 
time and temperature combinations.

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

Temperature Holding timeb Fo valuea

°C min min
121 15 15
126 10 30
132 4 50
134 3 60

a	 Fo value is 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 
air in the chamber or other NCGs introduced with the steam can reduce the microbicidal lethality to a 
point when the equation used to calculate Fo values is no longer valid.
b	 The time when all measured temperatures in the load and at the reference measurement point are 
at the specified temperature (holding time).

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 
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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);

c)	 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 
inadequate air removal stage, air leakages into the chamber, or carried within the steam supply to the 
sterilizer and which can affect the microbial lethality of moist heat at the surfaces to be sterilized, or 
corrosive agents similarly carried in droplets of liquid mixed with the steam supply. Liquid water, expressed 
as a dryness fraction (see C.10), can also be considered a contaminant since this will affect steam penetration 
and heat transfer rates to product and the ability of the process to dry the product (see D.2) at the end of 
the plateau period of the process. The level of risk to the process and load associated with the presence of 
contaminants can depend upon the point in the process when maximum quantities occur.

A.5.4.2	 Inorganic (e.g. salts used in water purification systems) or organic (e.g. filming amines, endotoxins) 
contaminants suspended in the sterilizing agent can be both toxic and corrosive and can generate a barrier 
between the microorganism and the sterilizing agent on load surfaces. The contaminants can originate 
from feed water, that is heated or evaporated into steam. They can also originate from contact between the 
materials of the steam generation system (e.g. shell boilers) and the generated steam. The contaminants 
can also arise from the pipework and engineering devices employed to condition the steam (e.g. condensate 
traps) as it is transported to the chamber and finally condenses on the product. Consideration should be 
given to the impact from raw water, water treatment plant, boiler and steam distribution which can 
carry over unwanted substances such as anti-foaming agents, and corrosion inhibitors. The presence of 
waterborne microorganisms in boiler feedwater can give rise to the creation of organic bacterial endotoxins, 
which, if present in fine droplets of water carried within the steam, can contaminate the load and therefore 
present a risk of adverse reaction (pyrogenesis) in patients, e.g. toxic anterior segment syndrome (TASS) in 
ophthalmic surgery. If the level of contaminants in the sterilizing agent can be affected by the quality of the 
feed water to the steam generation system, the feed water quality should be specified. The use of stainless 
steel for the fabrication of steam generation equipment and pipework can help reduce the need for corrosion 
inhibitor chemicals and therefore contamination from inorganic and organic substances. Similarly, use of 
dedicated steam generation equipment enables greater control over the quality of the steam produced.

A.5.5	 Non-condensable gases in the steam supply

Non-condensable gases (NCG) will inevitably be present in steam from dissolved gases in the feedwater of 
the steam generation equipment. Hence, steam supplied to a sterilizer will inevitably have small quantities 
of NCG entrained within it. The acceptable content of NCG in the steam supply is given by the method in EN 
285 and Annex C, where a maximum value of 3,5 ml of NCG is collected from 100 ml of condensed steam. 
Due to steam having 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 also 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 
methods described in ISO 14937:2009, 5.3, can be used to establish microbicidal capability. Furthermore, 
some sterilization processes (contained product sterilization processes) can deliberately employ an 
overpressure of air (air ballasting) within the chamber in order to prevent distortion and fracture of product 
containers. When these processes are used, engineering measures are implemented to ensure mixing of the 
steam and 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 assess air 
removal from and steam penetration into loads. Thus, throughout the air removal and equilibration part 
of the operating cycle, the difference in temperature between the temperature measured at the reference 
measuring point in the sterilizer and a measurement point on a medical device or in a reference load can 
sometimes be considered an indicator of the presence of moist heat at the measurement location. This 
approach should be used with care as thermometric methods cannot differentiate hot air from saturated 
steam at the same temperature. Additional evidence in the form of supplementary tests using different 
measurement methods responsive to the presence or absence of moisture (for example biological indicators 
or chemical 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 entrained 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 energy and 
as a result does not facilitate rapid heating of load items. Water entrained within steam can remain with the 
load after the drying stage (also known as reconditioning) resulting in loads which are wet when removed 
from the sterilizer. This can compromise the efficacy of the SBS or the packaging system and the quality of 
the product if using a saturated steam sterilization process, resulting in microbial recontamination and a 
non-sterile load. Methods for determining the water content of steam supplied to the sterilizer are described 
in Annex C.

A.5.8	 Effects on materials

Material effects are generally limited to corrosion, deformation and fracture caused by the temperatures and 
pressures of the sterilizing agent, water content (dryness fraction low) and contaminants in the sterilizing 
agent.

A.5.9	 Environmental 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 variables for moist heat sterilization processes are exposure for a specific time at 
a specified temperature in the presence of moist heat sufficient to bring about microbial inactivation. A 
cycle variable for moist heat sterilization would be pressure which plays no part in microbial inactivation. 
The sterilization process specification should include all the process and cycle parameters that define the 
exposure profile throughout the operating cycle, e.g. pressure transition points and the time between 
them during the air removal stage (conditioning) and the temperature during the holding time. It should 
also include the ones used to verify reproducibility. Annex D provides examples of moist heat sterilization 
processes and the associated operating cycles.

A.6.1.1.3	 A sterilization process is established for a specified product family(ies) and loading 
configuration(s). The portion of the operating cycle over which microbial inactivation is claimed or 
established should be identified (e.g. the holding stage in a saturated steam sterilization process or the time 
when the contents of containers are above 115 °C and fall below that value at the end of exposure for an Fo 
estimation of process lethality). The upper and lower limits of each process variable that can affect both 
this lethality and the performance of the medical device, should also be defined. The specification for the 
sterilization process and the equipment that delivers the process should contain sufficient detail for them to 
be considered in the subclause that covers process definition (see Clause 8) when a new product or loading 
configuration is proposed.

A.6.1.1.4	 The performance of a medical device can be affected by contaminants on its surface. The 
contaminants and maximum acceptable concentration(s) contained in each fluid coming into contact with 
the medical device should be specified and included in the sterilization process specification (e.g. the quality 
of steam entering the chamber in a saturated steam sterilization process or of a ballasting overpressure 
of air in a contained product sterilization process). Some of the contaminants which can be considered are 
discussed in Clause 5 and in C.10

A.6.1.1.5	 Provision should be made to monitor and record data for assessing the effectiveness and 
suitability of a routine sterilization process using calibrated instruments. The accuracy of measurement 
should be related to the tolerances of the process and cycle parameters.

A.6.1.1.6	 The relationship between the temperature measured at the reference measurement point and 
the temperature measured in the load should be known for each product family.

A.6.1.2	 Specific considerations for saturated steam sterilization processes

A.6.1.2.1	 Saturated steam sterilization processes are those in which the steam within the chamber is the 
sterilizing agent, i.e. provides the moist heat on the surfaces which require sterilization.

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 acceptance 
criteria then moist heat conditions will be present on the surfaces requiring sterilization. Annexes B and C 
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 upper and lower limits for each process and cycle parameter;

b)	 the method used for air removal;

c)	 sources of residual air including:

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

2)	 inadequate air removal (e.g. due to an insufficient vacuum level being achieved),

3)	 NCG present in the steam supply;

d)	 the test methods, monitoring procedures, test frequency and acceptance criteria for sterilization 
process evaluation (e.g. the maximum leak rate permitted into the chamber).

A.6.1.2.4	 Consequences of residual air

A.6.1.2.4.1	 Residual air can reduce the efficacy of the sterilization process so that the defined SAL is not 
achieved. The removal of air from the chamber and surface of the load by either gravity displacement or 
active flow is more predictable when simple solid medical devices are processed. Care should be taken 
when using these processes for other types of products so that residual air does not affect the microbial 
inactivation achieved by the sterilization process.

A.6.1.2.4.2	 Air removal is more challenging from complex medical devices such as instruments containing 
lumens, heavy solid masses and instruments and textiles contained within their SBSs. The physical 
conditions required for effective air removal are influenced by length, width and shape of lumen, wall 
thickness, material of the product, mass, density, the SBS used and other items contained in the same package 
of medical devices (see also Annex  G). For such medical devices, an operating cycle that employs active 
air removal should be used to attain a predictably low residual air level. An example is one that employs 
several vacuum and/or steam pulses (sometimes known as dynamic or fractionated air removal) to serially 
dilute the air from the chamber and medical device(s) (see D.2 for example). During each pulse, steam will 
move into and out of the medical device and the condensing steam will re-evaporate and cause a dynamic 
‘scouring’ of the residual air contained in, crevices, lumens and SBSs. The number of pulses, the upper and 
lower pressures associated with each pulse, the rate of change of pressure and temperature, and the interval 
of time between each change, are cycle variables and these will play a part in effecting air removal and 
steam penetration thereby assuring moist heat is attained at surfaces which require sterilization. When 
assigning the suitability of a product family to a sterilization process, the combination of these pressure and 
temperature changes, the rates of change, and the duration of each change should be taken into account.

A.6.1.2.5	 Measuring air removal by temperature and pressure correlation according to steam 
tables

A.6.1.2.5.1	 A sterilization process that removes air from the chamber to a low level can fail to remove 
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 

38

﻿
© ISO 2024 – All rights reserved

Full document details: ISO 17665-2024

http://www.avadocuments.com/doc/iso-17665-2024
http://www.avadocuments.com/doc/iso-17665-2024


ISO 17665:2024(en)

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 corrective actions.

A.6.1.2.5.3	 Ideally the limit assigned to the difference should allow for the measured temperature to 
be higher than that calculated from pressure, but should not be lower, to take into account and limit the 
possibility of superheated steam being present. However, the measurement tolerances for the temperature 
and pressure measurement chains are taken into account when setting this limit (typically 1 K or less, see 
Annex C 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 data obtained from a steam penetration test or a PCD or monitoring device, not by the correlation of 
measured temperature with that calculated from measured pressure 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 can include those devices which are used in 
periodic specific tests to establish equipment performance, e.g. the daily Bowie and Dick Test (for more 
information see A.12 and Annex C) or in combination with loads to assess a particular characteristic of the 
process.

A.6.1.2.6.2	 A steam penetration test is designed for use with a specified product family(ies) and is used to 
check that the amount of residual NCG remaining in the chamber at the commencement of the holding time 
will not prevent the formation of moist heat on the surfaces of the medical device for the duration of the 
holding time. The efficiency of the air removal system, air leakage into the chamber and NCG carried by the 
steam contribute 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 systems 
the results from which have a known relationship to those given by the standard method. The presence of all 
gases present in the chamber is monitored by the steam penetration test.

A.6.1.2.6.3	 A steam penetration test can be based upon a physical measurement, biological indicators or 
chemical indicators. The test system should be equivalent to the most challenging example of the product 
family(ies) it represents. A number of steam penetration and air removal test devices are available. 
Performance requirements for chemical indicator-based tests can be found in ISO  11140-3, ISO  11140-4, 
ISO 11140-5 and ISO 11140-6, for physical measurement-based tests in EN 285 for large steam sterilizers 
and EN 13060 for small steam sterilizers. Requirements for biological indicators are found in ISO 11138-1 
and ISO 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	 If it is 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 
product family(ies) that the sterilization process is designed to process. The performance of an air detector 
can be established 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 which have a direct 
relationship to product which will be routinely processed. In such circumstances the user will specify 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 steam-air mixture, a cycle with steam and gravity displacement, or a cycle with forced air removal (see 
Annex D for more information). The requirements for air removal and steam penetration are very different 
to those for saturated steam sterilization of surfaces. Steam and air mixtures are often deliberately used to 
provide an overpressure which prevents distortion or fracture of the sterilized container. Such distortion or 
fracture is caused by the high internal pressure generated when water-based solutions and air are heated 
in a sealed container. Flexible containers can soften during processing, losing mechanical strength and can 
rupture.

A.6.1.3.2	 The energy required to heat up a load to the defined sterilization temperature depends on the 
product family, the mass (thermal capacity) of the load and its initial temperature. Heat transfer depends 
on the heating medium, its contact with the product container, the material of the container and container 
support system, and the temperature difference at the heat transfer site. The type of product family and the 
load configuration 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 circulation. 
Mass flow and homogeneity of the heat transfer medium throughout the chamber can be verified by cycle 
variables such as fan speed, circulation pressure and flow. Temperature of the heat transfer medium at the 
outlet should be identified as a cycle variable. If steam is used, the temperature of the steam environment 
should also be considered a cycle variable. Consideration can need to be given to ensure the heat transfer 
medium is free of pyrogens and chemical impurities that can cause spotting on the container. In addition, the 
heat transfer fluid can need to be sterile by the end of the period of the operating cycle for which lethality is 
claimed and during the cooling stage.

A.6.1.3.3	 The temperature distribution within the product container depends on the shape of the container, 
viscosity of the product, conduction through the container wall and product, and convection within the 
product. Large product containers need longer times to heat up and cool down, which can restrict the size 
of container 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 construction of a sterilizer 
should minimize corrosion and any contaminant that can be released during routine operation. Steam, 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 can be considered). The correct choice for the material of construction and the control of corrosive 
contaminants will eliminate the need for protective agents such as filming amines (e.g. hydrazine) to be 
used.

A.6.2.2	 Services required

A sterilization process delivered in accordance with its specification is dependent upon the quality of 
the services provided. The services required should be identified in the specification (e.g. steam, water, 
compressed air, electrical power), along with the values and tolerances for each. During maximum demand, 
pressure measured at the connection to the sterilizer for each service should not fall below the minimum 
specified. If services are provided by another party, recommendations from the sterilizer manufacturer 
should be followed and conformity confirmed. For example, in some health care facilities the steam 
generation equipment can be operated by an engineering utility company whereas the user is part of the 
health care facility organisation. This is established during IQ. For example, the efficiency of a water ring 
vacuum pump and a heat exchanger deteriorates with falling water pressure and rising water temperature. 
For this reason the minimum water pressure and maximum temperature should be specified and then 
established during IQ.

A.6.2.3	 Filters

The requirements for filters should be specified, e.g. water strainers or air filters. The air entering the 
chamber to allow pressure equalisation at the end of the sterilization process should be passed through a 
microbially retentive filter in order to prevent re-contamination of the load. The equipment specification 
should include such a requirement and consider means to protect the filter from inadvertent exposure to a 
backflow of a chamber fluid which could 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 cycles variables, interconnections and signal processing equipment, e.g. a programmable logic controller 
(PLC) or microcomputer, should be specified.

A.6.2.4.2	 The measuring chain providing the records of the sterilization process is independent 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 not recovered) 
into the public sewer system, the particulates released from either the product or packaging, or both, 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. Pressure 
systems regulations govern pressurised fluids used in a moist heat sterilizer and can be specific to a 
particular jurisdiction. This document does not provide guidance in this area. Reference should be made to 
IEC 61010-2-040 and national regulations.

A.6.2.5.3	 Failures of items critical to process performance or safety, including the operating equipment 
and services, 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 its potential effects and urgency, e.g. audible and visual alarms, warnings, error indications, messages, 
displays, as well as subsequent automated responses of equipment or corrective actions by the operator.

A.6.2.5.4	 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.

A.6.2.6	 Accessories

Accessory systems, such as containers, shelving, racks and carriers designed to support, transport or contain 
the medical device, should not unduly restrict uniform steam distribution, circulation of heat transfer fluid 
(e.g. a steam-air mixture in a contained product sterilization process), removal of residual air, drainage of 
condensate or drainage of water. The system should also prevent damage to either the medical device or its 
packaging, or both, and retain the integrity of the load.

A.6.2.7	 Software

Local regulatory requirements should be taken into consideration regarding software design, verification 
and validation. Additional guidance is given in Good Automated Manufacturing Practice 5 (GAMP 5).[49] 
ISO/TS 22421 also considers various aspects of software systems used in sterilizers.

A.7	 Product definition

A.7.1	 General

The purpose of this activity is to define the product to be sterilized, including the microbiological quality 
of the product 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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