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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further 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
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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
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microorganisms surviving and the extent of treatment with the sterilizing agent; inej
[ there is always a finite probability that a microorganism can survive regardless of]
ht applied. For a given treatment, the probability of survival is determined by,the n
of microorganisms and by the environment in which the organisms exist during tr
t the sterility of any one product in a population subjected to sterilization-processing
1d the expression of sterility of a processed population is defined in terms of the pr
b a viable microorganism present on a product item.

s variables for a moist heat sterilization process, i.e. those which, eontribute toward
e exposure to adequate temperature for a prerequisite time inythe presence of mois
zation can be utilised as a saturated steam process, where saturated steam is allowed
surfaces to be sterilized, or as a contained product sterilization process, where stg
air or other gas, or hot water under pressure are used-as the heating medium in order
within the sealed contained product. The term sdturated steam describes a theor
ater and vapour are in equilibrium and that no other gases are present. In practice
team state conditions are not achieved. Mixtures.of steam and NCGs, albeit in very low
| to the sterilizer and employed as the sterilizing agent, moist heat.

hent describes requirements that, if met, will provide a moist heat sterilization proce;
medical devices, which has appropriate microbicidal activity. Furthermore, conforn
bments, ensures this activity is bothjreliable and reproducible so that predictions ca
nable confidence, that there is a 10w level of probability of there being a viable micy
product after every sterilization process is complete. Specification of this probability
ory authorities and can ydry from country to country (see, for example, EN 556-1

).

r medical device“production are given in ISO 13485. The standards for quality m
cognise thatjfer certain processes used in manufacturing, the effectiveness of the prog

r thisreason, sterilization processes are validated for use, the performance of the s
monitored routinely, and the equipment is maintained.

Fitably this
the extent
umber and
catment. It
cannot be

pbability of

5 microbial
ture. Moist
to directly
am, steam
fo generate
btical state
theoretical
levels, will

s intended
hance with
n be made,
oorganism
is a matter
and ANSI/

quirements of the ‘\quality management system for design and development, production,
installation and servicing 4are“given in ISO 9001 and particular requirements for quality m|

Anagement
Anagement
ess cannot

rified by, subsequent inspection and testing of the product. Sterilization is an example of such a

rerilization

Exposure t

0 a‘properly validated, accurately controlled, monitored and recorded sterilization pr

cess 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)
b)
9
d)
e)

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

the control of equipment and processes;

the control of personnel and their hygiene;
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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.
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with which conformance is claimed. The guidance given in the informative\Anng
5 checklists for assessing conformance with the requirements of this document”The g
ntive Annexes is intended to assist in obtaining a uniform understanding audimplem|
bments in this document by providing explanations, rationales, examplésand metho
s being suitable means for conforming with the requirements. Methods other than f
ance can be used if they are effective in achieving conformance with the requiremse

pment, validation and routine control of a sterilization prégess comprise a number
lated activities, e.g. calibration, equipment maintenance, product definition, process

and materials will be ascertained. While the actiyities required by this document
gether and are presented in a particular order, thissdocument does not require that th

ctivities will involve a number of either sepdrate individuals or organizations, or bd
brtake one or more of these activities. This'document does not specify the particular
itions who are responsible for carrying out the activities.

ements of this document are appljcable to all settings where moist heat sterilization
farried out. However, this document or part of it can be applied to the moist heat ster
cts.

vices processed in an industrial setting can, in certain circumstances, be manufact
ed processes that result'in product with a known and controlled bioburden prior to sf]
vices processed inhealth care facilities can include a wide variety of product with var
bn. Appropriate-and thorough cleaning and, where necessary for safe handling, decon
are used prior'to presenting product for sterilization. Mixed product loads are ¢
pprocessing~medical devices with throughput volumes dictated by historical and|
- sterilesproduct.

ovides guidance on the principles of moist heat sterilization and provides a ration
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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 doc

0

ent provides requirements for the development, validation and routine control of

sterilizatian processes for medical devices. It also contains guidance which is intended-to ¢

requireme
related to
and health

1.1 Incly

Moist heat

a)

satura

hts set forth in the normative sections. The guidance given is intended to promofe go
moist heat sterilization processes according to this document. The application withir
care settings is considered.

isions
sterilization processes covered by this document include, but aré.not limited to:

ted steam sterilization in which air is removed by pdssive purging (gravity di

principle);

b) satura

vacuuin/fractionated vacuum principle);

c) contai
d)
e)

NOTE 1

contai

contai

q

4

NOTE2 4
guidance th|

1.2 Excl

1.21 Th
a process

ned product sterilization in which heat transferis achieved by steam or steam-air mix
hed product sterilization in which heat transfer is achieved by water sprays;

hed product sterilization in which heat transfer is achieved by water immersion.

ee Annex D where the processes are-explained further.

A\Ithough the scope of this dectiment is limited to medical devices, it specifies requirements a
ht can be applicable to otherhealth care products and industrial applications.

usions

s documentidees not specify requirements for development, validation, and routine
for inactivating the causative agents of spongiform encephalopathies such as scra

spongiform encephalopathy and Creutzfeldt-Jakob disease.

q

J

NOTE 1

ee IS0 22442-1,1S0 22442-2 and ISO 22442-3.

moist heat
xplain the
bd practice
industrial

bplacement

ted steam sterilization in which air is removed by attive air removal (dynamic air removal, pre-

ures;

ind provides

control of
bie, bovine

NOTE 2

contaminated with these agents.

Specific regulations have been produced in particular countries for the processing of materials potentially

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
ANSI/AAMI

ST67.

© IS0 2024 - All rights reserved
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1.2.4 This document does not specify requirements for occupational safety associated with the design

and operat

NOTE

ion of moist heat sterilization facilities.

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 e

dition of the referenced document (including any amendments) applies.

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

1SO 111384
for moist hq

[SO 11140

ISO 116071
barrier sys

[SO 116074
sealing and

ISO 117371
population

ISO 11737
performed

3 Term
For the pui
[SO and IE
ISO On

IEC El4

3.1
air detectg
device desi
condensatg

[SOURCE: |
3.2

3:2017, Sterilization of health care products — Biological indicators — Part 3: Biologica
bat sterilization processes

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

1, Packaging for terminally sterilized medical devices — Part 1: Requirenients for mater
tems and packaging systems

assembly processes

1, Sterilization of health care products — Microbiologicalémethods — Part 1: Determi
of microorganisms on products

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

s and definitions
poses of this document, the following terms and definitions apply.

[ maintain terminology databasésfor use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

DI
gned to deteet'the presence of non-condensable gases in the chamber or in a stream of

h

SO 11139:2018, 3.9]

| indicators

ials, sterile

P, Packaging for terminally sterilized medical devices — Part 2: Validation requirements for forming,

nation of a

of sterility

2]

steam and

automatic

' 11
CUIILI UIITI

device that directs the equipment sequentially through required stages of the cycle in response to

programm
[SOURCE: I
3.3

ed cycle parameters

SO 11139:2018, 3.18]

bioburden

population

[SOURCE: I

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

S0 11139:2018, 3.23]

© IS0 2024 - All rights reserved
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biological
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indicator

test system containing viable microorganisms providing a defined resistance to a specified sterilization

process
[SOURCE: I
3.5

SO 11139:2018, 3.29]

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: I

3.6
chamber
part of equ

[SOURCE: ]
3.7

chemical indicator

test syster
physical ch

[SOURCE: |

3.8
conditioni
treatment
other proc

[SOURCE: |

3.9
contained
load for w
processed

Note 1 to enftry: The environmentWwithin the sterilizer is used for heating and cooling purposes only, not f

the steriliz4

3.10

contained
validated p
isusedtoc

SO 11139:2018, 3.31]

ipment in which a load is processed

SO 11139:2018, 3.36]

h that reveals change in one or more pre-specified progess variables based on a d
ange resulting from exposure to a process

SO 11139:2018, 3.43]

ng
of product prior to the exposure stage toattain a specified temperature, relative h
bss variable throughout the load

SO 11139:2018, 3.58]

product
hich the ambient media within a chamber do not come into direct contact with the

tion effect, e.g. a sehution in a sealed bottle.

productsterilization

reate moist heat internally to achieve the specified requirements for sterility within thg

product

hemical or

imidity, or

item to be

br achieving

rocessswiiere indirect contact of a heating medium on the external surfaces of containfed product

b contained

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: I
3.11

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

correction
action to eliminate a detected nonconformity

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

[SOURCE: I

SO 11139:2018, 3.64]

© IS0 2024 - All rights reserved
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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: I
3.13

SO 11139:2018, 3.65]

cycle parameter

value of a cucle variable inr‘lnding its tolerance nsed for control monitoring indication_and reco

operating
[SOURCE: ]
3.14

ycle
SO 11139:2018, 3.72]

cycle variable

property ul
[SOURCE: I

3.15

D value
D, value
time or do
microorga

Note 1 to e7
reduction.

Note 2 to e
within acce

[SOURCE: I

3.16
developm
act of elabd

[SOURCE: ]

3.17

equilibrat
period bet
point and t

sed to control, monitor, indicate, or record an operating cycle

SO 11139:2018, 3.74]

e required under stated conditions to achieve inactivation of 90 % of a population
nisms

try: For the purposes of this document, D value refer's to the exposure period necessary to a
try: The definition of D value assumes thata plot of log;, of population versus time of expos
bted tolerances.

SO 11139:2018, 3.75, modified -~ Notes to entry have been added.]

bnt

rating a specification

SO 11139:2018, 3:79]

ion time

iveen thé attainment of defined sterilization process parameters at the reference mg
he attainment of the specified sterilization process parameters at all points within thg

Note 1toen

ding of an

of the test

thieve 90 %

ire is linear

asurement
load

[yoFor the purposes of this document the process parameter to which this definition refersis t

bmperature.

Note 2 to entry: Equilibration time is also known as sterilization time lag.

[SOURCE: I
3.18

SO 11139:2018, 3.105, modified — Notes to entry have been added.]

equipment maintenance
combination of all technical and associated administrative actions intended to keep equipment at a state in

which it ca

[SOURCE: I

n perform its required function, or restore it to such a state

SO 11139:2018, 3.106]
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3.19
establish
determine

[SOURCE: I
3.20

ISO 17665:2024(en)

by theoretical evaluation and confirm by experimentation

S0 11139:2018, 3.107]

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 usmg appropriate criteria. An evaluation provides

credible, us
and lessons

[SOURCE:
definition §

3.21
exposure
cycle stage
agentisr

(—' 4-,-(-‘“,1 aoc

ot ee

(—‘ 1 Hdanca o 2| :“(-' v-mnc— R 4—1,"\4- nv\ﬂL\] atha ool
ot ChHaore STt t—tHhtTr Yy CoTrpoTrac oo cs—Tiaitt

THeveaehete—asee 1t TCS—TIrC—IICry

into the decision-making processes of organizations and stakeholders

HEOF yu TTCTOT 5T CCOTT

ind Note 1 to entry has been added.]

Stage
between the introduction of the sterilizing or disinfecting agent into-the chamber an
oved or neutralised

e:]“
Note 1 to enftry: For the purposes of this document the exposure stage only irieludes that part of the proce

microbial le]
[SOURCE: 1

3.22
F,value
measure o

thality is claimed.

SO 11139:2018 & Amd 1:2024, 3.111, modified — Noteyl'to entry has been added]

f microbiological lethality delivered by a moist heat sterilization process expressed

mendations

SO 9022-1:2016, 2.10, modified — Added "systematic and objective" at the‘beginning of the

d when the

s for which

n terms of

the equivalent time, in minutes, at a temperature ofs121,1 °C with reference to microorganisnps with a z

value of 10
[SOURCE: I
in °C).]

3.23
Fgo value
expression

°C
SO 11139:2018, 3.113.1, modified==-10 K was replaced by °C (by convention, z value is

of the resistance of ahiological indicator calculated as the product of the logarithm tdg

the initial population of micrgesganisms and the D value

[SOURCE: ]

3.24

FBIOLOGI_CA
expression

in a biologi

SO 11139:2018,87113.2, modified — "to base 10" added to the definition]

| value
of the~delivered lethality of a process, measured in terms of actual kill of microorgar

expressed

base 10 of

isms on or

calindicator challenge system

Note 1 to entry: Fgo;0gicaL €an be calculated by multiplying the D, 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: I

SO 11139:2018, 3.116]

© IS0 2024 - All rights reserved
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3.26

health care facility

HCF

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

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

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

3.27

health care product
medical device, including in vitro diagnostic medical device, or medicinal product, including
biopharmaeettieat

[SOURCE: ISO 11139:2018, 3.132]

3.28
holding time
<moist hegt sterilization> period for which the temperatures at the reference measurement pgint 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
installatign qualification

IQ
process of|establishing by objective evidence that all key aspects of the process equipment anid ancillary
system insfallation 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
distributiopn and orientation of atoad

Note 1 to entry: For the purpesesof 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 glements 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;

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

supporting or sustaining life;

1 of conception;

disinfection of medical devices;

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

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 e
include:

— itemss
pouche]
disinfe
aids for
deviceq
— deviceq

[SOURCE: |

3.34
microorga

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

[SOURCE: ]
3.35

moist heat
ergy in the presence of moisture used as the sterilizing agent to achieve the specified requirements

thermal en
for sterility

3.36
non-condg
NCG
air and/or

[SOURCE: ]
3.37

htry: Products which may be considered to be medical devices in some jurisdictions, but‘h

pecifically intended for cleaning or sterilization of medical devices;
s, reel goods, sterilization wrap, and reusable containers for packaging of medical devices for
Ction substances;

persons with disabilities;

incorporating animal and/or human tissues;

for in vitro fertilization or assisted reproduction technologies:

SO 11139:2018 and Amd 1:2024, 3.166]

Inism

SO 11139:2018, 3.176]

y

nsable gas

pther gas which will not liquefy under the conditions of a saturated steam sterilizatior]

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

pt in others

terilization;

process

operation

0Q

hl n_nalifirafinn

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

[SOURCE: I

3.38
operating

S0 11139:2018, 3.220.3]

cycle

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

Note 1 to en

[SOURCE: I

try: Loading and unloading are not part of the operating cycle.

S0 11139:2018, 3.188]

© IS0 2024 - All rights reserved
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overkill approach
method of defining a sterilization process that achieves a maximal sterility assurance level (SAL) for product
substantially less than 10-6

[SOURCE: I
3.40

SO 11139:2018, 3.190]

packaging system
combination of a sterile barrier system and protective packaging

[SOURCE: I
3.41

SO 11139:2018, 3.192]

performallce qualification

PQ
process of
produces a

[SOURCE: I

3.42
plateau pe
equilibrati

[SOURCE: ]

3.43
porous
<sterilizer

[SOURCE: I

3.44

precondit
treatment
humidity, 3

[SOURCE: I

3.45
preventivy
action to el

Note 1 to en

Note 2 to
recurrence.

establishing by objective evidence that the process, under anticipated conditions, c
product which meets all predetermined requirements

SO 11139:2018, 3.220.4]
riod
bn time plus the holding time

SO 11139:2018, 3.195]

load> permeable to water, air or other fluids

SO 11139:2018, 3.197]

oning

of product, prior to the operating cycle, to attain specified values for temperatu

nd/or other process variables

SO 11139:2018, 3.200]

P action
iminate the cause-of a potential nonconformity or other potential undesirable situatio

try: There cahdbe more than one cause for a potential nonconformity.

ntry: Preventive action is taken to prevent occurrence whereas corrective action is taken

bnsistently

e, relative

to prevent

[SOURCE: ]

S0°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

performan

ce 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

[SOURCE: I

item can contain a physical indicator, biological indicator or chemical indicator.

SO 11139:2018, 3.205, modified — Note 1 to entry has been added.]

© IS0 2024 - All rights reserved
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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: I
3.48

SO 11139:2018, 3.211]

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

Note 1 to e

changesin ¥

[SOURCE: ]
added.]

3.49
product
tangible re

EXAMPLE
[SOURCE: |

3.50
product f3
group or st
and proces

Note 1 to en
[SOURCE: I

3.51
reference
specified |

[SOURCE: |

3.52
reference
location of

[SOURCE: ]

3.53
reference

tryv Eor the nurnases of thic document nracess variables are canditiong wwithin 2 ctoriliZzat
L o

vhich alter microbicidal effectiveness, i.e. exposure time and temperature in the presence of'm

SO 11139:2018, 3.213, modified — EXAMPLES have been deleted and Note 1 €p-entr

sult of a process
Raw material(s), intermediates, sub-assembly(ies), healthcare preduct(s).
SO 11139:2018, 3.217]
mily
Ibgroup of product characterized by similar attributes determined to be equivalent for
sing purposes
try: See Annex G.

SO 11139:2018, 3.218, modified — Note-1 to entry has been added.]

load
ad created to represent combinations of items that provide defined challenge(s) to a p

SO 11139:2018, 3.226]

measurement.point
the sensor controlling the operating cycle

SO 11139:2018, 3.227]

niicroorganism

on process,
oist heat.

y has been

evaluation

rocess

microbial stratmobtaimed fromraTecognized cultture cottection

[SOURCE: I
3.54

S0 11139:2018, 3.228]

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.

© IS0 2024 - All rights reserved
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requalification
repetition of part or all of validation for the purpose of confirming the continued acceptability of a specified

process
[SOURCE: I

3.56
saturated

SO 11139:2018, 3.220.5]

steam

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

[SOURCE: I
3.57

SO 11139:2018, 3.241]

saturated
validated j
surfaces to

[SOURCE: ]

3.58
services
supplies fr

EXAMPLE
[SOURCE: |

3.59
specify
stipulate if

[SOURCE: ]

3.60
spore log 1
SLR
negative ey

Note 1 to en
[SOURCE: 1

3.61
sterile
free from

[SOURCE: I
3.62

steam sterilization
rocess which involves the direct contact of saturated steam as the sterilizing agent
achieve the specified requirements for sterility

SO 11139:2018 and Amd 1:2024, 3.368]

bm an external source, needed for the function of equipment
Steam, electricity, water, compressed air, drainage.

SO 11139:2018, 3.252, modified — EXAMPLES have been‘added.]

detail within an approved document

SO 11139:2018, 3.259]

rfeduction

fponent to the base 10 describing the decrease in the number of spores

try: It is expressed as a logarithm.

SO 11139:2018, 3.260

iable micr@erganisms

SO 11189:2018, 3.271]

bn product

sterile bar
SBS

rier system

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

[SOURCE: I

3.63
sterility
state of bei

S0 11139:2018, 3.272]

ng free from viable microorganisms

Note 1 to entry: In practice, no such absolute statement regarding the absence of microorganisms can be proven.

© IS0 2024 - All rights reserved
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[SOURCE: I
3.64

ISO 17665:2024(en)

SO 11139:2018, 3.274]

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-¢ or 10-3. When applying this quantitative value
to assurance of sterility, an SAL of, for example, 10-¢ has a lower value but provides a greater assurance of sterility
than an SAL of 10-3.

[SOURCE:

011139:2018, 3.275, modified — Note 2 to entry has been added ]

3.65
sterilizati
validated p

Note 1 to en
amicroorgdg
to a very loy

[SOURCE: |

3.66
sterilizati
predeterm

[SOURCE: ]

3.67
sterilizati
series of ad

Note 1 to e
conditions,
cleaning, di

[SOURCE: ]

3.68
sterilizati
minimum {

[SOURCE: I

3.69
sterilizing
physical ol

pn
rocess used to render product free from viable microorganisms

try: In a sterilization process, the nature of microbial inactivation is exponential'and thus, thg
nism on an individual item can be expressed in terms of probability. While this'probability car
v number, it can never be reduced to zero.

SO 11139:2018, 3.277]

pn cycle
ined sequence of stages performed in a sterilizer to achiéve product free of viable micrg

SO 11139:2018, 3.279]

pn process
tions or operations needed to achieve the specified requirements for sterility

htry: This series of actions includes.pre-treatment of product (if necessary), exposure, und

fo the sterilizing agent and any necessary post treatment. The sterilization process does not
tinfection or packaging operations that precede sterilization.

SO 11139:2018, 3.284]
pn temperature
emperature on Which the evaluation of the sterilization efficacy is based

SO 11139:2018, 3.286]

agent

b survival of
be reduced

organisms

er specified
include any

to achieve

- chemical entity, or combination of entities having sufficient microbicidal activity
da%

sterility u
[SOURCE: I
3.70

dafiaod B-diEian.
aCT OCTIIIC O COTIaTcIroTrS

SO 11139:2018, 3.288]

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

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

[SOURCE: I

SO 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
confirmatipn process, through the provision of objective evidence, that the requirements foil a specific
intended upe or application have been fulfilled

Note 1 to e?try: The objective evidence needed for a validation is the result of a test or other form of defermination
such as performing alternative calculations or reviewing documents.

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

3.74
verificatign
confirmatipn, through provision of objective evidence, that specified requirements have been fulfilled

Note 1 to entry: The objective evidence needed for a verifigation 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 enftry: The word “verified” is used to designate a corresponding status.
[SOURCE: ISO 11139:2018, 3.314]

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

[SOURCE: ISO 11139:2018,.3.325]

3.76
zvalue
change in t|emperature of a thermal sterilization or disinfection process that produces a tenfold ¢hange 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

sterilizatio
— contro
provis
contro
— contro
NOTE |
systems forj

products ca
recognized

4.2 Apr

purposes, ised in meeting the requirements of this document.

NOTE |
control of n

5 Steril

5.1 Ster

511 Th
a) define
b) demon
c) identif
d) assess
e) identif

This activity may be undertaken in a test or prototype system. Where this occurs, the final

specificati
equipment

5.1.2 Fo
sterilizing

NOTE
(3.10) with

assignm

n process include but are not limited to:

| of documentation, including records;

ent of management responsibility;

ion of adequate resources, including competent human resources and infrastructure;

1 of product provided by external parties;

identification and traceability of product throughout the process;

1 of non-conforming product.

SO 13485 covers all stages of the lifecycle of medical devices in the context of quality 1
regulatory purposes. National and/or regional regulatory requirements for the provision of]
[ require the implementation of a full quality management system and the assessment of that
ronformity assessment body.

pcess shall be specified for the calibration of all equipment, including instrumentati

SO 10012 specifies requirements for a system of calibration and I1SO43485 includes requiren
onitoring and measuring equipment.

izing agent characterization
lizing agent

e purpose of this activity is to:

the sterilizing agent;

strate its microbicidal effectiveness;

y the factors that influenceamicrobicidal effectiveness;

the effects that exposukejto the sterilizing agent has on materials;

y requirements for‘safety of personnel and protection of the environment.

pn shall berelatable to the results of experimental studies undertaken in the test o

thé.purposes of this document, the sterilizing agent shall be moist heat. A specificaf

hanagement
health care
system by a

on for test

ents for the

equipment
prototype

ion for the

hoent shall be documented.

regard to the sterilizing agent.

See definitions of moist heat (3.35), saturated steam sterilization (3.57) and contained product sterilization

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

NOTE

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

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) o

rinISO 14937:2009, 5.3.

5.3 Effects on materials

The effect
biological s

NOTE y
compreheny
medical dey
implemente
for each norf

5.4 Envi
Moist heat
impact on

necessary
any) and ]

6 Procd
6.1 Gen

6.1.1 Th
to reprodul

6.2 Prog

6.2.1 Th
moist heat

NOTE )i
inactivation

6.2.2 Prq

0T exposure to molst heat on the physical and/or chemical properties of materials.a
afety shall be assessed.

'he effects of moist heat on a wide variety of materials used to manufacture medical device
ively documented (see [28]) and such documentation is of value to those designing and
ices that are to be sterilized by moist heat. Studies of the effects of a moist heat'\process on a

d during the product design stage. See Clauses 6, 7 and 8. Table A.1 outlines the roles and res
mative section and Annexes F and H give guidance for health care facilitiesTand industrial sett

ronmental consideration

is not normally considered as having a significant envirgnmental effect. However, th
'he environment of the operation of the sterilization process shall be assessed and any
to protect the environment shall be identified. This ‘@ssessment, including potential
easures for control (if identified), shall be documented.

ss and equipment characterization
eral

e purpose of this activity is to specify the entire sterilization process and the equipmen
Cibly deliver the sterilizationyprocess.

ess characterization

sufficient to ensure microbial inactivation. All sterilization processes shall be specifie

ressure isnot a process variable in a moist heat sterilization process since it has no bearing d
. Pressure\s a cycle variable which is employed to control the operating cycle.

gess'characterization, at a minimum, shall include:

hd on their

s have been

developing
product are
bonsibilities
ings.

e potential
) measures
impact (if

L necessary

e process variablessfor moist heat sterilization shall be time and temperature in the presence of

d.

n microbial

a)

and the process parameters and their tolerances;

NOTE 1

heat sterilization cycles.

b)

variables, cycle parameters and their tolerances;

NOTE 2

steriliz

ation process.
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This clause considers all cycle variables and their cycle parameters, 6.2.2 d) considers specific cycle

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

itioning is
a specified

rerilization

indicators,

tem or the

- its SBS or

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) requirpments for the preconditioning of the load prior to sterilization, if suchy-precond
necessary to ensure the efficacy of the sterilization process (e.g. equilibration-ofithe load at
temperature and humidity);

i) requirpments for the post sterilization cycle treatment, if such treatment{s included in the s
process specification (e.g. allowing the load to cool in a controlled envifonment);

j)  thelodation of the reference measuring point;

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

1) the mgximum quantity of each contaminant that can be present in any liquid, air, gas or steam admitted
to the chamber if the contaminant can adversely affeet the product, its SBS or packaging sy4
efficady of the sterilization cycle, e.g. the maximumamount of water that can be suspended i the steam
entering the chamber shall be specified if thatcan cause an adverse effect on the product o
packaging system.

NOTE5  Froperly engineered steam traps and‘separators can be used to remove water from the ste

injection inf

NOTE6
point in the

6.2.3 Th

NOTE1 1
bioburden y

o the chamber.

'he level of risk to the proces$s'and load associated with the presence of contaminants can deps
process when maximum quantities occur.

e acceptable SALforthe process shall be specified.

'he specificationvfor SAL can be based on the determination of the population and resist|
hich can bépn the product at the start of the sterilization process.

NOTE2 1

a 10:6SAL is specified for a product and an overkill approach with recognised time and {

combinatiops fer moist heat sterilization (see Table A.2) is used to achieve the SAL, then the maximum
product wil| be-substantially less than 10-°.

am prior to

nd upon the

ance of any

emperature
SAL for the

NOTE 3

microbiological inactivation methods.

6.3 Saturated steam sterilization processes

See Annex B for guidance on the establishment and evaluation of a sterilization process primarily based on

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)

d)

f)

6.4 Confained product sterilization processes

ISO 17665:2024(en)

the maximum difference between the temperature measured at the reference measuring point and the
temperature determined from the measured chamber pressure using steam table values [see Annex E,
Table E.1 and Formula (E.1)] during the holding time;

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

NOTE2 SeeA.6.1.2.5 and Annex E for guidance on assigning a limit to the difference.

a description of and justified procedure for the steam penetration test used to verify that the level
of residual NCG does not prevent the presence of the validated level of moist heat on the surfaces to
be sterilized, for the product family(ies) known to restrict the penetration of steam by virtue of their

................................................
NOTE3 The presence of residual NCG in the chamber can arise from:

— NdGs carried into the chamber in the steam supply;

— airleakage into the chamber during periods of vacuum;

— NdJG remaining as a result of an inadequate air removal stage of the operating cycle.
a description of:

1) the PCD suitable for the sterilization process and not fitted to,th€ sterilizer to demonstrate a specific
chpracteristic 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
N(Gs (e.g. an air detector), including its sensor location(s), and how to interpret its resul{s;

NOTE 4  The specification for a saturated steam sterilization process normally includes a descriptjon 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 psed for the
detectipn of NCG during each operating cycle. Specified, established and validated alternative methods for the
detectipn of NCGs, particularly in an industrial setting where sterilization processes and load configprations are
specifi¢d in detail, are also possible (but see E.2.3).

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

drynegs of the reference load determined by a change in mass or by presence of perceptible rhoisture.

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

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

a)
b)

9

d)

detailq of thegproduct(s) and its container(s) or, if applicable, reference product(s);

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

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;

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

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

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

a)

b)

)
d)

e)

f)

g)

h)

k)

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

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;

charac

teristics of filters (if used);

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

Annex
for eag
1) a(
2) th
3) th
where
NOTE 1

be imp
penetr

b);
h measuring chain used for control and recording;
lescription of the measuring chain;
b characteristics and location of the sensor;
e measurement range, resolution and accuracy.
applicable, the rates of pressure change capability during eachstage of the cycle;
The specification for the rates of pressure change durifig)each stage of the operatin

prtant as this can influence the integrity of a medical devicé and an SBS, or influence diff
tion into complex devices.

the fa

It(s) and failures recognised by the monitoring.System, together with any visual,

recorded warnings or indications;

the sa
NOTE 4
NOTE 3

inform
to locd
includ

NOTE 4

a desc
chamb

a desd

ety features;
The specification can include safety features for the protection of personnel and the envir
In some jurisdictions specific safety features can be required.

ation and test results whichcan allow the user to establish the conformity of the
1, regional, or national régulations applicable for installation and operation of the
ng those for emissions into the environment;

Citation of appropniate standards can be included.

ription and acceptance criteria for the test to be used to determine the level of air leakd
er if vacuum'is used during the operating cycle;

ription—of the device (e.g. air detector), if fitted, including its settings used to d

g cycle can
1sive steam

audible or

bnment.

equipment
equipment

ge into the

etect non-

condemsable/gas that can be present in steam supplied to the chamber or remain in the chamber after

the ain

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)

)
d)

e)

step-by-step operating instructions;

action

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

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

can be

identified, e.g. if a sensor becomes damaged an open circuit error will be reported;

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) thelocation, 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, steang;
6) elgctrical requirements, e.g. phase requirements, minimum and maximum voltage and maximum
current (amperes), expressed as phase to neutral or phase to phase, forthe electrical supply;
7) maximum level of NCG and liquid water in steam;
8) maximum quantity of each contaminant which can be foundin fluids supplied to the sterilizer, e.g.
compressed air, water, steam.
e) theload 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 attainmentof sterilizing conditions throughout the load or cayse damage
to productfincluding its SBS or packaging system.
6.5.5 The sterilizer specification shall*‘provide a description of how a failure in a control functi¢n does not
lead to a fafilure in recording of precess parameters resulting in an ineffective process appearing feffective.
NOTE This can be achieved by monitoring systems which evaluate and compare data from prodess control,
independent cycle recording, equipment specifications and hardware status indications for fault detectiof, indication
and initiatign of consecutivé safety measures, as applicable.
6.5.6 The softwafe‘used to control or monitor the process shall be prepared in accordance with a
documentdd system that provides documented evidence that the software meets its design intenfion.
7 Productdefinition

71

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 Prod

NOTE

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

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

C.10.2 and Annexes F and H for further guidance.

7.6
of any effe

7.7 A de
challenge
represent g

7.8 The limiting value(s) for each process and cycle variable to which the prfeduct and its SBS oy

system (if

NOTE 1
packaging,

)i

NOTE2 |
processing)

7.9 If thq
affect the 4

7.10 The
applicable,
specificati

7.11 If th
limitations
to (see ISO

7.12 If thq
remaining

specified a

713 Ano

I an SBS is not used (e.g. sterilization of a load in a dental éffice where the items are used imme

dicated PCD shall be specified. Alternatively, a reference device identified-as an 4
ind its SBS or packaging system, shall be specified. For example, productthat can
| specific characteristic(s) of the product.

1sed) can be exposed, shall be specified.

xceeding the limiting values can have an adverse effect on either the performance of the pr
r both.

sterility will not be maintained once the sterilizer dooris opened.

b level of moisture present in the product andyor its packaging system prior to steril
fficacy of the sterilization process, the limiting value(s) shall be specified.

safety, performance and stability -of-a product in its SBS or packaging system,
product potency, after exposure-to-the sterilization process, shall continue to meet d
ns.

e product is a reusable ‘medical device, the instructions for use shall be consult
relating to end-of-life.indicators or the number of processing cycles which they can b
17664-1).

e integrity ofthe product can be affected by a contaminant(s) or process residue (e.g

long with the maximum acceptable limit allowed.

perating procedure shall be specified to ensure that the condition of the product and,

Microbiological, organic and inorganic contamination can be considered when defining the system. See

If biological indicators are used for evaluation of a contained product sterilization process, evidence

biological iEdicator used to evaluate the sterilization process shall be established.

value) of a

ppropriate
be used to

packaging

oduct or its

Hiately after

zation can

hnd where
bcumented

bd for any
b subjected

moisture)

on the preduct or packaging after sterilization, the contaminant or process residfie shall be

if used, its

ferilization

SBS or pacl

faging system presented for sterilization will not compromise the effectiveness of the s

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;
¢) 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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teristics and limitations of load configurations;

using the bioburden approach.

if required, verification of the integrity of the SBS before exposure to the sterilization process;

an estimation of bioburden in accordance with ISO 11737-1 when a sterilization process is established

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 détailed specification
for the stefilization cycle to be applied to defined product without compromising the safety, quality and
performanice of that product.
8.2 The sterilization process shall be specified, including process variablés-and process parameters and
their tolergnces. During the establishment of this sterilization process, progess parameters and gppropriate
cycle parameters shall be measured and used, to confirm reproducibility.
8.2.1 Ifalsaturated steam sterilization cycle is to be used, during the holding time the maximun{ difference
between the temperature measured at the reference measuring.point and the temperature measpured 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 i$ determined based on risk assessment for product attribute.
8.2.2 If an existing validated sterilization proeess, including the sterilization cycle, is intehded to be
used to sterilize defined product, process and equipment documentation shall be reviewed to fensure the
identified yariables in 6.2, 6.3 and 6.4 have been included in the process specification for routine production.
8.3 The gterilization process shall bewestablished 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 eomon 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) developmentofan operating cycle that will deliver the specified SAL.
8.4 The $A¥to he achieved by the sterilization process on ;mdl/m‘ within a prndnr‘r shall he sp cified 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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¢) 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

a)

or exceed the requirements specified in 8.4.1 c) provided that:

the product is assigned to a relevant product family;

b) arelevant sterilization process is specified;

0

the equilibration time does not exceed the maximum for products assigned to the same product family.

8.5 The{
the limitin

8.6 Ifa
commence
product inf

8.7

a)
b)

If big

the mi
into ad

the lod
to the

9

8.71 Th
lower than
microbiolo
(also see Al

NOTE
population

]

8.7.2 Th
within the

NOTE 1
the PCD/ref]

NOTE2 4

they shall conform with ISO 11138-1 and ISO 11138-3;

terilization process shall not expose the product and its SBS or packaging system (ifjus
b process and cycle parameters or contaminants.

saturated steam sterilization process is to be used, the level of residual-air and 1]
ment of the holding time shall not prevent the attainment of moist heat on all surf
ended to be sterilized, including the surfaces in cavities, lumens andtubing.

logical indicators are used to establish the sterilization process:

count the expected or established product bioburden;

ation of biological indicators within the sterilization load and acceptance criteria pog
Gterilization process shall be specified.

e selected biological indicator or inoculated product may have populations and resistg
the minimum values specified in SO 11138-3:2017, Clause 9 in order to obtain a s
oical challenge, but they shall otherwise meet the requirements of ISO 11138-1 and I
hnex B).

'he BI microbiological challénge is calculated as the product of the logarithm to the base ten
f microorganisms and the D value (Bl microbiological challenge = log N, x D;,;-value ; see Fy,

e method of presentation can include inoculated product or the placement of inoculate
product.

onformanceef the biological indicator to ISO 11138-1 and ISO 11138-3 does not apply to the in
erence dévice.

\ test for the ability to sterilize defined medical devices includes test specifications is given

ed) beyond

NCG at the
hces of the

Croorganism, population, resistance and method of presentation shall be identified and shall take

t-exposure

nce values
pecified BI
0 11138-3

bf the initial

).

H carrier(s)

oculation of

n 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

a)
b) they shall be appropriate for their intended purpose;

[f chemical indicators are used as part of the establishment of the sterilization process;

they shall conform to the relevant part(s) of the ISO 11140 series;
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¢) thelocation of chemical indicators within the load shall be specified;
d) the acceptance criteria shall be specified;
e) they shall not adversely affect the medical device by reaction, contamination and/or transfer before,

during or after the sterilization process.

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

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

apply:

biobur
biobun

a)

when {
[SO 11

b)

)
d)

produ

equipn]
less lef
B.4.6i
extrap

NOTE ]

8.12 If aff
order to m

8.13 Calib
intended t

9 Valid
9.1 Gen

9.1.1 Th
definition
stages: ins
is undertal

den determination shall be performed in accordance with ISO 11737-1 if the bioburden (B.2) or

den / biological indicator (B.3) approaches are used;

he bioburden method (B.2) is followed, tests of sterility shall be performedin-accor
/37-2;

t used in establishing the process shall be representative of that to be processed routi

hent used shall be capable of reproducibly delivering a combination’ of process paran;
hality than the routine sterilization process (unless the full cycle overkill approach d
5 used), such that the level of inactivation of microorganisms results in a population

olation with regard to the total result.

'hese approaches are more commonly used in an industrialsetting.

er exposure to the sterilization process, treatment of the product and its packaging is
hintain sterility, this treatment shall be specified.

ration, equipment maintenance, perforfmance test(s) and acceptance criteria (where
ensure that the sterilization process.remains reproducible shall be specified.

htion
bral

e purpose of thisactivity, is to demonstrate that the sterilization process established in {
can be delivered)effectively and reproducibly to the load. Validation consists of severa
fallation quadlification (IQ), operational qualification (OQ) and performance qualificati
ken to dema@nstrate that the sterilization equipment and any ancillary items have beg

and instal
using appr,
process th
equipment
that is ster

d in aceordance with their specification. OQ is carried out either with unloaded eq
priaté-test materials to demonstrate the capability of the equipment to deliver the s
t"has been defined. PQ is the stage of validation that uses product to demonstra

ile and meets the specified requirements.

Hance with

nely;

leters with
bscribed in
hat allows

required in

Applicable)

he process
[l identified
pn (PQ). IQ
n supplied
hipment or
Ferilization
te that the
ds product

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

NOTE 1
monitoring

NOTE 2

9.1.3

as specified in Clause 10.

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

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

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

accordance with the instructions for use;

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

documented evidence of calibration, traceable to a national standard and equipment maintenance in

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

ring chain is used.

a)
b)

measu
NOTE ]

reference st

9.1.6 Th
validation

9.1.7 If
after certiff
be verified

9.1.8 Du

andards with recognized fixed points.

e correlation between readings from sterilizer instruments and independent.test instn
ht the similar sensor locations shall be confirmed.

he equipment could have been affected by packaging, transportation or installatios
ied final inspection tests at the manufacturing site, conformancewith related specificg
during validation (IQ and 0Q).

Fing 1Q, OQ or PQ, as applicable, it shall be verified that fault recognition and operati

National calibration reference standards are often mutually recognized and traceable (tp itIlternational

uments for

n activities
htions shall

bnal safety

systems function and conform with their performance specifications. Verification can be carried out as far

as possible

q

J

NOTE
sterilizers t

9.1.9
the IQ and
to the equi

9.2 Inst

9.2.1 Ing
installed irf

NOTE 4

9.2.2 It 4
services cd

without compromising the safety, functional integrity and certified conformity of the

uitable procedures for testing the fault recognitioriand operational safety systems can be avd
bchnical documentation.

If an existing sterilizer with a validated sterilization process is to be used to process a ne

0Q stages of the existing validation(may be accepted, provided that changes have not
pment since the existing validation:

hllation qualification (1Q)

tallation qualification)shall demonstrate that the equipment and ancillary items
accordance with'their specification.

\dditional regional, national and local regulations can also apply.

hall be'wverified that the installation of the equipment, ancillary items and the suj
nfornpwith their specifications.

sterilizer.

ilable in the

w product,
been made

have been

bply of the

9.3 Ope

rational qualification (0OQ)

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 0Q may be performed with a test load.

NOTE I

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

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

sterilizatio

n.

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

ionale shall be documented for the number and locations of temperature sengors

biological

hnd/or chemical indicators used to demonstrate that requirements are met throfighout the load.

ecks shall include and verify that:
hnd 0Q were successful;

S or packaging system is the same as, or is a greater challengé-to that intended
tion;

d configuration conforms with 6.2.2 f) and g) and is cofisidered to be representati

challemnging to the sterilization process than the routine load;

t load, if used, represents product that will be routinely processed and that is asg
t family(ies) compatible with the one(s) assigned-te the sterilization cycle or that rep
t families considered to be a greater challenge\to'the sterilization process;

the lodd configuration and any required preconditioning conforms with 6.2.2 f), g) and h) an

ing load configurations will be used; the extent to which the variation affects the s
s shall be evaluated to ensure that@ll product exposed to the sterilization process a
ed SAL.

each of the following, studies shall establish:

mity to the sterilization process identified during process definition and the limiti

paramketers of the procesS-variables identified for the product, SBS or packaging system;

required for theCondition of the product and SBS (as applicable) as presented to the s
S;

hperatureprofile(s) on and throughout product located in representative positions in {

hpératures measured during the plateau period;

for routine

ye Oor more

igned to a
resents the

jon

7.13;

)

terilization
rhieves the

ng process

rerilization

he load;

been met.

9.4.3 Raf

indicators

9.4.4 Chq

a) thelQ

b) the SB
produ

c) the log

d) the tes
produgd
produ

e)

f) if vary
proces
requir

9.4.5 For

a) confor]

b) dataas
proces

c) the ter

d) the ter

e)

f)

at

the equilibration time;

the reference measurement point;

on the surface of/ in the load;

Annex E).

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

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

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.

the holding time;

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

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

that the response of the chemical indicator or biological indicator or sensor contained in the PCD

g)
h)
i)
accord
NOTE 2
indicat
j) theint
NOTE3 |
unwrapped

room) after

9.4.6 If,i
by microbi

a) biobur
b)
9]
NOTE 1

combij

overki

q

4

NOTE2 ]

When the
provided t

9.4.7 Th
SAL is coq
configurat
containing
consecutiv
specificati

NOTE ]
H for additi

PCDs are discussed in greater detail in Annex A (air removal indicator) and in Annex B((m1id
Dr).

egrity of the SBS when used.

if they are immediately and aseptically transferred to the point of use (e.g(the sterile field in g
removal from the sterilizer.

n addition to the measurement of physical parameters, the Sterilization process is to
plogical methods, then it shall be qualified and one of the following methods shall be u

den method;

ned bioburden/biological indicator method; or

] method.

ee Annex B.

'he bioburden and bioburden/biologicat inndicator methods are also known as product specific

bioburden is not known or measurable, a process based on an overkill approach sh
nat the product is stable wheh.exposed to the specified process conditions.

h

e reproducibility of the-sterilization process shall be demonstrated to ensure th
sistently delivered-to/the load. Either a defined load (e.g. a contained product loa
on(s) considered-to-be the most challenging to the sterilization process (e.g. a load co1
defined product-families for saturated steam sterilization) shall be exposed to at
e sterilization-processes to demonstrate that the sterilization process is reproduciblg
n and specified tolerances.

'hree‘consecutive sterilization processes does not necessarily mean one after the other. See An
nal'information on the interpretation of this subclause.

robiological

roduct is normally wrapped in an SBS or packaging system. However, medital‘devices can he sterilized

n operating

be verified
sed:

approaches.

hll be used

e required
d) or load
hfiguration
east three
within its

nexes F and

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
monitoring

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

of external

9.4.9 Non-conformance with the sterilization process specification during PQ shall be reviewed and

corrected.

© IS0 2024 - All rights reserved

25


https://standardsiso.com/api/?name=8a687bdb15c7440f53677c7fa79416c1

ISO 17665:2024(en)

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)
c)
d)
e)
f)
g)

the pr
a desc]

the di
device

h) the pe

proceg
i) thePC
j)  the big

10 Routj
10.1 Rou

10.1.1 Th
has been d

10.1.2 Ro
that the pr

10.1.3 De
routine md

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

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

cedures for any preconditioning of product, if used;
ription of the SBS or packaging system and methods of packaging;

stribution and orientation of medical devices within a package containing multip
K, if applicable;

riodic tests and equipment maintenance activities necessary to indicate delivery o
S;

D and the product family(ies) for which it is relevalit;
burden, if applicable.

ne monitoring and control

line monitoring

plivered to the product for each sterilization process that is carried out.

itine monitoringzahd control shall be performed on each operating cycle in order to d4
bcess variables for moist heat sterilization are attained.

ivery ofan effective sterilization process shall be verified by confirming that recorded
nitoring are within specified tolerances measured by physical sensors together with

from chem

le medical

[ a reliable

e purpose of this activity is)ito demonstrate that the validated and specified sterilizatjon process

tmonstrate

| data from
the results

Iical 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)
b)

air leakage into the chamber;

conductivity of feed water, contaminant(s), moisture content);

9

EXAMPLE

A record of the timings of each stage along with pressure maximum and minimum val

air removal and steam admission pulse.
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automatic control (e.g. a test to verify that the operating cycle continues to function correctly);

ues for each
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d) asteam penetration test using a defined test load which shall be conducted using devices independent
of the sterilizer and the sterilizer control;

NOTE 1

of whic

NOTE 2

h can contain an indicator.

For equipment or processes not intended for hollow or porous items (i.e. those which do

air) a steam penetration test cannot be required.

10.3 Process verification

The steam penetration test comes in many forms including Bowie and Dick tests and hollow PCDs both

not entrain

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 dd
process ou

10.4 Eval
For saturat

NOTE1 |
recorded d3

a) thedu

tempe

NOTE 7
as mee

Lcome.

uation of additional data for saturated steam sterilization processes
ed steam sterilization processes, evaluation of additional data and information shall i

valuation can be carried out automatically by a validated software system or by visual exq
ta.

Fation when the temperature at the reference measurement/point is at or above the s
rature;

If the data recording system reports that the validated duration has been achieved this can
fing the requirement.

rature at the reference measurement point and chamber pressure during the plateau |
hvailable, the temperature determined from~measured chamber pressure accordin
alues (see Annex E) during the holding time;

stages of the operating cycle:

e chamber pressure;

e temperature measured atthe reference measurement point;

e chamber temperature(ifjprovided;

Printed records Canprovide a summary of the information above, assisting conformity asjs

sults obtained )ffom a PCD containing an indicator sensor designed to assess

ee 6.3 cjand d)];

ults ©btained from a process monitoring system (e.g. an air detector) fitted to the s
process control, if used, [see 6.3 c) and €)];

cumented and evaluated with respect to possible detrimental impact on the I'EIIaUllity of the

hclude:

mination of

terilization

be regarded

beriod and,
b to steam

essment.

a specific

teristic of thé sterilization process, such as adequacy of air removal and steam penletration, if

terilizer as

b) tempe
when
table v

c¢) forall
— th
— th
— th
NOTE 3

d) the re
charad
used [

e) the res
part of

f)

systems of the load.

NOTE 4

results of inspection procedures employed to confirm the dryness and integrity of the SBS or packaging

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

10.5 Eval

For steriliz

a)

used in an industrial setting.

uation of additional data for contained product sterilization processes.

ation processes for contained product, evaluation of the data shall include:

thermal relationship to the contained product or load, if used as part of process control;
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ing cycle;

used as part of process control and monitoring;

g)

the integrated lethality, F,

the time of the plateau period;

the holding time;

,if used;

the temperature at the reference measurement point_and the chamber pressure for all stages of the

the temperature measured in the product during the heating stage, plateau period and cooling stage if

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

10.6 Reccl)rd retention

All records

11 Prody

11.1 The

11.2 Proc
product re
define the
met, prody

procedures

q

J

NOTE 1
H).

NOTE2 |

positive bio
be used as d

11.3 Asyg

12 Main

12.1 Purj

The purpo
in accorda
validation

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

1ct release from sterilization

bdures (e.g. standard operating procedures, also knownas/’SOPs) for the review of r
lease from the sterilization process shall be specifiedrand documented. The proce

ct shall be designated as non-conforming and hardled in accordance with standard

P .

d
requirements for designating a sterilization process as conforming. If a requireII

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

bcords and
re(s) shall
ent is not
operating

uitably trained and qualified individuals can peFform product release (see 4.1, A.10.2 and Anpnexes F and

xamples of nonconformance include a-‘process or cycle parameter being out of specificatio
ogical indicator or a chemical indicater failing to meet its endpoint. An acceptable test for stet
onfirmatory evidence of process sucecess. See also Annex F and H for further guidance.

tem shall be specified to.ensure that processed and non-processed items are clearly diff

taining process effectiveness

DOSE

hce with its specifications, configurations and pre-conditioning requirements as st
documentation. In addition, it shall be confirmed, that approprlate periodic tests ca

ke of thishactivity is to ensure that the products to be sterilized are presented for st

n, a growth
ility cannot

erentiated.

erilization
hted in the
ibration of

measuring

L pa | 1363 £
Lllalllo, C\.iull)lllclll, ulcuu\.cucuu,c, Clll_y I C\.iull Cul1 C\.iblclllll\,aLlUll auu dll QDDCDDIIICIIL Ul dl

has been carried out.

12.2 Demonstration of continued effectiveness

12.2.1 Product presented for sterilization shall conform with:

a) the productidentified during product definition;

b) theload configuration as defined during PQ;

9

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

equipment maintenance tasks and

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

steam penetration for the process.

The steam penetration test is carried out using a device having a defined challenge to air removal and

NOTE 2 IIf the sterilizer is used continuously for production of product, the test can be done at leastevefy 24 h.
12.2.5 Fop applications using saturated steam sterilization in which defined loads known Hot to|inhibit the
penetratioh of steam, are being processed, alternative methods may be used to confifm-steam penetration
based on specified physical measurements and a risk assessment of the likelihood of process failyre.

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

12.3 Recalibration

The accuracy and reliability of each measuring chain used, te  control, monitor, indicate, or frecord the
sterilizatign process shall be verified periodically in accordance with standard operating procedfyires.

12.4 Equijpment maintenance

12.4.1 Prgventative equipment maintenance(shall be planned and performed in accordance with
documentdd procedures.

Calibratiorn], equipment maintenance, {performance test(s) and acceptance criteria (where ppplicable)
intended tp ensure that the sterilization process remains reproducible shall be specified as part of the
process (sde 8.13).

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

12.4.3 The equipment maintenance plan, procedures and records shall be retained and r¢viewed at
specified intervalsby a responsible person. The results of the review shall be documented.

12.5 Reqnalification

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;

) variatilon of homogeneity of the process variables in the usable chamber space of the sterilizg

d) new o1 modified software for process or cycle control and monitoring and/or hardwdrerepl
modification of the automatic controller or its software;

e) any chpnge to a process or cycle parameter;

f) any chpnge to services and the outcome of equipment maintenance on a service;

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

h) any chpnge of load configuration;

i) any chiange of product manufacturing processes, product materials or source of materials o
produdt;

j) any chpange of equipment maintenance procedures.

12.6.2 Th

of changed made to the sterilization process, pfoduct or requalification requirements, if an
documentgd.

e outcome of the assessment, including the rationale for the decisions reached and

r;

hcement or

r design of

the extent
y, shall be
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Annex A

(informative)

Guidance on the principles of moist heat sterilization and rationales
for requirements

A.1 General

Al11 Th

settings in

A.1.2 The
of discrete

its compor
organisati
detail, thos

A.1.3 Th
requireme
intended t
for achievi

e purpose of this Annex is to provide general guidance on the principles of moist héat's
and rationales for the requirements. The clause numbering in Annex A does not, and is not'intend
with the nprmative text. Specific guidance for health care facilities is given in Annex ‘Fyand for
Annex H where guidance clause numbers align with normative clause numbers.

development, validation and routine control of a sterilization_prpcess comprise
e but interrelated activities, e.g. calibration, equipment maintenance, product
process definition, IQ, OQ and PQ. Table A.1 summarises the various seetions comprising this
ent parts and purpose and an indication of the personnellor operational functiong
n who can be responsible for ensuring implementation. The subsequent sections discu
e elements.

e guidance given in this Annex is not intended as a’checklist for assessing conforman
ts of this document. This guidance considers*the principles of moist heat steriliza
assist in obtaining a uniform understandingby providing explanations and acceptab
hg conformance with requirements. Methods other than those given in the guidance c4qn be used.

rerilization

ed, to align

industrial

a number
definition,
document,
within an
Ss, in more

e with the
tion and is

e methods

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

Quality system To provide a structuge to con- | Management responsibility, |All parties with respect to the

trol all stages of'the steriliza- |design control, product reali- |elements undertaken

tion process zation, measurement, analysis

and improvement

Sterilizing agent | To speeifjthe sterilizing Sterilizing agent definition, Developer of the sterilization
characterization |agentand to establish its microbicidal effectiveness process

microbicidal effectiveness studies, material compatibili-

considering relevant parame- |ty and biological safety

ters impacting efficacy.
Sterilizatioh pfo:* |To provide a specification of |Sterilization process cycles Sterilizer manufacturgr, in
cess/equipmént the whole of the sterilization |and parameter specification, |collaboration with th¢ developer
characterization |process and the equipment equipment specification, of the sterilization process, if

necessary to carry it out

ancillary equipment, and ser-
vices, safety and environment

appropriate

Product definition

To define the product to be
sterilized

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

Manufacturer of the product to
be sterilized (and sterilizer man-

ufacturer, depending on claims
made for sterilizing equipment)

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

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

Table A.1 (continued)
Elements Purpose Components Responsible party
Validation To demonstrate that the de- |Installation qualification, Organization with responsibility

for sterilizing the product which

can be either:

— the manufacturer

product to be sterilized;
— or the processing facility,

in collaboration with the steriliz-

er manufacturer, if ap

of the

propriate.

Routine monitor-

To demonstrate that the val-

Load, load configuration, ster-

Organization with responsibility

ing and controt

tdated Stertizatton process
has been delivered within
defined tolerances to all prod-
ucts within a load

tHzation process Mmonitoring,
record generation, periodic
testing, record retention

for StertitzZing the pro
can be either:

— the manufacturer
product to be sterilize
— or theprocessing

in collaboration with
ersmanufacturer, if ap

luct which

of the

d;

facility,

the steriliz-
propriate.

Product rel
from sterilj

ease
zation

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 (ifany)

Obganization with res
for sterilizing the pro
can be either:

— the manufacturer
product to be sterilize

— or the processing

in collaboration with

ponsibility
Huct which

of the
d;
facility,

the steriliz-

er manufacturer, if appropriate.
Maintaining ster- |To ensure the continued Equipment maintenance and |Sterilizer manufacturgr and the
ilization prpcess  |acceptability of the validated |calibration. Assessment of organization with responsibility
effectivenefps sterilization process change. for sterilizing the profluct which

can be either

— the manufacturer|of the

product to be steriliz¢d;

— or the processing facility.
A.2 Normative references

No additio1

A.3 Teri

Users of tH

nal guidance.

ms and definitions

is doeument should familiarise themselves with the terms and definitions defined

n Clause 3

and subsequeéntly used throughout this document to ensure a complete understanding of the|context in
which the&mmﬂ%maﬂ&a.m&dﬁ&&h&mﬂs&d&ﬁﬂﬂmsm&dxe 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 Gen

eral

A.4.1 This subclause describes the need to have a documented approach to specific processes in order to
ensure consistent implementation of the requirements of this document. This document cannot require a
formal quality management system (e.g. as described in ISO 13485), however there are significant benefits
of combining the individual documentation processes required in this document into a formal quality

management system.
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A.4.2 This document does not require that a complete quality management system conforming with
[SO 13485 be implemented, nor does it require that those quality management system elements that are
specified be subject to third party assessment. However, it is advisable to consider implementation of
documented procedures in order to reduce the risk of non-sterile products entering into use.

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

a) control of documentation, including records;

b) assignment of management responsibility relating to;

1) management commitment,

2) customer focus,

3) quality policy,

4) planning,

5) repponsibility,

6) authority and communication, and

7) management review;
¢) provisjon of adequate resources, including competent human resources and infrastructure;
d) control and verification of product and services provided by external parties;
e) identiffication and traceability of product throughout the process;
f) control of non-conforming product;
g) maint¢nance and repair of equipment;
h) calibrdtion of monitoring and recerding systems;

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

A.4.4 The processes inyolved in the development, validation and routine control of a sterilizatjon process
can involve a number of/séparate parties, each of whom has responsibility for certain elements. The parties
accepting 1lesponsibility for defined elements are required to ensure competent personnel, with competence
demonstl;?]red andidocumented 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.

© IS0 2024 - All rights reserved

33


https://standardsiso.com/api/?name=8a687bdb15c7440f53677c7fa79416c1

ISO 17665:2024(en)

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

sterilizati
sufficient |

A.5.3.2 T
some regu
or more off
time and t
which makK

are listed in Table A.2. The tolerances (often termed the sterilization temperature band) associ:

particular
at which p
plus 3K mi
in which t
which proj
temperatu
Generally,
the literaty
when appl

b bring about microbial inactivation.

here are a number of recommended time and temperature combinations which, are rec
atory authorities and pharmacopoeias as acceptable processing conditions.{t is comn
these time temperature combinations to be available on commercially available ster
bmperature combinations only describe the holding times, not the air removal or dry
e up the whole of a saturated steam sterilization cycle. Some examples of these co

Sterilization temperature is determined by a minimum temperdture and a maximum te
Foduct qualification can be maintained. For example, a sterilization temperature ban
hus zero K. All combinations listed in Table A.2 are based on the concept of an overki
he microbial inactivation brought about by exposuresto the moist heat process ens
ides a greater assurance of sterility. If other less widely recognised combinations d
Fe in the presence of moisture are used, then micrebicidal capability could need to be ¢
the lethality of moist heat processes is predictable using the mathematical methods d
Ire (e.g. F, estimation of equivalent time of exposure at 121,1 °C). However, care shou
ing this approach since such mathematical‘approaches will only apply across a limit

f moisture

ognised by
hon for one
lizers. The
ing stages
mbinations
ited with a
mperature
H would be
1 approach
hires a SAL
f time and
stablished.
pscribed in
d be taken
bd range of

time and t¢gmperature combinations.

Table Aj2 — Examples of typical combinations of minimum temperature and time for mgist heat

sterilization

Temperature Holding timeP
°C
121
126
132 4 50
134 3 60

F, valde is only known to be applicable to contained product sterilization processes. Its application in
aturatéd steam sterilization processes is possible but the presence of significant quantities of residua
hir-in‘the chamber or other NCGs introduced with the steam can reduce the microbicidal lethality to 4
ot when the equation used to calculate F, valuesis no longer valid

F,value?
min
15
30

min
15
10

h

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)

pressu

b)

re reduction ratio for each stage does not exceed 2:1;

25 m/s);

9

prior to sterilization.

A.5.4 Thj

A.54.1 F
inadequats
sterilizer 3
corrosive g
asadrynes
and heat t)
the plateat
contamina

A.5.4.2 i
contamina
between t}
from feed ¥
materials
can also arj
traps) as if
given to t
carry over
waterborn
which, if pi
present a1
ophthalmi
feed water
steel for th
inhibitor c
dedicated

A.5.5 Non-condénsable gases in the steam supply

Non-conde
the steam

e erfect o1 contaminants

por a saturated steam sterilization process, contaminants can include NCGs)arisin
air removal stage, air leakages into the chamber, or carried within the-Steam suj
nd which can affect the microbial lethality of moist heat at the surfaces’to be st
gents similarly carried in droplets of liquid mixed with the steam supply. Liquid water]
s fraction (see C.10), can also be considered a contaminant since thiswill affect steam g
ansfer rates to product and the ability of the process to dry the product (see D.2) af]

hts can depend upon the point in the process when maximum quantities occur.

norganic (e.g. salts used in water purification systems) er'érganic (e.g. filming amines, ¢
hts suspended in the sterilizing agent can be both texi¢*and corrosive and can generat
e microorganism and the sterilizing agent on load' surfaces. The contaminants ca
vater, that is heated or evaporated into steam. They can also originate from contact b

ise from the pipework and engineering devicés employed to condition the steam (e.g.
is transported to the chamber and finally condenses on the product. Consideration
ne impact from raw water, water treatment plant, boiler and steam distribution
unwanted substances such as anti-foaming agents, and corrosion inhibitors. The
e microorganisms in boiler feedwater can give rise to the creation of organic bacterial g
esent in fine droplets of water carried within the steam, can contaminate the load an
isk of adverse reaction (pyfogenesis) in patients, e.g. toxic anterior segment syndrom
F surgery. If the level of gontaminants in the sterilizing agent can be affected by the qu
to the steam generation-System, the feed water quality should be specified. The use

e fabrication of steamr-generation equipment and pipework can help reduce the need fo
hemicals and therefore contamination from inorganic and organic substances. Simil
team generation equipment enables greater control over the quality of the steam prod

nsable gases (NCG) will inevitably be present in steam from dissolved gases in the fe
béneration equipment. Hence, steam supplied to a sterilizer will inevitably have small

having a series of pressure reduction stages from the supply pipe to the chamber and ensuring the

ensuring steam velocity does not exceed a value which would cause superheating of the steam (e.g.

ensuring materials made from natural fibres are preconditioned to a humidity greater than 40 % RH

g from an
bply to the
brilized, or
expressed
enetration
the end of

period of the process. The level of risk to the process and load<associated with the presence of

ndotoxins)
e a barrier
L originate
btween the

f the steam generation system (e.g. shell baoilers) and the generated steam. The congtaminants

rondensate
should be
which can
resence of
ndotoxins,
1 therefore
b (TASS) in
ality of the
bf stainless
I corrosion
hrly, use of
uced.

edwater of
quantities

of NCG ent

dinmed withim it Tte acceptabie content of NCG 1T the Steam supply 15 givemn by tie m

thod 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 ster
overpressy
containers
steam and

A.5.6.2 I
removal fr]
of the oper
measuring
sometimes
approach s
steam at t
measurem

or chemicall indicators) can be needed to confirm the presence of moist heat and sterilizing condi

A.5.7 W3

A.5.71 V|
from the st
steam geng
as aresult
load after {
from the sf
the produd
non-sterile
in Annex C

A.5.8 Effiects on matérials

Material ef
pressures
agent.

HiZzatiom processes (contained product STeriiiZzation Processes) can deliberately
re of air (air ballasting) within the chamber in order to prevent distortion and fracturg
When these processes are used, engineering measures are implemented to ensure’m

hir in order to create a homogenous heat transfer medium within the chamber:

1 saturated steam sterilization processes thermal measurements are. often used to|
om and steam penetration into loads. Thus, throughout the air remaeval and equilib
ating cycle, the difference in temperature between the temperatGre measured at th
point in the sterilizer and a measurement point on a medical device or in a referen
be considered an indicator of the presence of moist heat at-the measurement loc
hould be used with care as thermometric methods canngtydifferentiate hot air from

bnt methods responsive to the presence or absence of imeisture (for example biologica

iter droplets entrained within the steam\supply

Vater droplets can be entrained withinthe steam supplied to a sterilizer. This wate
eam generation system. The water can contain inorganic and organic contaminants pre
rator as discussed above. Steam containing large quantities of liquid water carries less

he drying stage (also known as reconditioning) resulting in loads which are wet whe
erilizer. This can compromise the efficacy of the SBS or the packaging system and th
t if using a saturated steam sterilization process, resulting in microbial recontamin
load. Methods for determining the water content of steam supplied to the sterilizer ar¢

fects are@enerally limited to corrosion, deformation and fracture caused by the tempef
pf the sterilizing agent, water content (dryness fraction low) and contaminants in the

employ an
of product
xing of the

assess air
ration part
b reference
re load can
ation. This
saturated

he same temperature. Additional evidence in the form{of 'supplementary tests using different

indicators
tions.

I can arise
bsent in the
energy and

does not facilitate rapid heating(fjload items. Water entrained within steam can remajin with the

n removed
b quality of
ition and a
e described

atures and
sterilizing

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 suff1c1ent to brlng about mlcroblal 1nact1vat10n A
cycle variapte h e be-pressure 5 rebtalHnactivation.

The sterili
exposure

them duri
also includ
processes

A.6.1.1.3

configurat
established
when the d
estimation|
this lethalj
sterilizati

be conside
configurat

A.6.1.1.4
contamina
the medica
of steam e
of airin a
discussed 1

A.6.1.1.5
suitability
should be 1

A.6.1.1.6
the temper

A.6.1.2 S

vation process spe01f1cat10n should mclude all the process and cycle parameters that]

g the air removal stage (conditioning) and the temperature during the holding tim
e the ones used to verify reproducibility. Annex D provides examples of m@ist heat s
hind the associated operating cycles.

A sterilization process is established for a specified product’ family(ies) ar
on(s). The portion of the operating cycle over which micrgbial inactivation is

| should be identified (e.g. the holding stage in a saturated steafm Sterilization process
ontents of containers are above 115 °C and fall below that-value at the end of exposu
of process lethality). The upper and lower limits of each‘process variable that can

ty and the performance of the medical device, shouldialso be defined. The specificat
n process and the equipment that delivers the process-$hould contain sufficient detail
Fed in the subclause that covers process definitiori{see Clause 8) when a new product
on is proposed.

The performance of a medical device can be affected by contaminants on its sy
hts and maximum acceptable concentration(s) contained in each fluid coming into cq
| device should be specified and included in the sterilization process specification (e.g.
htering the chamber in a saturated steam sterilization process or of a ballasting ov

n Clause 5 and in C.10

Provision should be-mdde to monitor and record data for assessing the effectiy
of a routine sterilization process using calibrated instruments. The accuracy of me
elated to the toleraitices of the process and cycle parameters.

ature méasured in the load should be known for each product family.

pecific considerations for saturated steam sterilization processes

fontained product sterilization process). Some of the contaminants which can be cong

The relatipnship between the temperature measured at the reference measurement

define the

profile throughout the operating cycle, e.g. pressure transition points and the\time between

b, It should
ferilization

1ld loading
flaimed or
or the time
re for an F
hffect both
ion for the
for them to
or loading

rface. The
ntact with
the quality
erpressure
idered are

reness and
asurement

point and

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) leaksinto the chamber (e.g. from a faulty door gasket),
2) inadequate air removal (e.g. due to an insufficient vacuum level heing achieved)
3) N(G present in the steam supply;
d) the tept 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 shoulf be taken
when using these processes for other types of products so that.residual air does not affect th¢ microbial
inactivation achieved by the sterilization process.
A.6.1.2.4.2 Air removal is more challenging from complexmedical devices such as instruments|containing
lumens, h¢avy solid masses and instruments and teXtiles contained within their SBSs. THe physical
conditions|required for effective air removal are infldenced by length, width and shape of lfimen, wall
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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
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from the measured chamber pressure using the steam table values will not be an acceptable approach for
detecting the small volumes of air which can cause a process failure.

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

A.6.1.2.5.3 Ideally the limit assigned to the difference should allow for the measured temperature to
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of superheated steam being present. However, the measurement tolerances for the te
re measurement chains are taken into account when setting this limit (typically-1 K
d E for more information).

For these reasons the efficacy of air removal and steam penetration should b
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han that calculated from pressure, but should not be lower, to take into account and limit the
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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 canninclude those devices which are used in
periodic specific tests to establish equipment performance, e:g”the daily Bowie and Dick Test (for more
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from which have a known relationship to those given by the standard method. The pre
ent in the chamber is monitored by the steam penetration test.

A steam penetration test can be based upon a physical measurement, biological in

it represents: A number of steam penetration and air removal test devices arg
ce requirements for chemical indicator-based tests can be found in ISO 11140-3, IS
5 and 450" 11140-6, for physical measurement-based tests in EN 285 for large steam
D60<for small steam sterilizers. Requirements for biological indicators are found in I
138-3. Guidance on the selection and use of biological indicators is found in [SO 11138-
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A.6.1.2.6.4 Master product, which is a health care product or procedure set used to represent the most
difficult to sterilize item in a product family or processing category and reference loads can consist of a
single medical device type, medical devices from different product families or medical devices assigned to
different product families but assembled into a single package. For any reference product or medical device,
difficulty in air removal and the challenge to the sterilization process should not be less than that for any
medical device in the product family(ies) assigned to the sterilization process. Annex G discusses assignment
of medical devices to product families.

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

A.6.1.2.6.6 An air detector is an example of a monitoring device that can be permanently fitted to a
sterilizer which uses vacuum and steam pulsing to remove air during the air removal stage of a saturated
steam sterilization process. It can be used to predict whether NCG remaining in or leaking into the chamber
or being carried in the steam, could, at the commencement of the plateau period, accumulate in parts of
the load (e.g. lumens) and cause a failure of the sterilization process in these parts. The presence of NCG
identified by an air detector can also be caused by the release of NCG when a product or its SBS or packaging
system are heated. The setting of the air detector is based on the defined process parameters and the
product family(ies) that the sterilization process is designed to process. The performance of an air detector
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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
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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

sterilizatio
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se-of this activity is to define the product to be sterilized, including the microbiolog

cal 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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A.7.2.2 Limiting values can be identified for all materials and combination of materials used including the
proposed SBS. The effects of exposure or repeated exposure (when applicable) to the sterilizing agent under
any combination of process parameters on the physical and chemical characteristics and biocompatibility
of the product should be identified. Limiting values for these process and cycle parameters are specified,
because exceeding the specified values could have an adverse effect on the performance of the product or its
SBS.

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

a)
b) holding time (dwell time) at the limiting values;

temperature,

C) pressure;

d) rate oflchange of pressure;

e) rate oflchange of temperature.

A.7.2.4 Any special requirements for preconditioning of the medical device prior to sterilization should
be specified. Natural fibres can contain up to 5 % moisture. When natural fibre's are dried or donditioned
in an environment of less than 35 % RH they can become dehydrated so‘that when they are| sterilized,
they exothermically rehydrate. The process of exothermic rehydration(oan cause localised sfiperheated

steam conglitions which can in turn reduce the level of moist heat to-oxie that no longer achieve$ microbial

inactivatiop.

A.7.2.5 edical devices that are to be processed repeatedly can suffer accumulative chang
surface cracking caused by differential expansion througha thick material, brittleness or del
Crevices aphd lumens can retain organic, chemical and biological contaminants that can caus
reactions gr be unpredictably released during use. Many materials that are subject to repeated
sterilizatian have a long history of safe use, are knows to be suitable and have longevity (e.g. stair
Other mat¢rials, however, can have limited lifespans and require further study. Reference shou
to ISO 109P3-1, ISO 10993-17, ISO 17664-1 and\ISO 14971. During product design, consideratior
given to the procedures for disassembly (if.appropriate), cleaning, disinfection, inspection and st
Guidance and methods for the cleaning and disinfection of medical devices prior to steril

es such as
amination.
e material
moist heat
lless steel).
d be made

should be
erilization.
zation are

addressed n the ISO 15883 series of standards. Information to be provided by a medical device manufacturer

for the processing of a medical device)is given in ISO 17664-1. The efficacy of the sterilization g
be affected by contaminants present on the surface of the medical device prior to sterilization

rocess can
. A system

psented for
d and does
e achieved
Cluding the
ical level of
e efficiency
ich further
1idance for

should be flefined, documented. and maintained to ensure that the condition of the product pr¢
sterilizatian, including microbiological, organic and inorganic contamination levels, is controlle
not comprpmise the effectiveness of the sterilization process. The means by which this can b
depend uppn the area gf-application. In a health care facility multiple factors are considered, in
cleaning method and.procedures recommended in the medical device instructions for use, the typ
soil on the|device based on the type of procedure in which it was used, the cleaning solutions, th
of the manpal offautomated washer-disinfector process, the control of the environment under wh
handling ofeurs and the efficacy achieved in the saturated steam sterilization process. Further g

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

A.7.3 Sterile barrier system

A.7.3.1 The major function of an SBS is to ensure that the medical device remains sterile until opened for
use. Sterile barrier systems should allow penetration of the sterilizing agent and withstand the stresses that
occur during a sterilization process, remain secure, and should not have a negative effect on the quality of
the medical device (e.g. by generating particles). Sterile barrier systems for a medical device sterilized in a

saturated

The combi
polymeric
restriction

A7.3.2 F

pouches), t
should ren

aqueous-b

steam-air mixture in order to provide an external overpressure which will'prevent the container

or breakin

A7.3.3 P

storage an
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boxes can |
of the steri
effectivene

Fteam sterilization process should meet the requirements of the ISU 11607 Series of
hation of materials used to construct an SBS for the product, for example an injectig
container, should withstand the process parameters that are typical in moist heat-pro
5 resulting from the design of the product and the materials used should be défirted.

pr contained product non-permeable packaging (e.g. vials, ampoules, non-permeal
he material and design should permit heat transfer to the product-and, if a closure
hain secure and sealed. Non-permeable packaging should only.beyémployed if the
hsed and can create moist heat within the container. If flexibleiit'can be necessary t

b as a result of the pressure which can build up inside the ¢ontainer during processing

rotective packaging (see ISO 11607-1) should protect'the product during customars
d distribution. If protective packaging is exposed to the sterilization process it shoul
Fotect the product and should not be adversely affected by the sterilization process (e.g

[ization process should include the protectivé’packaging to ensure it does not adversel
ss of the sterilization process (e.g. impeding air removal and steam penetration, at]

standards.
n moulded
resses. Any

ble flexible
is fitted, it
product is
p employ a
distorting

y handling,
H retain its
cardboard

pe unsuitable). Similarly, if product is sterilized\in secondary packaging, then product @ised for PQ

y affect the
ainment of

process pafameters, the dryness of product after removal from the sterilizer).

A.7.3.4 I, at the end of a sterilization process, controlled conditions are required for the equilibhration of a
medical device and its SBS to atmospheric-conditions, the method by which this is to be achieved (e.g. in an
environmentally controlled chamberertroom) should be defined.

A.7.4 Product families

A.7.4.1 A medical device, that is to be sterilized can be characterized by its shape, mass, materials of
constructipn, moving parts and SBS. A contained product will be characterized by formulation, yolume and

viscosity. |

A74.2 A
on assignij

's containelycan be characterized by size, material and closure.

study should be carried out to assign a product to a product family. Annex G provide
igmedical devices to product families and Annex F describes how this study can be ca

s guidance
rried out.

A.7.5 Pre-treatments and preconditioning

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

A.8.1 General

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

A.8.2 Process

A.8.2.1 The process variables for moist heat sterilization are exposure for a specific time at a specified
temperature in the presence of moist heat sufficient to bring about microbial inactivation. See Clauses 5 and

6 for furthér information. The established process parameters should ensure that the conditions

of the pro
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sterilizatian. For example, by using the lower toleran@e limit for exposure stage or by using

allowable 1

uct achieve the required SAL without causing any part to exceed its design limit.

here are a number of time and temperature combinations which are 1'€gognise
authorities and pharmacopoeias as acceptable processing conditions. Some exampl
ns are listed in Table A.2. A sterilization process based on these recommendations W

in all parts

1 by some
es of these
rill provide

e safety margin in terms of delivered SAL. This is termed an overkill approach. In gther cases,

ion process is established and validated to predict achievement dgf-a SAL equal to or
alue. This includes, but is not limited to, achievement of the maximal SAL, generally s
bodies. A SAL has a quantitative value and mathematically, a SAL of 10-¢ takes a lesser
When all other factors influencing assurance of sterility areyequal, there is a greater a
sociated with a lesser SAL.

less than a
pecified by
value than
bsurance of

he sterilization process can be developed in the production sterilizer or in a research sterilizer.

plification the cycle parameters for the defin€d sterilization process should be s
rable but nevertheless delivering acceptable‘values for the process parameters fq

ecirculation rate for a water immersionprocess.

et at their
r effective
the lowest

A.8.2.4 A sterilization process should beestablished for each product family or load copfiguration

presented for sterilization. The sterilization_process can be:

a) identifiied from equipment that has:been validated and known to process product assigned tjo the same
produdt family;

b) developed by the user forthe/product family assigned to the product;

¢) specified in the medical-device instructions for use;

d) specified in the sterilizer's instructions for use.

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

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

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

A.8.3 Role of physical measurements in process definition

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

A.8.3.2 F
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A.8.4 Role of chemical indicators.in process definition

A8.41 A

or some medical devices the measurement of physical conditions (e.g. temperature)
 inside SBSs. For such medical devices the reproducible attainment of the‘defined

bnt of sterilization temperature. In the case of a saturated steam sterilization proces
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4, 1SO 11140<5'and ISO 11140-6.
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Fe-and presence of moisture. The instructions for use accompanying the chemical indic

indicators
D 11140-3,

s, or both,
f exposure,
htor should

nnnnn et ot oo racgulte g d o oy bl o+ Ao n

3153
TCT

ons (stated

be consult

A5t P2 NI T2Y D PEeN afioa o 19N 4 4d
U VVILIT 1L,5a1u CUITILCT tll CLALIVIT U LIIC TULOUItS dIiIfu tu voa 11)’ CIIdu LIIc L/Al.]\loulb CUIIU

values) that cause the chemical indicator to reach its endpoint (a satisfactory result) are appropriate for
the sterilization process which is to be monitored. Attainment of the chemical indicator's endpoint should
not be regarded as an indication of attainment of an acceptable SAL, but rather one of many factors which
should be taken into consideration when judging the acceptability of a sterilization process. Failure of a
chemical indicator to reach its endpoint should be regarded as evidence of a sterilization process failure and
be investigated. Guidance on the use of chemical indicators is found in ISO 15882.

A.8.5 Role of biological indicators in process definition

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

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

A.8.5.3 A sterilization process based on a defined microbiological challenge represented by biological
indicators is used during process development by the pharmaceutical industry, medical device industry and

in health care facilities. This method is known as the overkill approach (see B.4).

A.8.5.4 Asterilization process based on bioburden in its natural state or combined with thetise df biological
indicators [requires extensive microbiological studies (see Annex B) followed by frequent micrjobiological
screening ¢f product and the environment in order to control bioburden within defined limits. This method
is generally used in the pharmaceutical and medical device industries but rarely iin ‘health care facilities. It
is chosen if some attribute of the product or equipment has been demonstratéd, during product definition
to be sensitive to moist heat sterilization processing. In this case, a minimunrprocess is used td attain the
conditions|that will allow the product to be designated “sterile” without compromising product quality or
function (sgee Annex B).

A.8.5.5 If a product has been assigned to a product family for which a sterilization procesf has been
defined an{ this sterilization process is based on an established time/temperature relationship additional
microbiological assessment is generally unnecessary.

A.8.6 Role of reference devices or process challenge devices (PCDs) in process definition
A.8.6.1 [Jata generated from a PCD, and/or a reférence device designed to mimic specific attrihutes of the
product or|product family, can be used in the development of the process. For saturated steam sgerilization
processes, [factors that can require consideration are (see also Annex G):

a) materials of construction;

b) mass;

c) length|and diameter of hollow devices and tubing;

d) absorHency to moisture;

e) thermal conductivity;

f) specific heat €apacity;

g) safetymiargins associated with the challenge;

h) the means by which air dilution and steam penetration can be evaluated.

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

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

A.9.1 General

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

performan

ce during sterilization. Validation consists of several identified stages, 1Q, 0Q and PQ:

Conformity to the equipment, services and installation specifications is established during IQ.
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The at

A9.1.2 If
a specific v
can be con
It should b
SAL to prd
Validation
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fainment of the required SAL in and/or on product is established during PQ.
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ted validation plan should be prepared and agreed upon and approved by the respons

itrol procedures (see Clause 4). A new praduct family can require additional OQ on
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A.9.3.3 Whenever differences between measured temperatures are used to judge the results of a
sterilization process, the error in each measurement should be known at the temperature at which
comparison is to be made. For example, the differences in temperature between the centre of a standard
test pack (see Annex C) and the chamber reference point measured during the holding period of a saturated
steam sterilization process. Similarly, the temperatures measured at different locations within a contained
product load.

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

A.9.4 Installation qualification (IQ)

A.9.4.1 Installation qualification will be necessary whenever a new sterilizer is to be commissioned or
when an existing sterilizer is replaced or relocated. A new sterilizer should be provided and installed in
accordance with its drawings and specifications. An IQ plan, which can form part of a validation master

plan, should include procedures that will provide documented evidence that:

— the stdrilizer and documentation conform with the specification;

— the serjvices connected to the sterilizer conform with the specification;

— the operating cycles are functioning safely as intended;

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

— during maximum demand, the supply pressure for each service is between the minimum and maximum
pressures specified for the sterilizer.

A.9.4.2 The provision and function of safety systems as required:by IEC 61010-2-040 should be ¢stablished

after installation but can be carried out during works testing“if’deemed acceptable by the pur¢haser. The

method by|which fault recognition systems are tested shouldbe planned and documented. The p¢rformance

of faultrecpgnition systems fitted to the sterilizer should be verified to function as intended. The i;llstructions

for use or [accompanying documentation for the sterilizer should provide guidance for tests ajnd routine

monitoring
air detecto

Failures of]
should be
evaluation
potential €
well as sub

of each fault recognition system, for example, for a service fault or, if used, a method b
[r alarm can be created.

items critical to process performanée or safety including the operating equipment aj
detected by the monitoring system of the equipment (e.g. fault indication syste
system, air detector). A failure can require different types of indications dependir

sequent automated respojises of equipment or corrective actions by the operator.

y which an

hd services
m, process
g upon its

ffects and urgency, e.g. audible/visual alarms, warnings, error indications, messages, displays, as

A.9.5 Operational qualification (0Q)

A.9.5.1 An 0Q plan, which can form part of a validation master plan, should include procedurg¢s that will
provide documented.evidence that:

a) theingtalled:equipment operates within pre-determined limits;

b) the quality of each service conforms with its specification;

¢) the operating cycle is delivered as specified;

d) during an operating cycle there is no evidence of interference from, or to, other equipment;

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

f) when operated with specified, preferably standardised, tests loads (e.g. small and full load), the

temperature and pressure recorded and indicated throughout the sterilization cycle on instruments
fitted permanently to the sterilizer are within specified limits of the sterilization process;

NOTE
test.

The specified test load can comprise the chamber furniture which then becomes an empty chamber
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the working range of the sterilization cycle;

value specified by the medical device manufacturer(s).

A.9.5.2 Sterilizer performance tests

A9.5.21

If performance tests are recommended for the sterilizer, they should be done duri

there are no obvious leaks of steam, compressed air, water or effluent at any temperature or pressure

the maximum and minimum value for any process or cycle parameters do not exceed the permissible

ng 0Q and

conformity with defined acceptance criteria should be verified. If conformity to an equipment standard is
claimed, tests performed during OQ should conform with the tests specified by the equipment standard.
Additional tests can become applicable for verification of claims which are in addition to the requirements

of the eq
test proce
verificatio

A9.5.2.2
by demons

0Q.

A9.5.2.3

ures should consider these specific performances and modified procedures andtéeq
(see for example EN 13060).

If an existing sterilization process is to be used, its current performance stafus should
trating conformity with the results from previous performance tests carried out dui

Annex C identifies the tests that should be done during OQ for a‘sterilization process ¢

primarily based on measurement of physical parameters. Annex B identifies the tests that are us

during PQ
The tests d|
be used to

A9.53 A

A9.5.31

but can be done during 0Q for a sterilization process established by microbiological in
escribed in Annex B and Annex C are not mutually exclusive and some described in one
supplement the information provided by the methods described in the other.

dditional information and 0Q tests for saturated steam sterilization processes

A challenging loading configuration can.depend upon the element of the operating

tested. Thys, a single challenge device in an otherwise empty chamber can be the most challen
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ability. Therefore, tests on multiple loading configurations can be required. Commo
ting of a standard textile pack and a large load with a full chamber are used to establis
g conditions allowed. Annex'C provides more information.

Many of the tests des¢ribed in Annex C are based on thermometric measurement fi
ised test load and\cemparison with measurements taken at a chamber reference po
dentified in Ammex C an extended equilibration time can indicate the presence of res
test load at€he’commencement of the holding time. Increases in NCGs can decrease {
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A.9.5.3.3 The following tests are useful in establishing the operational performance of a saturated steam

sterilizatio

a)

n process.

Steam quality and air leakage into the chamber can affect the efficacy of the sterilization process

(see Clause 5 for more information). The quality of the steam and the chamber air leak rate should be
established on the installed sterilizer. Examples of methods for carrying out these determinations are
described in Annex C.

b)

If a steam penetration test is required (see Clause 6), conformity of the test procedures and acceptance

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

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

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

e) Ifthe lpvel of residual moisture within the product can affect its performance at the point,ofuse (e.g. by
facilitdting microbial recontamination), a load dryness test should be carried out.

A9.5.4 Additional information and OQ tests for contained product sterilizationprocesses

The following tests are useful in establishing the operational performance of a containgd product

sterilizatign process.

a) The hdating, exposure and cooling profiles should be checked in an empty chamber.

b) Cold spots and hot spots should be identified.

c¢) Conforimity with the requirements for process parametersisuch as pump pressure, circylation and
temperature should be verified.

A.9.6 Performance qualification (PQ)

A.9.6.1.1 A PQ plan, which can form part of a validation master plan, should be provided. Procedures should

be includef to provide documented evidence_that the sterilization process will sterilize the|product(s)

assigned tq

A9.6.1.2 7]
processing
product fa

the product family the sterilization process is designed to process.

is intended, a load configuiration and the least favourable combination of product
milies assigned to the sterilization process should be used. The SBS should be that

be used r(Lutinely. If preheatingyoef the sterilizer directly before use is recommended by th

manufactu

A9.6.1.3 P
penetratio
chamber. ]
chamber a
care facilit]

er this should be.stated and carried out before PQ is carried out.

erformance¢qualification will obtain, along with other factors, information abo
h into loads:~This will require the introduction of a number of temperature senso
he numbers of sensors required will depend upon a number of factors such as the
hd thesarea of application. Annex F provides guidance on the number of sensors used
iy application and Annex H on the number of sensors used in an industrial setting.

he load and load configuration should be as proposed for routine production. If repeated

s from the
which will
b sterilizer

it thermal
s into the
size of the
in a health

A9.6.2 Additional information and PQ tests for saturated steam sterilization processes

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

b) During 0Q a number of standardised test loads can be used to establish the efficiency of air removal

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

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

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

e) Heat measured
withinl a number of medical device packages or in a reference load. At least one temperatjure sensor
should be situated adjacent to the temperature sensors connected to the measurement)chajin used for
process control. If a sensor or indicator cannot be located at a position on a medigal.devic¢ known to
be difflicult to sterilize, the medical device can be substituted by a different typécof medicdl device or
PCD, provided that the challenge to the process from the alternative has been demonstrated fo be equal
to or greater than the medical device it is to represent. The sensors placed within the load should be
locatedl on or within those parts from which air is difficult to remove. Caution should be exerfised when
interpreting thermometric data from within hollow or porous medicahdevices capable of pntrapping
air. Temperature measurement alone cannot differentiate between hot air and saturated $team. The
preserice of moist heat can be judged from the exposure of chemicalindicators or biological ipndicators.

f)  Reprodlucibility within acceptable limits should be checked usirig a minimum of three replicdte cycles.
A9.6.3 Additional information and PQ tests for containéd product sterilization processes$
For contaifped product processes, the test load and its location in the chamber should be as prjoposed for
routine production. Heating, exposure and cooling profiles within the chamber should be checled at least
in positionls adjacent to the containers as identified in OQ to attain the shortest and longest exgosure. The
profiles shpuld then be checked within the reference product placed in these locations in a test load and
loading comfiguration according to the proposéd production load. Conformance with the critical parameters
identified In Clause 8 should be verified. If an existing sterilization process is to be used for either a new
product family or loading configuration, or both, the limits on exposure identified in Clause 7 should be
observed gdnd the attainment of microbiological effectiveness identified in Clause 8 should be |verified. If
process pafameters change duringsubsequent development, microbiological effectiveness and the limits on
exposure fpr the existing produet family(ies) should be verified.

A.9.7 Reyiew and approval of the validation

A9.71 [ata collected during validation should be reviewed and approved by a responsiple person

organizatipnally independent of those conducting the tests, those preparing the validation reporf and those

responsible for production.

A9.7.2 ata—which-eanbeinthe formeofa—validationrepertused-to—confirmthe sterthzation process

should include, where applicable:

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

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

¢) documentation to demonstrate conformance with the safety specifications;

d) the pressure vessel certificate(s);

e) reference to an equipment maintenance manual and a planned equipment maintenance schedule for the

sterilizer;
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the installation instructions;

the operating instructions;

ional procedures for all equipment maintenance, checks and tests;

details of any modification to the sterilizer, instrumentation or controls;
evidence of calibration of the test instrumentation;

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

documents suitable to support users’ obligations to demonstrate compliance with applicable regulations;

for co
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tained product and, ifappticable, packaged product {e.g- containerized product) fieat
5 for each type of load/product family;

rameters used to control the sterilization cycle and a copy of the specificationfor.the s
S

ntity of all personnel together with their professional qualifications (in terms of their c
he work) involved in validation.

sts of sterility and tests for sterility

ests of sterility and tests for sterility are tests used in this'document for the qualitativ
intitative determination of viable microorganisms. Either or both of these tests c4
cess development, validation and routine control.

o a sterilization process. They are a formalised test described in pharmacopoeias 4
defined number of product units from theprocessed load and testing for the presence g
Fion. Such tests have little statistical relévance and will only be capable of determining
1l contamination, indicative of a majdr process failure. Such tests should not be accep
h sterilization process is valid.

ests of sterility are an essential part of a means of determining absence or presence
on product, components.of product or in challenge devices to be used routinely. They

| using the approagh.discussed in B.2 and to establish the appropriateness of a micr

A.10Ro

A.10.1 Th
been deliv
and data o

ine monjitoring and control

purpose of routine monitoring and control is to ensure that the validated sterilizing {
red to the product each time that it is used. This is evidenced from the results of pe

enetration

terilization

ompetence

b detection
in be used

ests for sterility (often termed “sterility tests®) are carried out on product which has been

nd involve
fmicrobial
high levels
ted as sole

of residual
hre usually
processes
obiological

rocess has
Fiodic tests

routine monitoring and control measures described in Clause 10 and explained below.

tute for the

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

A.10.3 The consequences of a failure can depend on the current operation mode of the equipment.
Different levels for alarms and indications depending on the related criticality can be provided. Besides the
documentation of the physical parameters of the cycle, and biological or chemical indicators, if used, any
indication of a failure should be considered as well for evaluation of the cycle prior to product release for
further use.
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A.10.4 Persons responsible for sterilization should ensure that before the sterilizer is used for production,
they have evidence to show that:

a)
b)

scheduled equipment maintenance has been satisfactorily completed;

that can be sterilized;

9]
and Di

ck Test are satisfactory.

PQ and periodic re-qualification reports are up to date and include the types of load and product families

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

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

for steriliz

carried out.

A.10.6 Ar
during the
used for c
master prq
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data proce
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A.109 Th

htion and the engineering support functions which certify that equipment maintenang

ecording of both chamber temperature and chamber pressure is normally genérated aut

operating cycle. The recording, sometimes known as a batch process record (BPR) d
pbmparison with the profiles, often described as master temperature I/ pressure red
cess records (MPR), obtained during validation. These profiles can(also indicate the
Traditionally, this would have been carried out using an acetate 'everlay, however w
5sing software, such comparisons can be carried out electronically.

ng with the records of the physical parameters of the sterilization cycle and the biolog

in order to determine if the product can be released:

medical device is packaged, or if NCGs or residual air can be trapped within the g

lumen, tube or crevice), a daily steam penetration test is used to confirm the air re
btration performance of the operating cycle is performing effectively before the prod
ing loads. A comparison of the tempépbature measured at the reference measurej
mperature determined from the measured pressure using steam table values [see A}
.1)] can be used to demonstrate the-presence of superheated steam conditions within
pace during the sterilization proeess, but this approach cannot be used to demonstrat]
[, steam penetration and presence of moist heat on surfaces. If a medical device is wrap
trapped in a part, such as/alumen, tubing or crevice, F, calculated from temperature;
rence measurement point will not represent the lethality delivered to the medical
be used to judge the(results of a sterilization process for this type of medical device.
surement of procesS)parameters, air removal and steam penetration should be assur
'ycle using a PCDZExamples of how air removal can be assured for every cycle would
ir detector fitted to the sterilizer or use of a PCD that is not fitted to the sterilizer [
oaches canibe employed but need to be specified, established and validated. The mean
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cycles to represent the coolest and hottest parts of the load can be used to predict the highest and lowest
temperatures throughout a load of fluids. Temperature profiles generated for the chamber and the
circulating heat transfer fluid can sometimes be used to predict a reproducible temperature profile for the
coolest product. Whenever temperatures are to be measured in reference containers located in a production
load, wireless systems can be considered.

A.10.10

The requirements for the duration that records are kept can be specified in local policies and
procedures or in law.
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A.11Product release from sterilization

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

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

A.11.3 Product release can be based on the comparison of the temperature profile for the chamber with
the temperature profile measured in either a reference product(s) or in a reference location from which
the temperature profile within the product can be predicted which is based on the PQ study. Attainment of

the Specifi“‘ values for sterilization fnmpnrahn‘n’ p]afnnn pnrinr], and sterilization fnmpnrnfnr > band in a
location from which the holding time can be predicted can also be used for product release.

A.11.4 Foyf medical devices sterilized by saturated steam in gravity displacement or pulsed steam cycles
in small sfleam sterilizers, release based solely on sterilization temperature and holding time should be
restricted fo unwrapped medical devices of relatively low thermal mass and simple-design. Theselare typical
of sterilizefs used in a small health care facility, e.g. a dental surgery.

A.11.5 If gither chemical indicators or biological indicators, or both, are used routinely, they| should be
treated as part of the release criteria and should be additional to the measurement of process pafameters.
A.11.6 The integrity of SBSs and containers should be visually chécked after removal from th¢ sterilizer.
Damaged packaging and containers should be treated as non-conferming product.

A.11.7 Sinpilarly, a system should be in place to ensure wet packs are appropriately addressdd in order
to avoid recontaminated products entering the supply chain (see [47]). Drying should be carried out in an
environment in which particles and microbial contamitration are controlled.

A.11.8 The identification of non-processed aud processed loads can be achieved by one or all of the
following:

a) physicpl barriers;

b) doubld-ended pass through sterilizers;

c) use of type 1 process indieators on the SBS;

d) wvalidated track and trace systems.

A.12 Maintaining)process effectiveness

A.12.1 General

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

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

A.12.2 Demonstration of continued effectiveness

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

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

A.12.3 Dajily air removal and steam penetration test

A12.3.1 T
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to adjust tl
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e holding time of the test cycle in order to match the specified exposure time and t¢
h the instructions for use accompanying the challenge device (é.g.'some commerciallj
s specify a holding time of 3,5 min), or reduce the drying time ‘of the test cycle. Referg
D 11140-4 and ISO 11140-6 which describes the performan€e requirements for steam
5 used for carrying out a daily steam penetration test in‘@n empty chamber.

pcess challenge device (PCD) for monitoring.every process

s of a steam sterilization process depends on the combination of the sterilizer, prq
tern and SBS. If the sterilization process relies'on the removal of air from the chamber

er to establish the adequacy of air removal and steam penetration. The PCD should b
wn relationship to the load with regard to air removal and steam penetration. This r
hblished during process development where the sensitivity of the PCD towards procq
ficient to cause a process failtire. There are no international standards describing the
hts for PCDs employed to(establish adequacy of air removal and steam penetration in
oad is being processed.
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dations given'in the user instructions or the service manual. The intervals should be
scheduled.equipment maintenance or evidence of inaccuracy.
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design and
A sterilizer

htion for th€lirterval between recalibration of each measuring chain should consider the

reduced if

A.12.6.1 Periodically, the sterilizer should be examined to confirm that the installation is still in accordance
with the specification and that there is no evidence of malfunction. Checks and tests should also be carried
out to demonstrate that the equipment remains safe (see IEC 61010-2-040) and that the services are
satisfactory. It is essential to have an effective change control process which documents any changes made
to equipment or process and the requalification carried out to ensure process effectiveness.

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

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

A.12.7 Requalification

A.12.7.1 Requalification is performed to confirm that process changes have not compromised the
effectiveness of the sterilization process and that the data acquired during validation remains valid. To
guard against unreported changes, the extent of, and the interval between each part of requalification
should be determined from the type of sterilization process data obtained through periodic tests and from

data thatv
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he outcome of the review, including any need for requalificatieh, should be documented
inufacturers’ instructions. This can include an assessment of the need to reconfirm ag
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locumented.
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nt is changed, or the control system is:sthodified, it could only be necessary to show re
lified sterilization cycle. If, in the case-of a wrapped goods and porous load process, t
e aleak into the chamber, it might'only be necessary to repeat a leak test on the chamb
steam penetration test.

erformance requalification/might also need to be performed after a change of produ
ing pattern, or when the-data for the load are not within specified limits.

biological indicators are used during requalification, their performance should be|
ed during prévious validations. Use of biological indicators which have a significant
pbopulationof. D value can result in a challenge which is greater or less than that u
If a bi0Olegical indicator is used during requalification which has significantl
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tics, then this should be justified and documented. ISO 11138-3 identifies minimum requirements

anying the

ineicator will specify these values.

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

review.

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

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

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

c) new controller circuit or PLC;

d) adjustment of steam supply pressure;

e) new steam boiler/boiler maintenance;

f) new SBS supplier;

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

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

A12.79 S
changes to

an existing sterilizer which can affect the sterilization process effectiveness, e.g€han

seal, stean] supply modifications, vacuum pump replacement or refurbishment.

pme elements of 1Q can be necessary to be performed during requalification whej

there are
bing a door
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Annex B
(informative)

Establishment and evaluation of a sterilization process primarily

B.1 Gen

When the
three meth
biological i
B.4), does 1
a decision
in Figure H
(Boxes 2 a
key questi
bioburden/

based on microbiological inactivation

eral

product SAL of the moist heat sterilization process is based on microbial inactivatio
ods that can be used. The first two methods, bioburden-based (see B.2) and combined |
Indicator (see B.3), are based on a knowledge of the product bioburden and the third, o
lot take bioburden into consideration but is considered a conservative apprdach. Figurg
Free that can be used to assist in determining which method is appropriate: The quest
.1 direct the method selection to either a conservative process using reference micrd
hd 3) or methods that use product bioburden (Box 4). For these bioburden-related m
n in Box 5 determines if the combined bioburden/biological indicator method (Box 6}
based method (Box 7) would be most appropriate.

|
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h there are
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t B.1 shows
ions posed
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or a solely

selection of microbiological qualification method

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

process optimization desired or required?

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

knowledge of product bioburden

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

Yes

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

There can be acceptable microbiological approaches other than those described in this Annex (see Reference
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approache
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to 15 min (see References [59, 64]). After.€xposure the liquid product or extract of t
for surviving microorganisms, followed.by identification of any isolates. In general, 4
in be assumed for bioburden (see References [61, 62]), therefore the thermophilic micry
will confirm that the D value does not'exceed this value.

e generally characterized and identified to the genus or species level.

uation of natural productibioburden, it is important to consider the potential con
| steps of the manufacturing process, and to document this in a risk assessment. A
evaluation/consideration of water used in the manufacturing process. While mo

hisms (e.g. Geobatillus stearothermophilus), consideration of the makeup of final proq
nvironmentabisolates should be considered. If the product or eluant supports microl

a maximu

hold tinie~of both test samples and product prior to testing and or sterilization

established considéring other product requirements (e.g. endotoxin, pH, chemical makeup.).

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

obiological
S.

and [62].

d requires knowledge of the resistance and population )of the naturally occurring product

ntative of
sistance to
sing either
int used to
" to 100 °C
he product
D value of
oorganism

tribution/s
n example
st purified

ems do not contaid-the nutrients required for growth of thermophilic and or hyperthlermophilic

uct and or
ial growth
should be

minimized

b, lower or

higher than the standard 121,1 °C moist heat process) with low process F-values (110 °C). Where products
are degraded from longer periods of thermal stress, a process of High Temperature Short Time (HTST) using

near squar

e wave temperature conditions might be less detrimental.

B.2.2 Use of a bioburden-based method.

Use of a bioburden-based method for process definition requires that product bioburden levels are relatively
consistent over time. Implementation of an ongoing bioburden monitoring program is required to use this
method (see ISO 11737-1).

Product selected for studies on process definition should be representative of routine production.
Alternatively, isolates obtained from heat resistance screening of bioburden and or environmental isolates
can be cultivated and used to inoculate a defined population onto representative product samples.
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B.2.3 Procedure to establish the sterilization process

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

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

variation of these process stages should be defined and considered when establishing the exposure time.

B.2.3.3 F
most diffid
ISO 11737-

B.2.3.4 T
should be t
the propot
thermophi

B.2.3.5 B
no growth
reproducih

B.2.4 Fo

The conti
represent

The metho
bioburden
the defineq
prior to pr

B.3 Pro

pllowing exposure to the sterilizing agent, the product, selected from locations i
ult to achieve sterilizing conditions, should be subjected individually to tests,of st
D) and or enumeration.

he extent of thermal exposure, considering all stages of the process,“to the sterili
Ised to define the sterilization process along with either a knowledge.of the relationsh
tion of product exhibiting no growth in tests of sterility or the-reduction in the 1
ic microorganisms present (see ISO 11138-7).

ased on the known population and organisms present, tlie level of treatment identified
in representative or inoculated products samples isicarried out in triplicate to dg

ility.

low up

ed appropriateness of the sterilization process is confirmed at defined intervals usi
ive of routine production (see Clause 12).

H requires on-going monitoring of and control over the bioburden. It is common practice
tests on each lot and or batch pfresented for sterilization. Bioburden is a critical chara

bduct release.

knowle

e of bioburden on product items to be sterilized (combined bioburd

biologicdl indicatorrbased method)

B.3.1 Gepneral

Guidance gnd“discussion on this method can be found in ISO 11138-7 and in the literature, e.g.
[52],[59],[62}-and[63)].
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erility (see

ving agent,
p between
jumbers of
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bmonstrate
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to conduct
cteristic of

| process and bioburden testing is conducted to demonstrate bioburden is within deflined limits

ress definition based on inactivation of a reference microorganism and

en/

References

The use of a biological indicator that conforms with ISO 11138-3 (D;,; value of at least 1,5 min) can
reduce the amount of bioburden characterization that is needed (see Reference [59]). For example, it
might only be necessary to perform the thermophile screening procedure (see B.2.1) without further
characterization or identification of the isolates; or identification of the isolates can be performed to show
that the microorganisms are not more resistant to moist heat sterilization compared with selected biological
indicator based on the literature.

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

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

sterilizatio

B.3.2.1.2

n.

to be used
which will
Validation
greater ch:

B.3.2.1.3

locations (
or greater
cycle set p|

The hin]ngir‘n] indirnfnrcllprnc should he pnr‘kngnd in a manner that represents the
for routine moist heat sterilization processing. If the validation packaging difféxs
be used for routine sterilization, its relationship to the routine packaging shouldbe dc

packaging
from that
cumented.

packaging that differs from the routine sterilization packaging should represent an equivalent or

illenge when compared to routine sterilization packaging.

The packaged, biological indicators/PCDs should be placed into the 'most difficult-
f the load. The validation load should be configured in a mannef.to represent an
challenge than the routine sterilizer loading. Depending on the contents of the lo
pints, this can be a fully loaded chamber or another load configuration. If the placer

biological indicator/PCD is such that it differs from the most difficult-fg-sterilize locations with

its relation
represent g

B.3.2.2 H
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rom a knowledge of the resistance and population¢ef the naturally occurring product]
for information on thermophilic microorganism-screening) and the resistance of thg
nisms, the extent of treatment required to aghieve the specified requirements for ster
ned. The method requires on going periedic monitoring of and control over the biol

to-sterilize
equivalent
hd and the
nent of the
n the load,
and should

bioburden
b reference
lity should
urden; see

[SO 11737-1.

B.3.2.3 A
known res

a)

challenge to the sterilization precess comprising a known number of microorganisms with
stance to the sterilizing agent should be created by either:

b biological indicators within the product at position(s) or representative of positions where

ing conditions are mostdifficult to achieve; or

placing
sterili

inocul uct where

steriliz

b) hting the product“with reference microorganisms at position(s) within the prod

ing conditions dre most difficult to achieve.

NOTE1 Aninoculated product can be a biological indicator (see [SO 11138-1).

tance of the
pores on or

NOTE 2  Direct inocdlation with a spore suspension onto a product surface can result in variable resis
inoculated productbecause of surface phenomena, other environmental factors, and the occlusion of the §
in the prodyct: See References [50], [76] and ISO 11737-1 for additional information.

B.3.2.4 The challenge should be packaged the same as routinely produced product and should be included
within the load in the location where it is most difficult to achieve sterilizing conditions.

B.3.2.5 The load should be exposed to the sterilizing agent under conditions selected to deliver less
lethality than is delivered during routine sterilization, so that not all reference microorganisms will be
inactivated.

B.3.2.6 The level of treatment identified should be carried out in triplicate to demonstrate reproducibility.

B.3.2.7 The number of microorganisms surviving should either be determined by direct enumeration or
estimated by the most probable number technique (see ISO 11138-1).

© IS0 2024 - All rights reserved

62


https://standardsiso.com/api/?name=8a687bdb15c7440f53677c7fa79416c1

ISO 17665:2024(en)

B.3.2.8 The rate of inactivation of the reference microorganisms should be calculated.

B.3.3 Quantity of biological indicators

The minimum recommended number of biological indicators can be based on product load volume and is as

follows:

a) For product load volumes of up to 10 m3, use three biological indicators per m3 of product volume, with
a minimum of 5 Bls.

b) For product load volumes above 10 m3, use one additional biological indicator per additional m3 beyond

10 m3.

For some s
be documg

B.3.4 E

B.3.4.1
This examj]
WithaD,,

F valud

where
N, is
N s
Fvaluse
To determi
the log red
F valug
if solving fi
Lp=F
Fvalue =4

LR=4’

Example 1 — Direct enumeration

nted for the number of biological indicators used.

kamples

ple assumes a bioburden D, value of 0,5 min.
| value of 0,5 min, first calculate the F value required for the progess:

=0,5minx (log N, - log N)

the bioburden action level (100 Colony Forming Units, CFU);

the selected SAL for the product (in this case, 10°6).

= 0,5 min x (log 100 - log 10-%) = 4,0.min

ne the required log reduction forthe reference microorganism with a D;,; of 1,0 min
uction (Lg) for (log N,y - log )

b= 1,0 min x Ly

DI Ly

alue / 1,0 min

0 min

) min;/1,0 min = 4,0 logs

For this ex

teritizatiom processes, threabove Tecommendations might ot beappropriate-ATationale should

substitute

hmple, the reference microorganism population is 1,0 x 106 CFU (N,) and a holding tin

he of 5 min

gives the results shown in Table B.1.

Table B.1 — 5-min exposure example results

Biological indicator ID Count (CFU)
23
22
24
19

17

U W N -
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NOTE The numbers shown in Table B.1 are theoretical examples. The variability in real test data can be higher.

Using the highest result of 24 CFU, the Ly for the process can be determined.

Lr=1og N, -log N =log (1 x 10°) - log 24 = 6 - 1,4 = 4,6 logs

Since 4,6 logs is greater than the required 4,0 logs, the process demonstrates the product SAL will be
achieved as shown below. This study would be completed two more times to demonstrate reproducibility.

To determi

ne the SAL the following calculation can be performed:

SpL= 10[10g(N0) - LR]

where

D valu

B.3.4.2
This exam]
WithaD;,

F value

where
Ny is
N is

F valud

To determine the required logreduction for the biological indicator with a D;, of 2,0 min substit

reduction
F valug
if solving fi

LR:F

=100
=4,6 min /0,5 min =9,2
=10292) = 1072

Example 2 — Fraction negative

ple assumes a bioburden D, value of 0,8 min.
| value of 0,8 min, first calculate the F value requiredfor the process:

= 0,8 min x (log N, - log N)

the bioburden action level (5 000.CEW);
the defined SAL for the product.(in this case, 10-°).
= 0,8 min x (log 5 000 -10g10-6) = 7,8 min

L) for (log Ny =dog N):
p = 2,0 min XLy
rLp:

yalue / 2,0 min

. =Fvalue / Ly and Ly = F value/D value therefore for the above example:

F value = 7,8 min

Lr =78 min /2,0 min = 3,9 logs

ute the log

For this example, the biological indicator population is 6,2 x 105 CFU (N,) and a sterilization holding time of
10 min gives the results shown in Table B.2.
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Table B.2 — 10-min exposure example results

Growth
No
Yes
No
Yes
Yes
Yes

Biological indicator ID

| UT D | W[N |-

esult of 2 negatives out of the 6 tested, the Ly for the process can be determined:

t Ny - log (Ln r/n) =log (6,2 x 10°) - log (Ln 6/2) = 5,79 - 0,04 = 5,75 logs

the total number of biological indicator replicates, in this case, 6;

the number of replicates showing no growth, in this case we are agstuming 2.

To determine the SAL the following calculation can be performed.

Sa=1
where

D valu

Ny

Ly

SaL
B.3.5 Fo
The contin|

single qual

The metho
routine pr
characteriy

)[log(NO) - LR]

. =Fvalue /LR and LR = F value/D value therefore for the above example:
=5000
=11,5 min/0,8 min = 14,375

= 10(3,7-14,375) = 1(0-10,7

low up

ed appropriateness of the sterilization process is confirmed at defined intervals by 1
ification cycle-(see 12.4).

d requires/ongoing monitoring of and control over the bioburden using product repreg
ductien. It is common practice to conduct bioburden testing periodically. Bioburden
tic'of the defined process and bioburden testing is conducted to demonstrate bioburdg

defined linf

its

logs is greater than the required 3,9 logs the process demonstrates the product §
5 shown below. This study would be completed two more times to demonstrate reproducibility.

AL will be

'epeating a

entative of
s a critical
n is within

B.4 Conservative process definition based on inactivation of reference
microorganisms (overkill method)

B.4.1 General

B.4.1.1 This subclause describes the overkill method which is based on the inactivation of reference
microorganisms. The overkill approach is often selected for items that are heat-stable due to its simplicity,
robustness, and ease of validation relative to other approaches. It is also the typical method to sterilize re-
usable items. Qualifying a sterilization process for such products requires an approach different from that
often used for new and unused product, because the challenge to the sterilization process is difficult to
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define and pre-sterilization treatments (e.g. cleaning) can be difficult to validate and control. A sterilization
process in this situation is usually conservative and designed to deliver a treatment exceeding that required
to achieve the specified requirements for sterility.

When using the overkill approach, product bioburden monitoring is recommended. It should be noted
that health care facilities and industrial settings have different approaches to monitoring and controlling

bioburden.

B.4.1.2 One example of a microorganism that demonstrates resistance to moist heat and which is suitable
for use in this approach are spores of G. stearothermophilus. The microorganisms Bacillus coagulans,
Clostridium sporogenes, and Bacillus atrophaeus can be used as well if the resistance properties have been

demonstra

ted (see ISO 11138-3).

B.4.1.3 T
reduction
overkill ap

a)

b) achiev

achiev|

NOTE 1

population
during a st¢
No-logNg)).

]

NOTE2 1
was based d

spores in a nedical device plant operating under good manufactiiring practice (see References [59] and [6

B.4.14 B

biological indicator, an appropriate partial cycle Blmicrobiological challenge or an appropriate f]

microbiolo
more refle

Partia
using {
kill is

J— FB
*Al
Full cy

using
12 mir

pbtained it will result inah-Fgo; ogicar, 0f 6 min.

he overkill method is based on a cycle designed to provide greater than or equal
pf a microorganism population, on or in a product with an assumed D;,; value) of
proach requires:

bment of a maximal SAL of 10-6 after sterilization;
ement of an Fijo106icar, Of at least 12 min using an appropriate biological indicator.
'he Bl microbiological challenge is calculated as the product of the logarithm to the base ten

fmicroorganisms and the D value (= log Ny x D, value). Fgo1.0610a1 VAlue describes the achiey
rilization cycle based on the achieved inactivation of a biologicakifidicator (Fg;o.0cicaL = D121

[he rationale for using a D;,; of 1,0 min as a worst-casesassumption for naturally occurrin
n a review of experimental laboratory data and reasonable judgement for naturally occurring

y adjusting the population of the biologieal indicator in relation to the D;,; va

gical challenge can be obtained, as is outlined in the following examples with D, valy
ctive of actual resistances available from commercially sourced biological indicators:

cycle approach biological indicator: Assuming a biological indicator with a D;,4 value
 population of 1,0 x 10* CFY:then the BI microbiological challenge will be 6 min and

microbiological challenge =1,5 min x log;,(1,0 x 10* CFU) = 6 min
oLocicaL = 1,5.m1i0 x (log;((1,0 x10# CFU) - log;, (1,0 x 109 CFU*)) = 6 min
ssumes ones(1) survivor for purposes of the calculation

cle appreach biological indicator: Assuming a biological indicator with a D;,; value
i biolggical indicator population of 1,0 x 106 CFU then the BI microbiological challej

o a 12-log
| min. The

bf the initial
red lethality
value x (log

b bioburden
r mesophilic

B]).-

lue of the
ull cycle BI
es that are

of 1,5 min,
f complete

of 2,0 min,
hge will be

and if complete kill is obtained it will result in an Fg;g; ggicar, Of 12 min.

— BI
FB
*A

microbiological challenge = 2,0 min x log;,(1,0 x 10 CFU) = 12 min
oLocicaL = 2,0 min x (log;,(1,0 x 106 CFU) - log;, (1,0 x 100 CFU*)) = 12 min

ssumes one (1) survivor for purposes of the calculation

B.4.1.5 When the BI microbiological challenge is known, the user can compare the challenge presented
by biological indicators with varying populations and resistances. An example of this is shown below;
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each biological indicator outlined in the example has the same BI microbiological challenge and would be

appropriat

e for use with the partial cycle approach:

— Dbiological indicator 1:

— Population = 1,0 x 104 CFU

Dl
— BI

21 value = 1,5 min

microbiological challenge =1,5 min x log;(,(1,0 x 104) = 6 min

— biological indicator 2:

— Population = 1,0 x 105 CFU

D

1
BI

— biologi
Po

b1 value = 1,2 min
microbiological challenge = 1,2 min x log;,(1,0 x 10°) = 6 min
cal indicator 3:

pulation = 1,0 x 106 CFU

— Dyp, value = 1,0 min
— Bljmicrobiological challenge = 1,0 min x log;,(1,0 x 10°) = 6 min
Guidance gnd discussion on the overkill method are given in ISO.11138-7 and in literature, e.g. References
[52], [59] and [62].
B.4.2 Prpcedure
B.4.2.1 The location within the product at which sterility is considered the most difficult to ach]eve should

be determined. For the placement of biological indicators/PCDs, refer to B.3.2.1.1 through B.3.2.1

3.

B.4.2.2 Achallenge to the sterilization precess should be created by either:

a) placing biological indicators within the product at position(s) or representative of positions where
sterilizing conditions are considered the most difficult to achieve; or

b) inoculating the product with reference microorganisms at position(s) within the product where
sterilizing conditions arecensidered the most difficult to achieve.

NOTE1 Aninoculated prodtct can be considered a biological indicator (see ISO 11138-1).

NOTE 2  Direct inoculdtion with a spore suspension onto a product surface can result in variable resisftance of the

inoculated product bécause of surface phenomena, other environmental factors, and the occlusion of the §pores on or

in the prodyct. See,References [51], [76] and ISO 11737-1 for additional information.

B.4.2.3 Theehallenseshewldbepackaged-thesameasreutinelrpreducedproductandineluded within the

load in the location where it is most difficult to achieve sterilizing conditions.

B.4.3 Quantity of biological indicators

B.4.3.1 For the number of biological indicators to be used refer to B.3.3.

B.4.3.2 For validation of items intended to be processed in health care facilities, biological indicator
numbers of 5 to 12 biological indicators per load are often appropriate. biological indicator placement
should account for all potential challenge areas in the product regardless of biological indicator number
recommendations provided in B.3.3. For multi-device trays and complete device sets, biological indicator
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numbers exceeding the recommended biological indicator numbers can be necessary to provide adequate
microbiological challenge to the process.

B.4.4 Partial cycle approach

B.4.4.1 General

The load should be exposed to the sterilizing agent under conditions designed to deliver a reduced level of
treatment compared with the routine sterilization process. This can be half the holding time or any fraction
of the holding time that will allow calculation of the log reduction of the process. There are two approaches:

a) Half-cycle approach: Performed using a biological indicator with a BI microbiological challenge greater

than 0 nqna] to 6. min rncn]i—ing M-Ne-SUrvIivaors.

b) Cycle ¢alculation approach: The routine holding time delivers minimally a calculated|1] spore log
reduction (SLR) to a microorganism with a D;,; value of 1,0 min using a biological”indjicator that
conforms with ISO 11138-3.

NOTE1  The calculated SLR is based on a D;,; value of 1 min not the minimum of 1,5 min specified in |SO 11138-3
for a moist lpeat biological indicator.

NOTE 2 It is recognized that the validation and monitoring of some sterilizatien processes can uge biological
indicators that do not meet the minimum population and/or resistance criteria specified in ISO 11138. These biological
indicators afre acceptable provided that:

— all othgr requirements of ISO 11138 (including the method of test for\population and resistance) are rhet;
— the product information includes a clear statement of the population and resistance;

— the product label carries a clear warning that the population‘ahd/or resistance (as appropriate) is belgw the value
specifi¢d in the relevant part of ISO 11138.

B.4.4.2 Half-cycle approach

If the inactjivation of the biological indicator is¢onfirmed, the exposure time can be defined congervatively
as twice thie exposure time in the half cycle:

B.4.4.3 (Qycle calculation approach

The exposfire time for the sterilization process is established by extrapolation to a predicted probability
of survival of 106 or less. When using this calculation, consider the number and resistapce of the
microorganisms on the biological indicator.

B.4.4.4 Partial cycle.approach qualification testing

B.4.4.4.1 |The sterilizer should be programmed to reflect a processing time that conforms with [B.4.4.1.

B.4.4.4.2 Uyuu \,uxuylctiuu of-the \.,luahﬁ\,atiuu \,_y\,}c, the biulusi\,a} indieatot a/pCD) wilberemoved from
the load and the biological indicators from the inoculated products or from the PCDs will be tested for
inactivation of the indicator organism.

B.4.4.4.3 As indicated in B.4.4.1 a), a successful qualification cycle should demonstrate that a 12 SLR or
greater for a biological indicator with a D;,; of 1,0 min will be achieved in the routine holding time, which is
verified by inactivation of a sufficient number of biological indicators.

B.4.4.4.4 The qualification cycles should be carried out in triplicate to demonstrate reproducibility.
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B.4.5 Examples partial cycle approach

B.4.5.1 E

xample 3 — Half-cycle approach

This example assumes a routine production cycle with an exposure time of 40 min at a minimum of 121 °C.
Then a biological indicator conforming with B.4.4.1 a) that can be inactivated by 20 min at 121 °C would be

chosen.

For this example, the following biological indicator is chosen:

D51 =1,6 minand N, =1,2 x 106

To check if the biological indicator can demonstrate the Fgig;0cicar, the Bl microbiological challenge is

calculated
BI mic
The biolog

All the bio
that the fy
microorga

For the fu
extrapolat
Then the K

SLR of 19,4

It can also

SAL, full

For this fol
the value 6
than 106 m

B.4.5.2 E

This examj
a biologica

For this ex

@s rollows:
robiological challenge = D;,; x log Ny = 1,6 x log (1,2 x 106) = 9,7 min
cal indicator in this example can demonstrate an Fgg; ogicar, = 6 min in the half cycle.

ogical indicators are inactivated by the reduced cycle and when done. in triplicate i
1l cycle of 40 min has a SAL of 10-¢ or less and that a log reduction of greater tha
hism with a D;,; value of 1 min is achieved by the full cycle.

| cycle, the log reduction of microorganisms with a D;,; valué of 1 min can be ca
on from the half cycle. The half cycle has proven an Fgjo; et greater than or equal
sioLocicar, Of the full cycle is at least twice that of the hdlf €ycle, i.e. 19,4 min which e

be concluded that the SAL of the full cycle is 10-13.4%0r less. It is calculated as follows:
= 10(6-SLR) = 10(6-194) = 10-134

cycle

'mula SLR is understood as the log reduction of a microorganism with a D;,; value of
comes from the understanding, that the:starting population of the product bioburden
icroorganisms with a D;, value of :min.

xample 4 — Cycle calculation approach

ble assumes a routine production cycle with an exposure time of 15 min at minimum 1
indicator conforming with B.4.4.1 b) is used.

hmple, the following-biological indicator is chosen:

Di1=18

in and N, =4,3/x 106

A holding fime of 7{min is used. The number of biological indicators with growth are 4, 3, and 5
of the qualjification-runs; a total of 10 per run is tested. To determine the minimum log reductio

with the

stgrowth (5 positives) is used.

L is proven

n 12 for a

culated by
to 9,7 min.
Huates to a

1 min and
s not more

1 °C. Then

from each
h, the cycle

i 1 Al o 41 £-11 . . Al
To calculatethe TOg TCUUTTIOIT tITE TOTTOWTIITZ TS USTU:

Log reduction = log N, - log (In (Number Tested/Number Sterile)) = log (1,3 x 106) - log (In (10/5)) = 6,11 -

(-0,16) = 6,

27

Then, the log reduction of the full cycle can be calculated as this:

Ly, fun cycle = (Partial Cycle Log Reduction x Full holding time)/Partial Cycle Time = (6,27 x 15)/ 7 = 13,4

Thus, the 15-min holding time for the full cycle is acceptable, i.e. log reduction is greater than 12. It can also
be concluded that the SAL of the full cycle is 1074 or less based on the following calculation:

SAL, full

cycle = 10(6-SLR) = 10(6-13,4) = 10-74
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For this and the above equation, SLR is to be understood as the log reduction of a microorganism with a D5,
value of 1 min and the value 6 comes from the understanding, that the starting population of the product
bioburden is not more than 10® microorganisms with a D;,; value of 1 min.

B.4.6 Full cycle approach

B.4.6.1 The load should be exposed to the sterilizing agent under conditions designed to deliver a level of
treatment that will inactivate a biological indicator which conforms with ISO 11138-3 and which provides a
Bl microbiological challenge of at least 12 min.

B.4.6.2 For the full cycle approach, a biological indicator that conforms with ISO 11138-3 and has at leasta
microbiological challenge of 12 min should be used. Table B.3 documents the minimum population required
based on the D,,, value.

Table|B.3 — Minimum population (N,) and Bl microbiological challenge based on-D,,,|value

D454 value (min) Minimum population to dempnstrate al}\@\o
FgioLocicaL 2 12 min
(spores/biological indicator)
1,5 1,0 x 108
1,6 3,2 x 107
1,7 1,1 x 107
1,8 4,6 x 10%
1,9 2,1x10°
2,0 140, 106
2,1 5,2 x 105
2,2 2,8 x 105
2,3 1,6 x 10°
2,4 1,0 x 10°

When a biglogical indicator with a D;,, valu€ ¢f 2,4 min and the minimum population of 1,0 x10> is completely
killed afterf the full cycle, a 12,0 SLR results when related to a D;,; value of 1.

The effective/actual SLR with the aboye-mentioned cycle and biological indicators is: SLR = 5,0 x|2,4 = 12,0.

This resultjs in a SAL based on a D121 value of 1 as shown below and this is equivalent to specified SAL of
10-6:

SAL, full cycle = 10(6-SLR) = 19(6-12,0) = 10-6

B.4.6.3 Variations\in the delivered lethality can occur within the chamber. Similarly, variatiops occur in
the characteristies of the biological indicator. These variations can result in a positive biologicdl indicator
and therefpre should be considered in the determination of the full cycle. If F, is to be used as part of the
criteria forlpraduct release jts relationship to the Fo, . value should he established

1 1
DIUVLUUIUAL

EXAMPLE This relationship can be established in process definition or during PQ. There are several ways
this relationship can be established; this is one example that assumes biological indicators with the following
characteristics:

— Bl population (N,) = 1,0 x 106 CFU/BI
— BI Dy, Value = 2,0 min
— Bl z-value=10°C

— Bl microbiological challenge = D, x log;((N,) = 2,0 min x log;((1,0 x 106) = 12 min
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A cycle is planned to demonstrate complete biological indicator inactivation using the ending population
from the Kkill time description outlined in ISO 11138-1:2017, E.3.5 (i.e. N = 1,0 x 10-4 CFU). To determine the
FrioLocical for exposure, the following formula is used:

Fgiorocical = D121 value x (logyg Ny - log, o Ng)
Fgiorocicar = 2,0 min x [6 - (-4)]
FgioLocicar = 2,0 min x 10

FgioLocicar = 20 min

Performing a cycle with a 20-min exposure should have no surviving biological indicators. When performing

this testin

. the z value of the biological indicators needs to be considered when the relations

hip to F is

established
value of 10

See also IS

B.4.6.4 T
exposure {
treatment
confirm th

B.4.6.5 F

B.4.6.5.1
indicator i
B.3.2.1.3.

B.4.6.5.2
and tempe

B.4.6.5.3
the load an

B.4.6.5.4
challenge f

B.4.6.5.5
delivered H

B.4.7 EX;

This exam

| (refer to ISO 11138-7:2019, 7.2.4). F, values assume a reference temperature of 121,1
°C.

D 11138-7 and Reference [61] for more information.

he load should be exposed to the sterilizing agent for the target For the selecte
ime to confirm that there are no survivors. If the results of the testiestablish that

°Candaz

full cycle

this level of

is acceptable, then two further repeats should be done to demonstrate reproducib;Eity and to

e defined treatment to be delivered by the sterilization process,
ull cycle approach qualification testing

A BI microbiological challenge should be selected-that conforms with B.4.6.2. A
an appropriate Bl microbiological challenge and should be placed as defined in B.3.2.]

The sterilizer should be programmed to-expose the load to the target F;, value or sel
rature combination.

biological
.1 through

ected time

Upon completion of the qualification cycle, the biological indicators/PCDs will be renmjoved from

d tested for inactivation of the‘indicator organism.

A successful qualificationcycle will demonstrate complete inactivation of the micr
rom all biological indicators/PCDs placed into the qualification load.

obiological

Complete Bl mictobiological challenge inactivation from three separate, consecutive qualification
cycles should be obtaineéd\to demonstrate reproducibility and to confirm the defined moist heat

y the routine sterilization process.

hmple 6 — Full cycle approach

treatment

121 °C. A

le“assumes a routine production cycle with a holding time of 30 min at minimumn

biological indicator conforming with B.4.6.2 that can be inactivated by 30 min at 121 °C can be chosen.

For this example, the following biological indicator is chosen:

Diy1 =2,1minand N, = 3,0 x 106

To check if the biological indicator can demonstrate the Fg;g;0cicar, the Bl microbiological challenge is

calculated

as follows:

BI microbiological challenge = D;,; x log N, = 2,1 x log (3,0 x 10¢) = 13,6 min

The biological indicator can demonstrate an Fg;o;ocican = 12 min.
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All the biological indicators are inactivated by the full cycle and when done in triplicate it is proven that the
full cycle of 30 min has a maximal SAL of 10-¢ and that a minimum 12-log reduction of a microorganism with
a Dy, value of 1 min is achieved with the full cycle.

The actual minimum log reduction of a microorganism with a D;,; value of 1 min that is shown by the full
cycle is the same as the Fg; ocicaLs i-€- 13,6 logs.

The SAL for the full cycle can be calculated as for the partial cycle:

SAL, full cycle = 10(6-SLR) = 10(6-13,6) = 1(0-7.6

B.4.8 Follow-up

yrepeating a
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Annex C
(informative)

Establishment and evaluation of a sterilization process primarily

C.1 Gen

based on the measurement of physical parameters

eral

C.1.1 Est
will normd
identify wl
been attaif

The perfor
relate to a
requireme
sterilizers
temperatu

The freque
small steri
differenceq
implicatioy
1Q, 0Q and
data for su

EN 285 a
specificati
processes.

NOTE |
appropriate

C.1.2 Foi
acceptance
on the surf
air and N(
procedure
then be us
device(s).
medical de

[izers in Table C.2. The requirements stated in equipment standards can differ due t

ablishment of a sterilization process primarily based on the measurement of physical
lly be from data generated from a series of performance tests. Each test should-be ¢
nether one or more of the performance requirements specified for the sterilization g
led.

mance requirements, tests and acceptance criteria outlined in this annex are ex3

hts of EN 285 are used (see also Clause 9). Similar tests and perforimance requirement
are given in EN 13060. The requirements for the differences between measured and
e from pressure is discussed in Annex E.

ncy of tests for a large steam sterilizer conforming to.EN 285 is identified in Table

and results of risk evaluations between largeCand small steam sterilizers, as V
s for their use. Test scenarios should be adaptéd-to corresponding load configuratio
PQ are limited by the specification of a corresponding type test, since type tests provid
bsequent testing.

nd EN 13060 are European documents intended for sterilizer manufacturers
ns, test methods, materials and. other pertinent information for saturated steam s
Sterilizers conforming to these standards can be used in industrial or health care appl

SO 192531 is under preparatieniand is intended to apply to contained aqueous fluid sterilizers
standard tests for such sterilizers.

sterilizers not conferming to EN 285 or EN 13060, it might not be possible to att
criteria given inthis annex but attention should be paid to ensuring the attainment of
aces which require sterilization which can be impeded by, for example, the quantities
Gs in the chamber during the sterilization cycle. For such sterilizers, documented
b can includé tests and procedures from both this Annex and Annex B. The data from tH
bd to verify the efficiency of the proposed sterilization process for treating the defin
hiscapproach can also be appropriate for demonstrating conformity with the requi
vice legislation (if required).

-

arameters
esigned to
rocess has

mples and

sterilizer conforming to EN 285 and apply when test equipment-and procedures meeting the

s for small
calculated

C.1 and for
b technical
vell as the
hs. Tests of
e reference

for design
ferilization
ications.

and contain

ain all the
moist heat
of residual
validation
e tests can
d medical
ements of

C.1.3 When selecting a test instrument for validation studies and routine testing, attention should be paid
to the number and type of signal inputs required. Both temperature and pressure will need to be recorded.
Other input signals can also be needed. For example, the small load test (see C.4) requires at least seven
temperature signal inputs and one pressure signal input. Typically, thermocouple or platinum resistance
temperature sensors can be used and a pressure sensor giving an electrical voltage or current signal.

1) Under preparation. Stage at time of publication: [SO/AWI 19253.
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C.2 Hollow load test

C.2.1 Thisisatest for establishing the capability of the sterilization process to remove air and effect steam
penetration into a PCD containing a lumen. The challenge device is not meant to represent any particular
medical device but will present a challenge to air removal and steam penetration analogous to medical
devices having lumens. The test is based on a hollow load test piece described in ISO 11140-6. This test
complements the tests in which the standard test pack is specified (see C.3). It should be noted that medical
devices containing narrow channels can require a higher level of air removal leading to improved steam
penetration performance than that required in order to fulfil the hollow load test.

C.2.2 The result of the hollow load test is judged from exposure to a chemical indicator inserted into the

test piece.

C.3 Star

C.3.1 Th
detector te
standard t
C.3.3,C.3.6

)dard test pack

e standard test pack is used for the small load test, the full load test, the,Bowie and D
sts, load dryness tests for textiles and can be used with other materials'‘to form a fu

and C.3.7 are met.

C.3.2 Th
and having
should be

(185 +5) g

C.3.3 Th

conditioning agent during laundering. The sheets should be dried and then allowed to equilil

environme

NOTE )i
contribute

C.3.4 Aff
Figure C.1.

C.3.5 Th
by hand.
25 mm in
parallelepi
should be 4

C.3.6 Th

b standard test pack should be composed of plain cotton sheets, each bleached to a
an approximate size of 900 mm x 1 200 mm. The numbei of threads per centimetre i

(30 + 6) and the number of threads per centimetre in the weft (27 + 5). The weight
m?2 and the edges, other than selvages, should be hemmed.

e sheets should be washed when new or sqiled and should not be subjected to

nt of between 20 °C to 30 °C and 40 % RH.t0-60 % RH.

abric conditioning agents can affect the characteristics of the fabric and can contain volati
0 the NCGs in the sterilizer.

er equilibration the sheets should be folded to approximately 220 mm x 300 mm as ill

e sheets should be_stacked to a height of approximately 250 mm after moderate cq
'he pack should.then be wrapped in a similar fabric and secured with tape not
width. For sterilizers unable to accommodate more than one sterilization module (q
ped of dimensions 300 mm height, 600 mm length and 300 mm width) the height g
pproximately 150 mm.

e total’'weight of the standard test pack should be 7,0 kg + 0,14 kg (approximately 30 {

ck test, air
| load. The

bst pack is a reusable item that can be used for testing a number of(times if the requirements in

rood white
n the warp
should be

any fabric
brate in an

es that will

ustrated in

mpression
exceeding
ectangular
f the stack

heets) and

for the sm4

1Epack 4,0 kg + 0,16 kg (approximately 17 sheets).

After use, the sheets will become compressed. When the weight of sheets used to form a stack 250 mm high
exceeds 7,14 kg, the sheets should be discarded. Similarly, for the smaller pack, when the weight of the sheets
used to form a stack 150 mm high exceeds 4,16 kg the sheets should also be discarded.

C.3.7 Immediately before use, the temperature and humidity at the centre of the test pack should be
between 20 °C and 30 °C and 40 % RH to 60 % RH. After use the pack should be removed from the sterilizer
and aired in a similar environment.

C.3.8 Test packs comprising different materials and of different sizes and weights can be used provided
equivalence with the requirements for the test in which the standard test pack is used is demonstrated (see
[SO 11140-4).
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Dimensions in millimetres

=900

=900

~600

=1 200

|
I
~450
N
|
T
=l
x450

2450

~600 =300 =300

Key
1 layer[unfolded

2 layers folded once

4 layers folded twice

8 layers folded thrice

16 layelrs folded-four times

o o o o

Figure C.1 — Folding each sheet

C.4 Thermometric tests

C.4.1 Small load thermometric test

C.4.1.1 This is a test for steam penetration into a standard test pack (see C.3). This test pack is used to
identify a level of air removal or reduction in the level of NCGs in the steam within the chamber sufficient
to qualify the sterilization process for a wide range of cannula, metal and textile products. For this test a
number of temperature sensors (typically 5 sensors) are located at different levels within the standard test
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pack around the vertical axis. EN 285:2015+A1:2021, Figure 6 provides an illustration of the temperature
sensor locations.

C.4.1.2 Acceptance criteria for the test are as follows.

defined by the sterilization temperature and an upper limit of +3 °C.

ers.

All measurements should fall within the sterilization temperature band which should have a lower limit

The equilibration time should not exceed 15 s for chambers up to 800 I usable space and 30 s for larger

During the plateau period the temperature measured above the test pack should not exceed the

temperature measured at the reference measurement point of the chamber by more than 5 °C for the

a)
b)
chamb
)
first 6
d) Throu
chamb
steriliz
e) Throu
the st
calculd
f) Throu
steriliz
tempe
of both
g) The hg
NOTE 9
C4.2 Fu
C4.2.1.1 T

s and 2 °C for the remaining period.

bhout the holding time the temperature measured at the reference measurement p
er, and any temperature measured at the same instant within the test pack shotild be
ation temperature band and not differ from each other by more than 2 °C[sée 6.3 a)].

bhout the holding time the temperature measured at the reference. measuremer
rilizer should be not more than 2 °C higher than the respective, satiirated steam tg
ted from the chamber pressure (maximum allowed level of superheating, see Annex E

bhout the holding time the temperature measured at the reference measurement p
er should be approximately the same as and have a known correlation to, the satur

rature calculated from the measured chamber pressure allowing for the measurement]
the temperature and pressure measurements (see Annex E).

lding time should be not less than that specified-for’the sterilization stage of the cycle,

ee Table A.2 for examples.

|1 load thermometric test

his is a test for steam penetration;into the maximum size of load intended to be proce

sterilizer and complements the small load test. The textile test pack is located in the centre of a

textiles. TH
sterilizer 4
penetratio

C4.2.1.2 T
sheets are
form a stad

C4.2.1.3 A
identified

e test load is designed to represent the maximum mass of textiles which can be procg
nd is used to demonstrate that, at the levels at which cycle parameters are set, rapi
h of steam into the centre’of a load occurs and the sterilizing condition is achieved.

he full load of textiles comprises folded sheets and a standard test pack as described
dried and conditioned as described in C.3.3, and then folded and laid one on top of t
k with a mas§of (7,5 + 0,6) kg.

standard test pack as described in C.3 is located within the chamber in a position
indnoted in the instructions for use. In the absence of this information the test pach

located wi

oint of the
within the

it point of
mperature

).

oint of the
hted steam
tolerances

ssed in the
full load of
ssed in the
1 and even

in C.3. The
he other to

previously
( should be

[hin' the usable space and where possible approximately 100 mm above the geometr

c centre of

the base of the chamber. The remainder of the usable space is then loaded with stacks of sheets as described
in C.4.2.1.2 each with the layers of fabric in baskets dimensionally similar to one sterilization module or
loosely wrapped in a textile sheet.

The mass of fabric in the test load should be equivalent to (7,5 * 0,6) kg per sterilization module.

C.4.2.1.4 The standard test pack is equipped with thermometric monitoring sensors as described in C.4.1.1
and then an operating cycle is carried out and temperature and pressure data monitored and recorded.

C.4.2.2 Acceptance criteria for the full load test are the same as for the small load test, except that the
temperature measurement above the test pack is omitted.
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C.5 Bowie and Dick test

C.5.1 This test is a steam penetration test, similar to the small load test and intended for daily use. This
test is also used to identify a level of air removal or reduction in the level of NCGs in the steam within the
chamber sufficient to qualify the sterilization process for a wide range of cannula, metal and textile products.
A chemical indicator meeting the requirements of ISO 11140-3 is placed in the centre of a standard test pack
and a pass is identified from a uniform colour change to the indicator.

NOTE For the original work on which the Bowie and Dick test is based, see Reference [44].

C.5.2 The standard test pack described in C.3 offers a challenge to the sterilization process nominally
the same as the challenge from the textile test pack described by Bowie.[#4] Indicators conforming with

[SO 11140
penetratio

NOTE ]
the rate of
inaccurate
residual air
changeina

influence o%

C.6 Air

The perfor
Air leakagg
the chamb
at a define

C.7 Air

C.71 Th
cause a fail

C.7.2 Th
air causes
pack (used
point of th
C.3).

C.7.3 In
be based g
process is

4 can be used as an alternative to the standard test pack for conducting the bowie and
h test.

'he rate of steam admission to the chamber during pressurisation to the sterilization 'stage
the measured thermometric values or the visible change taking place in the chetnical indic
ressurisation is slow then any residual air pocket can be heated close to steam/témperature 1

present can be sufficiently heated and humidified during a slow rate of préssurisation to all
chemical indicator placed within the test pack.

eakage flow rate test

mance specification identified in C.2, C.4 and C.5 are based on achieving a low level of 1
p into the chamber will affect this level. In steam stérilizers (see EN 285, EN 13060) Ig
er should not cause the pressure to rise by more than 0,13 kPa/min (1,3 mB/min) wher
I chamber pressure.

letector tests (if fitted), small load, full load and function

bse tests are used to set the air detector to register a fault whenever residual air is s
ure of the small load test (see C.4.1) and the full load test (see C.4.2).

a difference of more than 2 °C between the lowest temperature measured in the std
in the tests given in.C.4.1 and C.4.2) and the temperature measured at the reference mq
e chamber. For a,chamber too small to accommodate this test pack, a smaller version i

certain applications and settings (e.g. industrial settings) the performance of the air d
n the defined process parameters and the product or product family(ies) that the s
lesigned to process.

ick steam

ran have an
tor. Thus, if
bading to an

etermination of temperature difference between the drain and the centre of'the test pack. Similarly, any

ow a visible

esidual air.
akage into
measured

ufficient to

e air detector should registera fault when, at the commencement of the equilibration time, residual

ndard test
asurement
s used (see

btector can
rerilization

C.8 Load dryness — Small and full load with textiles, full load with metal

These tests are used to verify that the design of the operating cycle, selection of the process parameters and
the moisture contained in the steam are such that the level of moisture remaining in the load at the end of a
sterilization process has not increased by more than 1 % for textiles and 0,2 % for metal. See EN 285 for the
test method.
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C.9 Dynamic pressure test

This test is used to verify that the maximum rate of pressure change in the chamber will not cause damage
to packaging. The average pressure change for any 3 s interval during the sterilization process should not
exceed 1 000 kPa/min (10 bar/min).

C.10 Steam quality tests

C.10.1 Non-condensable gas in the steam affects air dilution in the chamber. Water in the steam affects
residual moisture in the load. Superheated steam can prevent or delay the formation of moist heat on the
surfaces which need to be sterilized. Wide variations in delivery pressure to the sterilizer is indicative of

inadequate
presence o
substanceq

C.10.2 W}
supplied tdg

a)
b)
9
d)

a mini

contan

NOTE
phosph
additio

steam r‘apar‘ify and this can affectthe Ua]ir‘]ify of thermometricmeasurements for as

f saturated steam (see C.4 but also Annex E). Contaminants can cause corrosion and g
on the product.

en tested by the methods given in EN 285 the following should apply to\the qualif]
the sterilizer:

a maximum of 3,5 ml of gas collected from 100 ml of condensed steam;

mum dryness value of 0,95 (5 % moisture);

a maximum of 25 °C of superheat when expanded to atmospheriepressure;

hinants (see ISO/TS 5111 and also EN 285 and EN 13060).

Contaminants which can be considered include but,are not limited to iron, cadmium, le
ate, ammonium, calcium, magnesium, nitrate sulphate and silicate ions and bacterial en
h, other physicochemical properties can also be\ considered including pH, conductivity,

oxidisapble substances, the residue on evaporation of a.défined volume of condensate.

fluctud
inlet tq

C.11 Auty

The autom
by visual

the final pressure reduction valve.

bmatic control test

bbservation. The useryactivates an operating cycle and then observes each stage,

pressure and temperatures dattained at each of the cycle switching points. The observed valug

compared
sterilizers

vith the specifiedvalues to ensure they remain within the defined tolerances for the cy
carry out this,test automatically using a control and monitoring system (see ISO/ TS 2

sessing the
Pposit toxic

y of steam

hd, chloride,
lotoxins. In
hppearance,

itions in steam pressure not exceeding.210 % of the nominal gauge pressure meastiired at the

atic control test compares-the performance of an operating cycle with its specificatiof, normally

noting the
s are then
le. Modern
2421:2021,

Annex B)

C.12 Water

The water 'sttpply-shoutdbe-of hardness

value of water, Z (ions of alkaline earth), should be between 0,7 mmol/l and 2,0 mmol/l. Hardness values
outside these limits can cause scaling and corrosion problems. The maximum temperature of water used
with a vacuum pump and for cooling is specified in standards (e.g. see EN 285 and EN 13060). However,
in some circumstances higher feed water temperatures can be used provided the effect on vacuum level
attainmentand pump efficiency and cooling is known and controlled and is part of the sterilizer specification.
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Bnatabla o311 o
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C.13 Compressed air

The compressed air supply should be at a pressure of 600 kPa to 800 kPa (5 to 7 bar), free of liquid water,
filtered to 25 pum and free from oil droplets greater than 2 pm.
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C.14 Test programmes

The example shown in Table C.1 and Table C.2 includes the tests needed to verify the attainment of defined
process parameters for large and small steam sterilizers respectively and also to judge from the data
whether NCG present in the chamber during the plateau period is sufficient to prevent steam penetration
into medical devices used in health care.

Table C.1 — Example of a schedule of tests for validation and periodic testing for a large steam
sterilizer conforming to EN 285

Test Installation Operational Performance Periodic
qualification qualification qualification testing

Safpty-tests-and-cheeks b b

Stepm quality (C.10)

— Non-condensable x — xd

gades [C.10 a)]

— Dryness value x — xd

[C.10 b)]

— Superheat [C.10 ¢)] x — xd

— Contaminants?2 x — xd

[C.10 d)]

The¢rmometric tests (C.4)

— | Small load (C.4.1) — XX — xC
P XX —_ xd

— | Fullload (C.4.2)

Hollow load test (C.2) — XX — -

Boyvie and Dick test (C.5) — XX xx xx€

Ainjleakage flow rate (C.6) — xx — xxf

Airndetector (if fitted) (C.7)

— | Smallload — xx — xd
—_ X X J— xd

— | Fullload ¢
S X X J— X

— | Function

Lodd dryness tests (C.8)

Key

xx | Tests that are suggested.

x | Tests that may Be gonsidered.

— | Tests that need not be performed.

a | Conformance should be tested in accordance with acknowledged analytical methods.

b | Specified for the sterilizer.

¢ | Atjeast three-monthly.

d  Atleast annually.

e Atleastdaily.

f Atleast weekly.

g  Thisis aweekly test unless it is carried out automatically by the control and monitoring system.

h Required if exposure of specific load configuration to defined sterilizing conditions cannot be predicted
from OQ tests (see Annex G).

NOTE In some sterilizers, the air leakage flow rate test may be performed automatically more frequently or
as an automatic stage within the operating cycle and carried out on every cycle in which case a separate air
leakage flow rate test can be carried out less frequently.
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Table C.1 (continued)

Test Installation Operational Performance Periodic
qualification qualification qualification testing

— Small load textiles — x — —
J— X J— J—

— Full load textiles . N o .

— Metal

Dynamic pressure — — — xb

test (C.9)

Automatic control test — xx8 xx8 xx8

(C.11)

Prqduct test — — xh xd

Key

xx | Tests that are suggested.

fro

NO
as 4
leal

At least three-monthly.
Atleast annually.
Atleast daily.

Atleast weekly.

M 0Q tests (see Annex G).

Specified for the sterilizer.

Tests that may be considered.

Tests that need not be performed.

Conformance should be tested in accordance with acknowledged analytical methods.

This is a weekly test unless it is carried out automaticallyby the control and monitoring system.

Required if exposure of specific load configuration tovdefined sterilizing conditions cannot be predidted

[E In some sterilizers, the air leakage flow rate“test may be performed automatically more frequently or
n automatic stage within the operating cycle and carried out on every cycle in which case a separate air
kage flow rate test can be carried out less.frequently.
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Table C.2 — Example of a schedule of tests for validation and periodic testing for a small steam

sterilizer conforming to EN 13060

Test Installation qualifi- |Operational qual-| Performance | Periodic testing
cation ification qualification

Safety tests and checks xx f — — x f

Steam quality 2 (external sup-

ply)

— Non-condensable gases x — — x f

X — x f

— Contaminants

Thermometric tests 2

— Solid 1pad — xx D1 — cfi
— x b, i — % C, i

— Poroug load

Hollow load tests @

— Narroy lumen — XX XX %8, h
— xx b, i,j — —

— Simplg hollow item

Air leakage flow rate x b xx = b x h

Air detectof (if fitted)

— Load — xx — x f
_ XX _ X h

— Functipn

Load dryngss tests @

— Solid 1pad — Xx € — x C
— xx € — x C

— Poroug load

Dynamic pressure test — — — —

Key

xx Tests that are suggested to be carried out before PQ-

x  Tests thqt may be considered.

— Tests thdt need not be performed.

a  According to the specification provided for the sterilization cycle such as load, wrapping.

b Valid rdsults from works test may.be-used.

¢ In comh

d  Requirg

ination with requalification.

Annex G).

¢ May be performed as\product test.

f Frequerncy as specified for the sterilizer.
g8 Atleast|daili.

h o Atleastlweekly.

d if exposure of specific load configuration to defined sterilizing conditions cannot be predicted from

DQ tests (see

I Where specified, the theoretical temperature may be used (see Annex E) as reference.

j Not if narrow lumen.

k  This can be a weekly test unless it is carried out automatically by the control and monitoring system.

1 May be considered as a demonstration of basic functionality.

NOTE Details on tests are provided with reference to EN 13060.
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Table C.2 (continued)

Test Installation qualifi- |Operational qual-| Performance | Periodic testing
cation ification qualification
Automatic control test — xk.1 xk,1 xk,1
Product testa — — xd, i « £
Microbiological, thermometric
— Solid loads

Narrow lumen

Simple

hollow item

Porou;

load

Key

xx Tests th
x  Tests thg
— Tests thd

a

tare suggested to be carried out before PQ.
t may be considered.

tneed not be performed.

According to the specification provided for the sterilization cycle such as load, wrapping.

b Valid rdsults from works test may be used.

¢ In comHfination with requalification.

d  Requirgd if exposure of specific load configuration to defined sterilizing conditions cannot be predicted from
Annex G).

e May be performed as product test.

f Frequer|cy as specified for the sterilizer.

g Atleast|daily.

h o Atleastfweekly.

I Where dpecified, the theoretical temperature may be used (See Annex E) as reference.

j Not if narrow lumen.

k  This can be a weekly test unless it is carried out'automatically by the control and monitoring system.
1 May be considered as a demonstration of basic functionality.

NOTE Detaills on tests are provided with reference to EN 13060.

DQ tests (see
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Annex D
(informative)

Examples of moist heat sterilization cycles

conceptual and give examples only.

This Annex describes examples of typical operating cycles used in moist heat sterilization. Figures are

D.1 Saty

D.1.1 Th
from fabri
where the

D.1.2 An|example of a chamber temperature and pressure profile for a vented, steam sterilizat
shown in Higure D.1.

D.1.3 Th

Irated steam sterilization — Vented systems

s sterilization cycle is primarily intended for surface contact steam sterilizatioh, as 2

cteam acts as a heating medium.

e sterilization cycle consists of three major stages:

g (conditioning) stage: with the vent open, steam is admitted or generated in the ch
fes air until the desired conditions are met; this is formally determined by the meas
rature. The vent then closes and steam continues’to be admitted or generated in th
ne sterilization temperature and corresponding’saturated steam pressure are attained

| period: the sterilization temperature is maihtained in the chamber by steam for the

b (re-conditioning) stage: this stage €an differ for various types of product. Air can |
F the chamber to atmosphere and to remove residual steam / condensate or, where {
containers are cooled, filtered.compressed air can be admitted into the chamber to pr
ssurization. This stage is completed when the pressure in the chamber is at atmospher
o, in the case of sealed containers, when a safe temperature is reached in the containe

irated steam stevilization — Active air removal

s sterilization-cycle is primarily used for product where air is difficult to remove

tact sterilization.

example of a chamber temperature and pressure profile is shown in Figure D.2. This

ir removal

's and cavities is uncertain. It is also used as a process for the sterilization’of contalined fluids

ion cycle is

amber and
urement of
e chamber
.

prescribed

e supplied
olutions in
bvent rapid
ic pressure
rs.

such as in

erials, imstruments with channels and/or cavities and packaged items. It can also e used for

is only one

a) Heatin
displa
tempe
until t}

b) Plateaf
time.

c¢) Coolin
to ven
sealed
de-pre|
and alj

D.2 Saty

D.2.1 Th

porous m

surface co

D.2.2 An

example o

the many implemented in modern sterilizers.

D.2.3 The sterilization cycle consists of six major stages:

a)

oraco
b)

are att
)

mbination of vacuum and steam pulses above and/or below atmospheric pressure.

ained in the chamber.

the specified time.
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Air removal (conditioning) stage: air is removed from the chamber and the load by either a deep vacuum

Charge (conditioning) stage: steam enters the chamber until the sterilization temperature and pressure

Plateau period: the sterilization temperature and pressure are maintained in the chamber by steam for
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Exhaust stage: steam is exhausted from the chamber, and a pre-determined level of vacuum is obtained.

Drying (re-conditioning) stage: for items required to be dry, the temperature in the jacket surrounding

the chamber and the vacuum in the chamber are both maintained for a pre-determined period.

f)

reache

d.

D.3 Steam-air mixtures (to provide an overpressure) sterilization cycles

D.3.1 General

Vacuum relief (re-conditioning) stage: air is admitted to the chamber until atmospheric pressure is

This steril
pressure W
container (

For such c(
outside of §

D.3.2 Ste

D.3.2.1 A

D.3.2.2 T

a)
that w|
contin
requir
airisi
to mai

b) Plateaf

Coolin

air, he

rapid (
maintd
to atm|

D.4 Water spray

D.4.1 An

D.4.2 Th

Heating (conditioning) stage: the first part of this stage iS'the same as for the vented sys

Zatiom Tycte TS primarity usedfor contaimed productwirereat certaim stages i th
rithin the container exceeds the pressure within the chamber. This can result in frag
r loss of integrity of the seal; to compensate for this an overpressure is used.

ntained product, several sterilization processes are available to ensure that.the pres:
h product balances the pressure on its inside.

am-air mixtures
n example of a chamber temperature and a pressure profile is shown in Figure D.3.

he sterilization cycle consists of three major stages:

here the product integrity can be affected by risjnig steam pressure, venting is preclu
1es to enter the chamber until the prescribed sterilization temperature is attained.
ps overpressure during this stage and wher¢ the partial pressure resulting from the
nsufficient to protect the product, compressed air is introduced. Circulation is normal
htain a uniform environment.

| period: circulation and sterilizatidn temperature are maintained for the prescribed

b (re-conditioning) stage: cooling of the product is accomplished using cooled c
ht exchangers or cooled water spray. During this stage, damage to the contained pr
le-pressurization of the-chamber is prevented by compressed air. The required press
ined in the chamber until the contained product has been sufficiently cooled and it is t
psphere.

example*of a chamber temperature and pressure profile is shown in Figure D.4.

e cycle the
ture of the

ure on the

fem except
ded. Steam
If product
entrapped
y required

ime.

pmpressed
bduct from
ure is then
hen vented

p sterilization cycle consists of four major stages:

a)

the sterilizer or produced as condensate from the steam. It is then sprayed over the product.

b)

Fill (conditioning) stage: at the beginning of the sterilization cycle, a quantity of water is introduced into

Heating (conditioning) stage: heating to the required sterilizing temperature is achieved, either by

introducing air and steam into the circulating system or by heating the water through a heat exchanger
and introducing compressed air into the chamber.

maintained at the required sterilizing temperature for the desired time.
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Plateau period: the circulation system is operated and the circulating water and contained product is
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d) Cooling (re-conditioning) stage: the pressure in the chamber is maintained by compressed air and the
contained product is cooled as the temperature of the circulating water is cooled at a controlled rate.
The chamber is de-pressurized when the contained product has been reduced to a safe temperature.

D.5 Water immersion
D.5.1 Anexample of a chamber temperature and pressure profile is also shown in Figure D.4.

D.5.2 This is a similar sterilization cycle to the water spray system, except that the contained product is
totally immersed in water in order to maintain its shape.

Y
1 2 3
. S —
//
7
X
Key
X time
Y temperature (__); pressure (____)
1  conditipning stage (air removal by downward/gravity displacement)
2 plateay period
3  steam ¢xhaust and cooling period
a  Vent clpsure.
Figure D.1 — Example of a chamber temperature and pressure profile for a saturated steam
sterilization — Vented cycle
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Y 1 2 3 b 5 6

time
temper
conditi
conditi
plateay
steam ¢
drying

ature (____); pressure (____)

bning stage (air removal by a sequence of evacuations and steam admiSsions/pressurizations)
bning stage (steam admission to sterilizing pressure)

period

xhaust

Stage

VacuurI relief stage

Atmos

Figur

heric pressure.

p D.2 — Example of a chamber temperature and pressure profile for a saturated
sterilization= Active air removal cycle

steam

© IS0 2024 - All rights reserved

86


https://standardsiso.com/api/?name=8a687bdb15c7440f53677c7fa79416c1

ISO 17665:2024(en)

Y 1 2 3
I L
/ \
/
/ \
/ \
/ \
/
/
4 AN
X

Key
X time
Y temperjature (___); pressure including air overpressure (____)
1  conditipning stage (chamber pressurisation)
2 plateay period
3 recondjtioning stage (steam exhaust and cooling period)
Figure D.§ — Example of a chamber temperature and préssure profile for a steam-air mix

fure cycle
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time

temperjature ( ___); pressure including air overpressure (____)
conditipning (fill) stage

conditipning (heating) stage

plateay period

cooling stage

D.4 — Example of a chamber temperature and pressure profile for a water imme

water spray cycle

rsion or
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Annex E
(informative)

Temperature and pressure of saturated steam for use in moist heat

sterilization

E.1 Steam tables for use in moist heat sterilization

Theoreticall steam temperature [see 6.3 b)] can be determined directly from the steam tables referenced

below or cglculated from Formulae (E.1).
T=1[-3[892,7/(In P - 9,486 54)] - 230,602 4 (E.1)
where
T is|the theoretical steam temperature in ° C;
P the measured chamber pressure in MPa.
Example calculation for:
P=0,205 04 MPa
T=[-3892[7/(In (0,205 04) - 9,486 54)] -230,602 4
T=[-3 892(7/(-1,584 550 - 9,486 54)] -230,602.4
T= (-3 892(7/-11,071 09) - 230,602 4
T=351,609 4 - 230,602 4
T=121,0070
At a pressyre of 0,205 04 MRa-the saturated steam temperature would be 121,000 °C. Using Forinulae (E.1
the calculdted value shown)in the example is 121,007 °C. The difference is considered acceptable. The
difference |between caleulated temperature using Formulae (E.1) and the values shown in Table E.1 have
maximum fdeviations of+/- 0,01 °C over the range 100°C to 140 °C. The values shown in Table E.1|should not
be used for the estimation of NCG in steam (see E.2).
Table [E1 ~— Temperature and pressure of saturated steam for use in moist heat steriligation
Temperature Pressure Pressure Temperature Pressure Pressure
°C mbar MPa °C mbar MPa
100 1014,2 0,101 42 120 1986,7 0,198 67
101 1050,9 0,105 09 121 20504 0,205 04
102 1088,7 0,108 87 122 2115,8 0,211 58
103 11277 0,112 77 123 21829 0,218 29
104 11678 0,116 78 124 2 251,7 0,225 17

NOTE 1 This table is extracted from ASME “International Steam Tables for Industrial Use” based on IAPWS “Industrial
Formulation 1997 for the Thermodynamic Properties of Water and Steam (IAPWS)” (see Reference [64]).

NOTE 2 1 014,2 mbar = 0,101 42 MPa = 101,42 kPa.
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Table E.1 (continued)

Temperature Pressure Pressure Temperature Pressure Pressure
°C mbar MPa °C mbar MPa
105 1209 0,1209 125 23222 0,232 22
106 1251,5 0,125 15 126 2394,6 0,239 46
107 1295,1 0,129 51 127 2468,8 0,246 88
108 1340,1 0,134 01 128 25448 0,254 48
109 1386,3 0,138 63 129 26227 0,262 27
110 1433,8 0,143 38 130 2702,6 0,270 26
111 1482,6 0,148 26 131 27844 0,278 44
112 1532,8 0,153 28 132 2 868,2 0,286 82
113 1584,3 0,158 43 133 29541 0,p95 41
114 16373 0,163 73 134 3042 0/304 2
115 1691,8 0,169 18 135 3132 0{3132
116 17477 0,174 77 136 32242 0,822 42
117 1805,1 0,180 51 137 3318,5 0,831 85
118 1 864 0,186 4 138 3415,1 0,841 51
119 1924,5 0,192 45 139 35139 0,851 39
140 3615 0}13615
NOTE 1 This table is extracted from ASME “International Steam Tables for\Industrial Use” based on IAPW§ “Industrial
Formulation| 1997 for the Thermodynamic Properties of Water and Steam (IARWS)” (see Reference [64]).
NOTE 2 1 01§t,2 mbar = 0,101 42 MPa = 101,42 kPa.
E.2 Guigance on the application of steam tables for determining the presencp of
saturate( steam
E.2.1 Saturated steam and how steam:tables are used to predict temperature from pressure
and vice yersa
Saturated $team is water vapour in a-state of equilibrium between its liquid and gas phases.
Steam satiiration is a term also_used but should not be confused with the term saturated pteam (see
Reference [75] and definition3.56).
Steam tables (see E.1) describe the physical relationship between the temperature and pressure of
pure saturjated steam.{WHen saturated steam is used in saturated steam sterilization it normally has a
temperatufe which correlates to a pressure shown in steam tables (Table E.1). If the pressure of saturated
steam is known, thetemperature, along with other properties, can be determined from steam [tables (see
E.1). Similarly, if-the temperature is known the pressure can also be determined from the sgme tables.
Subclause pA3.b) requires that the chamber reference temperature should correlate with the tgmperature
o e

not correlate, this can be due to:

a) the presence of superheated steam (T, is greater than T_: see E.2.2);

b) the presence of large quantities of residual air which have reduced the measured temperature below
that calculated from measured pressure (T, is less than T_: see E.2.3);

c) discrepancies in the measuring chains for pressure and temperature (7, can be greater or less than T);

— A measuring chain outside of its specification can give rise to a difference between measured
temperature and that calculated from measured pressure.
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— The specified tolerances for each measuring chain (temperature and pressure) can give rise to

differences between measured temperature and that calculated from measured pressur

e.

E.2.2 Superheated steam and how steam tables can be used to identify its presence.

Superheated steam is steam which has been heated beyond its saturation point according to steam tables.
The measured temperature of the steam will be higher than that calculated from the measured pressure.
Superheated steam is considered less able to achieve microbial inactivation than saturated steam, but the

relationship is complex (see References [66] and [67]).

E.2.3 Steam-air (NCG) mixtures and how steam tables can and cannot be used to identify

their presence

The tempefature and pressure of pure saturated steam has predictable properties. If air or othe

mixed with steam then partial pressure laws apply (Dalton’s Law of Partial Pressures) andcthe r
between

the partial pressure of each gas will contribute to the total pressure in the mixtare (i.e. Py,

Pgicam)- The temperature will therefore be lower than that calculated from measured pressure
to steam tgble values Formula (E.1). If the measured temperature is lower than the temperature
from measured pressure, this is an indication that a steam-air mixture is présent in the chamb

calculations given in References [74] and [77]). However, it is wrong to conclude that an equivalen
the measured temperature and that calculated from measured chambet, pressure in accordance
table valuds indicates the presence of saturated steam. Large quantities of NCGs are required

measurablg difference between the measured temperature and the¢emperature calculated from

chamber ppessure when taking into account the tolerances of.the measurement chains used in
sterilizers jor the guidance given in C.4. Such quantities of residual air are several hundreds of ti

therefore
homogeneity of the steam-air mixture.

As an exanjple, the acceptable content of NCG in the steam supply can be 3,5 ml of gas collected f1
of condensed steam (see C.10 and a method in EN 285). This results in an NCG level in saturate

121 °C to 124 °C or 134 °C to 137 °C hundreds of times lower (less than 100 parts per million NC

than the 3,5 ml limit. This level of NCG in steam will cause a difference between the measured te
and temperature calculated from pressure of less than 0,001 °K which is well below the me
tolerances|for temperature.and pressure suggested in this document. Thus, the comparison of

and calculated temperature-from chamber pressure would not detect a level of NCG in steam
create a prjocess failure[s€e also Reference [77]). An example of the calculation of these values i
Table E.2 and in the litérature.

Table E.2 gshows:the effect of increasing quantities of non-condensable gases accumulating in th
on the correldtion between the measured temperature and the temperature calculated from the

easured temperature and measured chamber pressure will no longer reflect steam tz
When a mifixture of steam and air/NCGs exists, the only contributor to temperatuge'is steam

.3, F.6.4 and H.6.4) non condensable gases are deliberately left in or introduced into th
igher values of NCGs in steam are applicable however measures are normally taker

r NCGs are
blationship
ble values.
. However,
1 = Pnee +
according
calculated
er (see the
e between
lvith steam
to create a
measured
moist heat
mes higher
d Annex C]
5, however,
ktures (see
e chamber
to ensure

om 100 ml
d steam at
; in steam)
mperature
asurement
measured
which can
s shown in

e chamber
measured

pressure (the-sum of the partial pressures of steam and non-condensable gases) using Formulz

(E.1). The

table shows the effect on saturated steam sterilization cycles operating at 136 °C and 123 °C.

Only when

greater than approximately 6 % residual non-condensable gas is present in the chamber is the measured
temperature below the acceptance criteria specified in C.4 for operating cycles with a temperature band of

134 °Cto 137 °Cand 121 °C to 124 °C (see Table A.2).
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Table E.2 — Effect of increasing quantities of non-condensable gases accumulating in the chamber
on the correlation between the measured temperature and the temperature calculated from the

measured chamber pressure

Measured |Theoretical tem- | Measured cham-| Theoretical % Airin | Volume air % NCG
chamber pres- | perature from |ber temperature| pressure from | chamber | in1000L found in
sure pressure (°C) temperature | byvolume | chamber 100 ml of
(kPa) (°C) (kPa) (L) condensed
steam?
322,42 136 136 322,42 0,00 0,00 0,00
322,42 136 136 322,38 <0,01b <0,1b 3,5P
322,42 136 135 313,20 2,86 28,60 94,10
322,4 156 154 304,20 9,65 56,01 97,09
322,42 136 133,8 302,50 6,18 61,80 97,36
218,29 123 123 218,29 0,00 0,00 0,00
218,29 123 123 218,00 <0,01P <oy 3,5b
218,29 123 122 211,58 3,07 30,74 96,17
218,29 123 121 205,04 6,07 60,7 98,14
218,29 123 120,8 203,74 6,67 66,65 98,32
a  This colpmn is a theoretical calculation showing the percentage of NCG found in 100 mbof condensed steam using the method

and calculat
be noted th4
method of c

b These fi

Example cal
a temperatuy
calculated f7
*100=6,18

0

bures refer to the limiting values for NCGs in steam supplied to,the'sterilizer in EN 285 and EN 13060.

on described in Annex C and EN 285 if a sample were taken from the pipesupplying steam to the chamber. It should
t the values are illustrative since at very high levels of NCG in steam cé€rtain anomalies will be introduc¢d due to the
Iculation.

fulation: The temperature measured in the chamber is 133,8%C. The measured chamber pressure is 332,42 kPa. At
Ire of 133,8 °C the chamber pressure should be 302,50 kPa, The difference in the measured pressure dnd pressure
om the measured temperature is 322,42 - 302,50 = 19,92 kPa. The proportion of NCG in the steam is 19,92 / 322,42
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Annex F
(informative)

Guidance on the application of the normative requirements in health

care facilities

F.0 General

This anney
facilities. H
Annex H. R
the manufj
are requir
range of pd
ensure tha

NOTE i
this docume
exists (e.g. I

F1 Scoj

No additios

F1.1 Ing
F.1.1.1 N

F1.1.2 T

sterilization.

F1.2 Ex

F1.2.1

F.1.2.2

F.1.2.3

uffc1 ) Euidauu: tU ]UC LUllbidCl Cd fUl tllC ustcT Uf lllUiDt llcat DtCl i}iLatiUll lJl ULTS33CS ill
or application in industrial settings the reader should refer to Annex A in combin
leusable medical devices are used in health care settings and are processed in.accor
icturer’s instructions for use. Prior to sterilization, control of cleaning and disinfectioy
ed. Due to the nature of use in a wide variety of settings and procedures,there is a
ssible contamination and devices. Policy and standard operating procedures should be
t medical devices undergo safe processing.

or ease of reference, the numbering of clauses in this annex corresponds®o that in the norma
nt as described. In some clauses, additional information is provided forwhich no normative clg
ulleted text or additional numbered subclauses).

De

nal guidance.

flusions
o additional guidance.

he most common moist heat sterilization process used in health care facilities is satur

Clusions
o additional guidahce.
o0 additionakguidance.

o additienal guidance.

ealth care
ation with
Hance with
| processes
significant
in place to

[ive parts of
use number

ated steam

F1.2.4

o-additional guidance.

F.2 Normative references

No additional guidance.

F.3 Terms and definitions

F.3.1 Users of this document in a health care facility should be familiar with the definitions given
in Clause 3 since the terms used are carefully defined and will be used in the context of the definition,
sometimes appearing obvious or counter intuitive. For example, the definition of establish requires both a

theoretical

and practical evaluation where data is created during testing.
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F.4.1 Development, validation and routine control of a sterilization process

F.4.1.1 Overview

The health

care organization should understand the benefits of:

the system is understood, implemented and maintained with current information;

defining roles and assigned responsibilities, tasks and processes to be undertaken;

introducing a system focused on quality of the process, reviewed at regular intervals, and ensuring that

defining organization levels of leadership with responsibilities that are clearly identified, as

documented;

a)

b)

9]

d) creati
F.12.5);

e) staffp

f) thatre

NOTE A

F4.1.2 (

The health

including f

g procedures that ensure a change in a process is verified and documented (see 12.5,

)

erformance reviews that are established and implemented;
sources are made available for trained personnel, supervision, work/activities and qua

A\Iso see ANSI/AAMI ST90 and ISO 13485.

uality systems considerations

care organization should understand the benefits to the facility of a quality focus|

facility shquld address:

dting personnel trained in the performance of audits and the implementation
rement initiatives;

1g staff and management responsibilities;

1g the qualifications, competency and responsibility of each person authorized
) and designated to carry,etit'specific task(s);

shing qualification, educdtion and training of personnel;
icing an infection'prévention and control programme including procedures and proto
b provisionsforworker occupational health and safety;

ig procedures for subcontractors, including whether they operate within or outside
cility, if applicable;

1g-staff and training competency assessment procedures;

signed and

A.12.5 and

lity audits.

ed system,

inancial. The following are considerations for a(quality focused process which the health care

of quality

authorized

Cols;

the health

ensuring procedures are in place for control and monitoring of all phases of the operation and that there

is documentation to ensure adherence to standards, guidelines and regulations (for example, procedures
for sterile storage and transport conditions, manual and automated cleaning and disinfecting practices,
safe handling of sterilization and disinfection agents and ensuring that they are being used according to
instructions on their label);

a) design
improy
b) definir
c) definiy
persor]
d) establi
e) introd
f)  makin
g) definiry
care f3g
h) definir
i)
j)
k)
enviro
1)

specifi

nmental protection;

cations of the sterilizer manufacturer;
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purchased sterilizers conform to legal requirements and their specifications (see 6.2 and F.6.2);

sterilizers are installed correctly and safely with regard to proper functioning, safety of personnel and
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q)

newly installed sterilizers are subject to IQ, 0Q and PQ tests before they are put into service;

ISO 17665:2024(en)

sterilizers are subject to a documented scheme of periodic tests at yearly, quarterly, weekly and daily
intervals;

sterilizers have an equipment maintenance service contract or in-house inspection and equipment
maintenance programme staffed by fully trained, qualified and competent personnel;

procedures for processing, quality control and safe work practices are documented and adhered to in
accordance with statutory requirements and accepted best practice;

procedures for dealing with malfunctions, accidents and dangerous occurrences are documented and
adhered to;

the st
inspec

tions are followed and documented (see Clause 12 and 12.3);

each measuring chain (sensor to readout and recording) fitted to, or used with,-the s
equiprment is calibrated annually, inspected, checked and maintained;

the ca
nation|

ibration of the equipment should be carried out using instruments_calibrated and t
hl standards;

the stqrilizer technical documentation has information and schedules-on any parts or comp

requir

e routine replacement and that this is made available to the dser.

F.4.1.3 (Qperational considerations

The health

a)

D)

work

environmental controls, hand and eye washing facilities, disinfection/testing/equipment mz:

care organization should address operational aspegts such as:

irea design (decontamination, preparation, sterilization and sterile storage areas),

work durfaces, traffic control, personal protective equipment and dress code;

collecting information about processing retisable medical devices;

disass
inspec

SBS (p

embly, if needed, cleaning and disinfection;
tion, reassembly and functional testing of complex devices;

nckaging);

sterilizer loading, operation, unloading and load release;

storag

need fi

b, transport,and distribution;

br a trac€ability system for each medical device;

purche se dgreements;

equip

oWt ot o oo dctarily r ool $io0m A+ A aacriring choda
I I T

erilizer manufacturer recommendations for regular equipment maintenance and periodic

terilization

Faceable to

bnents that

transport,
lintenance,

a o .
TOTT OT T TIICa S Ut ity CIrafttr

N
P

T rrrarmrcCran ot STCT I

management and reporting of incidents requiring attention or action;

//sensors

the sterilization of a medical device(s) according to the validated manufacturer's instructions for use;

m) the sterilization of a medical device(s) that is (are) difficult to clean, disinfect, package, or sterilize.

F.4.1.4 Documentation

The health care organization should address requirements for sterilization process documentation and
should ensure that this documentation includes:

a)

regula

r quality audits of the documentation system;
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accessibility to the staff;

rilization process;

all procedural and equipment audits and reports;

communicated to the appropriate staff in a timely manner;

g)

routine monitoring, load contents and load release results.

standardized policies and operating procedures and have pertinent information for all critical steps of

operator manuals, diagrams and visual keys that should be available and readily accessible to staff;

any changes to sterilizer equipment or processes, product or SBSs, which should be documented and

F.4.2 No

F.5 Ster

F.5.1 Ste
F.5.1.1 N

F.5.1.2 Tj
commercid
during the

F.5.1.3 S

E5.2 Mi

The occurl
measured
in Annex E
medical d¢
occur and
steam. Sup
steam. It c{
fibres. Sup

example by:

a)

having
pressu

b) ensuri

additional guidance.

ilizing agent characterization
rilizing agent
o additional guidance.

he majority of health care facilities utilize moist heat processes with saturated
lly available steam sterilizer employing a well-recognized time and temperature c
holding time. (See Table A.2.)

e C.10 for additional guidance on the quality of steam supplied to the sterilizer.

crobial effectiveness

rence of superheated steam can impaét-the microbial effectiveness of the cycle. Wh
emperature exceeds the theoreticaltemperature calculated from measured pressure a
superheated steam can be present."The presence of superheated steam can be detrim
vice and or its packaging and can compromise the sterilization process. Superheated
behaves more like a dry gas.and has a low microbicidal effectiveness compared with
erheated steam can result from pressure reduction and/or adiabatic expansion o
n also occur from therehydration of parts of the load, particularly those parts contain
erheated steam conditions can be minimized by engineering of the steam supply

b

a series of¢ressure reduction stages from the supply pipe to the chamber and en
re reductionratio for each stage does not exceed 2:1;

hg steam velocity does not exceed 25 m/s;

steam in a
mbination

enever the
5 described
bntal to the
steam can
| saturated
saturated
ing natural
ystem, for

suring the

ensuri

9

ng'materials made from natural fibres are pre-conditioned to a humidity greater tha

n 40 % RH

prior to sterilization.

NOTE

See A.5.3 and A.7.5.

F.5.3 Effects on materials

Health care facilities should be aware of the information and material effects testing performed by
manufacturer of the medical device and SBSs to be processed to ensure compatibility with the sterilization

process.

F.5.4 Environmental consideration

No additional guidance.
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F.6 Process and equipment characterization

F.6.1 General

F.6.1.1 No additional guidance.

F.6.1.2 No additional guidance.

F.6.2 Process characterization

F.6.2.1.1 The process variables for moist heat sterilization are exposure for a specified time at a specified

temperatu
a moist hed

NOTE I
used by the

F.6.2.1.2 T
health carg
is confirmg
Alternativq
will normg
to identify
been attaiy

F.6.2.2 P
a) Thefo
1) St

2)

e thre presence of moist reat ttshoutd beTecognised that pressure s Tot T process
It sterilization process since it has no bearing on microbicidal lethality.

rocess variables are those which contribute to microbial inactivation. Pressure is a eyele vaj
control system to deliver the required operating cycle.

here are two common approaches to the development of sterilization precesses typic:

facilities. One approach is described in B.4.4.2. When the inactivation of the biologic3
bd, the exposure time can be defined conservatively as twice the‘exposure time in thg
bly, the approach described in Annex C is used. Evaluation of a sterilization process by t
lly be from the data generated from a series of performance’tests. Each test should b
whether one or more of the performance requirements specified for the sterilization
jed.

rocess specification

lowing is an example of an operating cycle specification (see Annex D, Figure D.2):
hge 1 - Conditioning:

Number of pulses: (e.g. 3)

Type of pulses: (e.g. trans-atmospheric)

Pressure value for all negative pulses: (e.g. 130 mbar)

Pressure value for all positive pulses: (e.g. 1 150 mbar)
hge 2 — holding time:

Sterilizatign-témperature: (e.g. 134 °C)

the théogretical temperature calculated from the measured pressure according to st
can-also be considered (see E.1). Theoretical temperature cannot be used to verify s
steam conditions but can give an indication of rough deviations (e.g. large leaka

variable in

iable and is

11ly used in
1] indicator
half cycle.
his method
e designed
rocess has

eam tables
atisfactory
bes, failure

of pressure measurement/process control). In the temperature control for some

sterilizers,

3)

theoretical temperature can be relevant.

Holding time: (e.g. 4 min)

Stage 3 - Drying

Pressure value for vacuum point: (e.g. 90 mbar)
Drying time: (e.g. 15 min)
Drying pulses: (e.g. 1)

b) Tolerances can be included with the above items.
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See F.6.2.2 a) and b).
See F.6.2.2 a) and b).
See F.6.2.2 a) and b).

Health care sterilization loads commonly consist of different medical devices combined into sets with

various sterilization barrier systems used to enclose them. For each type of load configuration the
reusable medical device manufacturers instructions for use should be reviewed and supporting evidence
established to ensure the items can be sterilized in the proposed sterilization cycle. It is important to
establish product families that can be sterilized for each type of load configuration. The location where
the electronic recording devices and PCDs are placed is specified for referenced load configurations.
Information relating to the location can be available in the sterilizer’s instructions for use.

the cayises of wet packs. The dryness fraction of the steam should be determined, monitored

9]

d)

e)

f)
NOTE
and SB

g) No addg

h) Medic:
cycle,
family

i) Toimp
the ph
passed

j) Noadd

k) Monitq
either

1) Water
can ha
possib

The rate o

some medical devices (e.g. with a lumen). This can warrant a controlled rate of pressure change

damage to
F.6.2.3 N

F.6.3 Saf

Steam can

will be graldually,.removed by gravity displacement, active flow or by forced evacuation. It is asj

if residual

Load configuration can include the types and number of items, loading pattern, orientati
b in use.

itional guidance.

i1 devices, SBSs and load configurations can impact the conditioning,Stage of the s
hnd it can be necessary to implement different conditioning phases according to t
s characteristics.

rove load drying during the drying phase, positive pressure pulges or air might be ad
Ase to improve condensate evaporation. Any air introduce@ during this stage of the|
through a microbial retentive filter to ensure no recontashination of the sterile load c

itional guidance.

ring can include physical parameters, biological~and or chemical indicators. PCDs d
h biological or chemical indicator, or both.

and steam quality requirements are established to understand presence of contam
ve an adverse effect on the product oxr packaging. Excessive water in the steam supp

e controlled (see Annex C).

f pressure change can affect.the medical device and SBS integrity and sterilization
the SBSs and/or medical device and /or to allow steam penetration into the medical d¢
o additional guidance.

furated steany'sterilization processes

be generated in, or admitted to, a chamber from an external or internal source. Air in t}

airiis' reduced to an acceptably low level such that standardised test procedures

acceptancs

bn, location,

rerilization
he product

ded during
process is
hn occur.

an contain

nants that
ly is one of
and where

efficacy of
to prevent
pvice.

e chamber
umed that
reach their

Criteria, then moist heat conditions will be present on the surfaces requiring sterilizal

fion.

Variations in process parameters and/or the amount of non-condensable gas remaining in the chamber
at the end of the air removal stage can result in an ineffective process. Sources of non-condensable gases
should be known.

The sterilizer technical specification documentation is often provided to the health care facility by the
sterilizer manufacturer (see Table A.1).

The health
a)

care facility saturated steam sterilization process specification should include:

a description of cycles used, which should include the measured process variables and cycle variables

and acceptable ranges, the upper and lower limits for each process parameter and cycle parameter, and
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the method used for air removal, test methods, monitoring procedures, test frequency and acceptance
criteria for sterilization process evaluation;

b) no additional guidance;

¢) identification of a steam penetration test to detect unacceptable levels of NCGs, air leakages into the
chamber or other causes of inadequate air removal;

d) documentation on the type of monitoring and how often it is used;

NOTE A PCD can contain a biological indicator and/or chemical indicator. When used for qualification, the
PCD can contain a temperature sensor.

e) the type of air removal test built into the sterilizer;

f) the lo:Jd contents;

NOTE Reference loads can be specified from a consideration of items to be processed, product family
designations, SBSs employed, and load configuration used, and should represent typical afid the most|challenging
load tofthe process.

g) thelinstructions for use accompanying either the sterilizer or the medicaldevice, or both, dan provide

informatiopn on drying times.

F.6.4 Coptained product sterilization processes

Contained |product sterilization processes are not commonly carried out in health care facilities. If used,

they will often be associated with a pharmaceutical manufacturing department. The sterilizer§ employed

will either|be specifically designed for contained product sterilization or will have sterilizatior] processes
specifically designed for contained product sterilization (see“A.6.1.3 and H.6.4). It is unlikely th¢ saturated
steam sterjlization processes used for processing reusable medical devices would be suitable for |processing
contained jproduct (see Annex D). Similarly, the SBSs@sed for medical devices (e.g. woven or hon-woven
wraps or 1figid container systems) are unlikely to beused for contained products which will ethploy rigid

(e.g. glass hottles or sealed ampoules), semi rigid (€:g. polypropylene bottles) or flexible (e.g. PVC IV pouches)

containers| Annexes A, B, H and D describe in detail the processes typically used for contained product and

the approaches taken for development, validation and routine monitoring.

F.6.5 Equipment

F.6.5.1 Sterilizers for use in ealth care facilities should be equipped with a sterilization process(es)

designed t¢ sterilize a range of:nedical devices routinely used in a health care facility. National and regional

standards |(e.g. EN 285, EN~13060, ANSI/AAMI ST8, ANSI/AAMI ST55, JIS T 7322, JIS T 7324) specify

sterilizers which have such)a capability. See also A.6.2.

a) The sterilizer make, model and serial number should be documented. The documentation accpmpanying
the stgrilizersusually provides this information along with an equipment specification. The installation
and operator’s manual should be obtained and retained.

b) Drawihgs and a r‘]ncrripfinn of the materials of construction for the steam r‘]ﬂ]ivnry system :S) and any
ancillary items should be obtained and retained.

¢) Technical information, product codes and description of any accessories, replacement parts, frequencies
of replacement, including filters (if used), should be obtained and retained.

d) A description of the measuring chains including sensors and recommended calibration and maintenance
frequencies should be obtained and retained.

e) A description of equipment process capability including pressure ranges for each cycle stage should be
obtained and retained.

f) A description of failure messages and audible alerts including recommended actions to take when they

occur should be obtained and retained.

© IS0 2024 - All rights reserved

99


https://standardsiso.com/api/?name=8a687bdb15c7440f53677c7fa79416c1

ISO 17665:2024(en)

obtained and retained.

maintenance procedures and frequency, should be obtained and retained.

F.6.5.2 SeeF.7.12.

F.6.5.3
their char
The charad
requireme
constructi
roles and r

F.6.5.4 T
which can

F.6.5.5 T

F.6.5.6 S

NOTE ]

F.7 Pro

F.71 Iti
modified nj
care facilit
the health
device, hoy

The 10 pr

e 1Q process should include an audit of the location of the sterilizer, the supplied se
cteristics (e.g. the supply pressure and flow rates of the steam, water and compressed. air supply).

teristics of the electrical supply (e.g. voltage and amps) should be compared with ghe sy
hts. In a health care facility these activities can be undertaken by the stefilizer
n company, but the outcome should be documented. See Table A.1 for further infoj
esponsibilities.

he load support system refers to racks permanently fixed into the(chamber or shely
be moved in and out of the sterilizer on guide rails.

he technical information provided with the sterilizer shouldbe consulted.

pftware validation/verification documentation for thespecified equipment.

'here can be national and regional regulations relatingte software validation and security.

Huct definition

5 not common for a health care facility to be involved in the design and development

ledical device or reprocessing a single use medical device, however it is more likely tha
y will be faced with the choice of-purchasing commercialized products. In certain cirg
care facility can be involyed in the design and development of a new or modifi
vever the regulatory comrsequences of such activities should be carefully consider

circumstances arise the product family should be identified or established for the prototype i

and the red

Health car
in conjunc
of which a
containme

F.7.2 Th

juirements of this document followed.

b facilities are routinely involved in developing new instrument/device sets. This is uj
fion with a surgeon or surgical department. Development of new sets involves det
hd how many and where an instrument/device will be placed in the set, what type
ht devicétray will be used and the SBS that will be used.

Information on recommended safety features and safe work practices should be obtained and retained.
Certificates of conformity to local, national and regional regulations should be obtained and retained.

Information on the recommended routine monitoring procedures, including air leakage tests, should be

Information on the type of air detector, if fitted and its accuracy, and recommended calibration and

rvices and

ecification
supplier or
'mation on

ed trolleys

bf a new or
the health
umstances
bd medical
ed. If such
nstrument,

ually done
prmination
and size of

of the med

e réquirementin 7.2 can necessitate thatappropriate information be provided by the manufacturer

@wwwww

i dertaking

the sterilization process. This corresponds to the instructions for use provided for the sterilizer and medical
device. It is important that the organisation responsible for reprocessing the medical device ensures that
the product family into which the medical device has been allocated can be processed by the sterilization
cycles implemented in the sterilizer. See Annex G on assigning products to product families and load
configurations.

F.7.3

A health care facility will often combine several commercialized products into one pack. The product

family for this combination should be identified. In most cases the product family identified should align
with the product family for the medical device in the pack considered to be the most challenging to the
sterilization process. See Annex G.
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Sterile barrier systems are designed to ensure that the medical device remains sterile until opened

for use. Sterile barrier systems should allow penetration of the sterilizing agent and withstand the stresses
that occur during the sterilization process, remain secure and should not have a negative effect on the
quality of the medical device (e.g. generating particles). ISO/TS 16775 provides guidance on the ISO 11607
series for SBSs.

F.7.5 Theinstructions for cleaning and decontamination of the medical device prior to sterilization should
be assessed and followed. Health care facility operating instructions should describe how the medical device
can be cleaned and decontaminated following the instructions and the competency of staff following the
instructions should be established.

F.7.6  This is not normally applicable to health care facilities as it applies to contained product.

F.7.7 PC
challenge t
PCDs (e.g. 4
are intendd
to the sterf]

F.7.8 Me
process. TI
on usabilit
prior to re

F.79 Th
environme
recommen

F.710 Me
changes sy
delaminati
material rq¢
moist heat
stainless st
instructior

F.711 In
processing

Ds in healthcare settings are typically facility assembled or commercial tests designed
o a specific aspect(s) of the specific sterilization process (e.g. air removal and steam pq
n air detector or other independent monitoring device, biological indicator er‘Chemical
d to represent specific characteristics of the product family. The validity afthe PCD wh
lization process should be established and documented in the information supplied fo

dical device and SBSs manufacturers establish compatibility with\the recommended s
ne medical device and/or SBS instructions for use should be consulted for any applig

fommended maintenance).

b product should not be visibly wet and should*also be maintained in the rec
ntal conditions as specified for the product. Sterilé‘barrier systems should be maintai
ded environmental conditions prior to use.

dical devices (including rigid container 'systems) that are processed can suffer ac
ch as surface cracking caused by differential expansion through a thick material, brj
pn. Crevices and lumens can retain organic, chemical and biological contaminants tha
pactions or be unpredictably released during use. Many materials that are subject t
sterilization have a long history“of safe use, are known to be suitable and have lon
eel). Other materials, howeyer, can have limited lifespans. Reference should be made ta
S.

health care applicatiens, any residual moisture remaining on the device or packj
and cooling is unacceptable and considered a contaminated item. Corrosion of som¢

can occur iff steam generdted from water of low pH or if the water contains contaminates.

F.7.12 He
localand n
relevant gu
accompany

hlth care‘facilities should consider the development of operating policies and procedurd
htionaltegulatory requirements, standards, equipment and product instructions for us
idelines. Personnel should be trained and assessed on these procedures. The instructi

to create a
netration).
indicator),
bn exposed
" the PCD.

rerilization
able limits

y (e.g. maximum number of processing cycles for robotic instruments or rigid container systems

bmmended
ned within

rumulative
ttleness or
[ can cause
0 repeated
pevity (e.g.
the device

ging after
b materials

ks based on
e and other
ns for use

ing a medical device can be in conformity with ISO 17664-1. Regional or national gujdelines for

cleaning, disinfection and sterilization of such medical devices can apply. The following can be considered:

a)

The medical device and reusable SBSs instructions for use can be consulted for recommended methods

for cleaning and disinfection. The recommendations should be incorporated into policy and procedures.
Use of medical devices that are either difficult to clean or disassemble, or both, should be carefully

consid

b)

ered prior to purchase because only a cleaned device can be successfully sterilized.

The medical device or SBS instructions for use can be consulted for any requirements for special pre-

conditioning before exposure to the sterilization cycle. The recommendations should be incorporated
into policy and procedures. See E.6.1.1 d).
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Load configurations can be established according to product family assignments (see Annex G) and

validation results, particularly PQ test results (see F.9.4.3). The load configurations should be described
in the policy and procedures.

prior to releasing the item to use and again directly before opening the item for use.

Not no

e)

rmally applicable to health care facilities.

The integrity of the SBS, both before and after processing, should be confirmed by visual inspection

F.7.13 Processed, inventoried items should be maintained in controlled storage environments defined in
the policy and procedures.

F.8 Pro
F.8.1 No

F.8.2 As
for a steril
from proce

The hold
it is reco
Table A.2 fi

F.8.2.1 S
devices. A
standard s

A dissimild

and validat
that the siz

F.8.2.2 A

Cess definition
additional guidance.

terilization process used for processing in health care facilities is based .dn‘the recomy
ization temperature and holding time specified in national and regional guidance or
ss parameters specified for the sterilizer and/or the medical device!

iﬂg time and temperature combinations used in different countries and regions varie

mended but not prescribed that minimum time temperature combinations should b
b1 examples.

tandards have been developed for sterilizers suitable for processing a wide range
sterilization process that conforms to the performance requirements detailed in
hould be recommended for the medical device (5ee’ I1SO 17664-1).

r but existing sterilization process that haspreviously been defined by specified cycle {

ed to treat the product family to which the new medical device is assigned can be usec
e, design and construction material of the new medical device fits into the product fan

health care facility will oftén)combine several instruments into one pack. U

circumstances the facility should taketnto account the instructions for processing issued for

individual
is assigne
commercig
possible to
process ba

medical devices that make up the pack and the product families to which each med
. The health care facility should consider the recommendations of individual s
lized products for processing in relation to their existing sterilization process(es). It
use an existing stérilization process; however it can be necessary to develop a new s
sed on the instructions accompanying the medical device. Any deviation for thg

sterilizatign process sheuld be agreed with the medical device manufacturer or validated by a 1

person.

If the inten
previously|

ded sterilization process is neither recommended in the medical device instructions
defin€éd to treat the product family to which the new device fits, a detailed assessment

product in

nendations
developed

5 therefore
b used. See

of medical
a relevant

arameters
| providing
hily range.

hder these
bach of the
ical device
ippliers of
s typically
rerilization

proposed
esponsible

for use nor
of the new

refation to a similar product already defined to the intended sterilization process s

hould take

place.

F.8.3 Physical parameters and exposure restrictions identified for the medical device and the sterile
barrier should be observed for each medical device.

F.8.4 The SAL is generally an assumed value. The SAL of the process is either validated by the sterilizer
manufacturer or the medical device manufacturer, or both. The resulting cycle to achieve that SAL is

provided a

s a sterilization cycle.

F.8.5 Failure to follow the processing instructions can affect the performance of, and invalidate any
warranties related to, the medical device. Adverse changes taking place in the medical device and/or SBS
resulting from an inappropriate sterilization process can present a risk to patients and users.
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F.8.6 For many medical devices, air removal is a critical factor when predicting the presence of moist heat
in locations that are difficult to sterilize. Relevant tests and acceptance criteria for factors that can affect
steam penetration are identified in this document.

F.8.7 Biological indicators (see ISO 11138-1 and ISO 11138-3) can be used in health care facilities for
process definition and equipment qualification (see F.9) to confirm the lethality of the cycle to the stated
resistance of the biological indicator. The sterilizer and biological indicator instructions for use can be
consulted for information on placement in the chamber and load, number of biological indicators to be used,
incubation and interpretation of the biological indicator result. National and local compliance and regulatory

guidelines related to process definition and qualification requirements should be taken into account.

F.8.7.1

F.8.7.2 T

generally applicable to biological indicator use in health care setting.

Whenever
measured
has been a

F.8.8 Contained product is not commonly processed in health care-facilities with the e

pharmacy

F.89 Ad
to demonst

Chemical indicators show exposure by means of either physical or chemical changes, or both, and at

to react to
presence 0
verify the ¢

chemical indicator's endpoint should not be regarded as an indication of attainment of an acce

but rather
a sterilizat]

of a sterilif
[SO 15882

F.8.10 PC
and/or a g
product fal

F.8.11 Th
available.
identify th
cycle is re

sterilization_eycle

Guidance on the use and application of biological indicators is found in ISO 11138-7.

he use of inoculated product or the placement of inoculated carriers within medicalide

biological indicators are used to confirm lethality in prescribed locations, thephysical
Huring the sterilization cycle should always be used to verify that the defined sterilizat
Chieved.

hpplications. See H.6.4.

hemical indicator (see ISO 11140-1) can be used as an:element in sterilization proces;
rate the attainment of process parameters in the lo¢ation in which it is placed.

one or more parameters of the sterilization process such as time of exposure, tempe
f moisture. The instructions for use accompéanying the chemical indicator should be c
xposure conditions that can cause the chemical indicator to reach its endpoint. Attain]

one of many factors which should lse*taken into consideration when judging the acce
ion process. Failure of a chemical indicator to reach its endpoint should be regarded 4
ation process failure and be,investigated. Guidance on the use of chemical indicators

Ds can be either facility-assembled or commercially provided and contain a biologicg
hemical indicator,@nd are designed to mimic specific resistance attributes of the
mily (e.g. a definéd)challenge representing the reference load to be processed).

b instructions for use for the sterilizer can be consulted for information on the sterilizg

b sterilization process required for the medical device or product family. If a specific s
uired, B.4 provides guidance on applying the half cycle method to develop or valig

vices is not

arameters
on process

ception of

definition

edesigned
rature, and
bnsulted to
ment of the
ptable SAL
ptability of
s evidence
is found in

| indicator
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F.8.12 Processed items should be dry and cool prior to handling. The medical device and SBS instructions
for use can be consulted for recommended drying times. The effectiveness of the drying stage for the range
of product families expected to be processed can be assessed and established as part of process definition.
Different drying times can be necessary for different product families. In saturated steam sterilization
processes, some loads (e.g. those containing heavy metal devices) can require an extended drying stage of the
operating cycle to ensure that residual moisture is reduced to a level which will not affect the performance
of the SBS upon removal from the sterilizer.

Policy should be established for sterile items to be maintained in controlled, sterile storage area(s) until use.
F.8.13 No additional guidance.
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F.9 Validation

F9.1 General

F9.1.1 Validation consists of IQ, in which the sterilizer and its installed services are checked against its
specification, operational qualification (functional qualification), in which the sterilizer and sterilization
process is tested for basic performance, often using predefined test loads (see Annex C for some examples)
and performance qualification in which the sterilizer and sterilization process is tested for the ability to
successfully process the medical devices and product families presented to it for sterilization. An established
plan for the validation policy and procedures should include the scope of the validation and areas of
responsibility for the key personnel involved. The purpose is to establish that the process developed in
process definition (see Clause 8 and F.8) can be delivered effectively and reproducibly to the load. It provides

evidence that the load is not compromised in terms of its safety, quality and performance.

Moist heat|sterilization is a thermal process and the validation testing is primarily performed with physical
methods. However, during routine monitoring and requalification it can be appropriate tp.also us¢ biological
indicators pnd integrating chemical indicators.

F9.1.2 Acomplete master validation plan can be written and approved prior tesinstallation of thg sterilizer.
Either the [sterilizer manufacturer or authorized person, or both, can be consulted for the development of
this plan. The plan can include IQ, 0Q and PQ procedures and specifies the‘required documentation. The
plan can ifjclude a formal review and approval of the validation results prior to release of the sterilizer for
productiorn]. The plan can be reviewed annually and when changes are¢ made that can trigger the need for
requalificaftion (see F.12.4).

F.9.1.3 No additional guidance.

F9.1.4 Anew product family can require either 0Q or~PQ, or both, as determined by the produ¢t adoption
assessment.

F9.1.5 Test instruments used to calibrate oi-verify each measurement chain should have dpcumented
evidence df calibration (e.g. a valid calibratioh certificate) to a known standard and be verffied using
a calibration reference to a working standard. One example is use of an oil bath or dry heat cglibrator of
known staple temperature traceable to‘a.temperature reference standard.

F.9.1.6 No additional guidance.

F.9.1.7 No additional guidance.

F9.1.8 Tests on each equipment fault recognition and alert system can verify that the e(3|uipment is
working properly aecording to the original specification. Fault testing can be incorporated into any stage of
validation procedures.

F9.19 nei prndnr‘f F:\mi]y can require either 0Q or PQ or both as determined hy the prndn 't adoption
assessment.

F.9.2 Installation qualification (I1Q)

F9.2.1

Installation qualification is necessary whenever a new sterilizing facility is to be commissioned

or when an existing sterilizer is replaced or relocated. Installation qualification demonstrates that the
sterilizer conforms with the agreed specification including conformity of the equipment, services and
site requirements. The equipment specification provided with the sterilizer can contain the required
information.
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F.9.2.2 All site conditions should correspond and be verified to the specifications including electricity,
compressed air, steam quality, room air exchanges, temperature and relative humidity ranges as defined in
the procedure. Site planning and installation requirements are commonly defined and established for the

sterilizer a

nd documentation provided to the health care facility (see also F.6.5.3).

1Q checks and documentation includes:

a)
b)

equipment manufacturer, model, serial number and installation location;

calibration certificates for controlling, and registering sensors including software version and software

validation certificates if indicating sensors are used to verify processes effectiveness, their calibration
certificates should also be documented;
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perational qualification plan

The 0Q plan includes pracedures and documentation to demonstrate that the steriliz
o equipment predetermined limits to deliver the specified process / operating cycle(s)
rances. This includes(proof that the quality of each utility service conforms with the sp
evidence of interference from or to other equipment, the sound or noise generated does
national safety~-requirements, the safety features and warning schemes function as de
leakage in the.system (see A.9.3).

hg sterilization process is to be used to treat either a new medical device or loading cor
nformity to the performance requirements established during the original or subg
verified before PQ is conducted. This may be done by analysing data obtained dur
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or manual including failure code identifications; local language versions can be available.
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Whenever new equipment is installed, existing equipment is modified to deliver a new sterilization process,
or a service is changed, the sterilizer manufacturer, or the party having responsibility for the sterilization
process, establishes the operational performance requirements and tests that are to be used to verify the
efficiency of the sterilization process are valid. Modifications to the sterilization process that can affect this

efficiency i

nclude, for example, changes to process parameters.
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Operational qualification tests

Operational performance requirements and tests can be needed to establish that the following conditions are
met (these can be predicted from the characteristics of the operating cycle but should also be established):

a) That effective air dilution is obtained during the sterilization cycle. This can be predicted from the
operating cycle; reproducibility will be affected by air leakage into the chamber, NCG in the steam, the
rate of change of temperature in the chamber and load and the mass of the load (see Reference [56]).

b) Thatcontaminantsare notdeposited on the medical device. This can be predicted from the contaminants
suspended in the steam (and the characteristics of the SBS in use).

c¢) That steam penetratlon occurs into those parts of the medical device from which air is difficult to
removes : - wvice to the
temperature measured at the reference measurement pomt the reference device should offer a
similar challenge to the medical device(s) it represents, and the method should be verified Hy chemical
indicators or biological indicators positioned in the reference device and/or medical device.

d) Thatthe process dries the load of wrapped goods. This can be determined by botlrvisual inspection and
mass increase. Failure to adequately dry a load after the sterilization phase can lead to reconfamination
once removed from the sterilizer. Any evidence of wetness or staining sheuld be considgred a non-
conforjmance and an investigation initiated. The load should be reprocessed.

F9.3.1.3 |Documentation checks and assessment of test results

After instdllation and prior to OQ the sterilizer-related documentation such as specifications, Jervice and

routine / scheduled equipment maintenance documentation, calibrations, certificates and other$ should be

checked fof being complete, valid, up to date if not performed.-inimediately after IQ procedure.

Document¢d OQ test results and supporting documentatjoninclude:

a) resultg of tests in a chamber loaded with the typé of specified loads including temperature profiles;
NOTE1 Empty chamber studies can also be.considered.

b) resultg of heating exposure and cooling profiles in an empty chamber;

c) identiflication of any cold spots in the chamber from thermometric test results;

d) result§ of alarm tests including verification that they are functional and working according to the
sterilizer specification;

e) result pfair leakage tests;

f) resultg of any steama quality tests;

g) resultg of steami\penetration tests;

h) resulty from PCDs which can contain physical sensors, biological indicators or chemical [indicators,
when Used;

i) results from air detectors, if used;

j) results of load dryness tests, if used.

NOTE2 The documentation of b) and c) can be omitted if the sterilizer has been type tested according to an

appropriate standard(s), e.g. EN 285.
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F.9.3.2 The number of sensors used should ensure that sufficient data are recorded to demonstrate the
effectiveness of the process during 0Q. Experience has shown that for a typical health care facility load and
chamber volume (~ 4001), 5 to 12 temperature sensors may be sufficient. See Table F.1

Table F.1 — Suggested minimum number of temperature sensors required

Chamber 0Q PQ
volume (L)
<60 5 5
>61 Not less than 5 Not less than 5

For sterilization in health care facilities other rationale may be used to establish the number of sensors

required.
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The PQ is completed with traceable calibrated equipment. It is advisable to seek assistance of internal or
external technical expertise with knowledge and experience with moist heat sterilization. The person
responsible for the validation processes provides the end user with a basis for ensuring that the products
are suitable for their purpose when used on a patient.

PQ procedures include establishing packaging materials, packaging techniques, labelling, traceability,
transport, storage and handling. Performance qualification by itself does not ensure a consistent process.
Routine monitoring is used to verify the process is used within the validation specification. Results of PQ

can also pr

F9.4.2 S

ovide additional valuable criteria for product release (see F.11).

ee F.8.4.
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F9.4.3 See F.9.3.2 for information on sensors.

When biological indicators are used, they can establish evidence of lethality and satisfactory steam quality
to achieve lethality at specific positions in the chamber or load. When chemical indicators are used, they
establish evidence that conditions for sterilization were met at specific positions within the load. The
sterilizer, chemical indicator and biological indicator instructions for use can be consulted for information
on how to correctly use the indicators.

When biological indicators or chemical indicators are used, either with or without a PCD, the results should
be documented and retained.

F.9.4.4 Checks on the results of PQ and associated documentation includes:

a)

b)
)

d)

f)

a revigw of the results of IQ and 0Q, which along with PQ results will be included in the fina] validation
report

a specification for all SBSs used and alignment to product family and load configuratiors;

documented identification of representative and product, product family(ies), loads| and load
confighirations presenting the greatest challenge intended to be used during routine productjion;

NOTE1 Load configuration can include the types and number of items, loading pattern, orientatipn, location,
SBSs infuse.

no additional guidance;
specifications of any special pre-conditioning requirements related to product or SBS [see F.9.4.4 b)];

NOTEZ Some medical devices need pre-treatment such as equilibration to atmospheric or other specific
temperjature and humidity.

specification of any restrictions to load size or configuration based on IQ or OQ results.

NOTE 3  Kach sterilization cycle available on the stetilizer is validated separately. For example, when|an acute or
immediate yise process for single unpackaged instruments is available on the sterilizer, it is validated sepatately as the

cycle typically does not include a pre- or post-vacutn phase.

NOTE 4 If moisture remains on a medical device, specific orientation and/or location can be necessary.

F.9.4.5 PQ testsinclude the following:

a)

b)

Tests tp demonstrate thatliiniting values for each process variable is delivered and meets the ¢stablished
process definition, a cahstant level of pressure and temperature is obtained during the holdjng time or
the process parameters fall within predetermined tolerances.

NOTE Holding time is the time at which all sensors show that they (i.e. those within the load chamber and
reference measuirement point) have reached the sterilization temperature.

A dempnstration that the steam has a temperature within the temperature tolerances specified for the
sterilization cycle and that the theoretical temperature calculated from measured pressure according
to steam tables (see Annex E) is within specified values. The temperature and pressure in the chamber
should be within the specified tolerance to maintain the condition of the product and SBS.

Assessment of the temperature profile throughout load; heat penetration into each type of load is
determined either from the temperature measured within a number of medical device packages or in a
reference load. At least one temperature sensor should be situated adjacent to the temperature sensors
connected to the recording instrument, indicating instrument and controller. If a sensor or indicator
cannot be located at a position on a medical device known to be difficult to sterilize, the medical device
may be substituted by a different type of medical device or PCD dedicated for this purpose. The number
and the locations of the sensors to be used will depend on the type of load and the size of the chamber.
The sensors placed within the load should be located on or within those parts of the load configuration
and its individual items from which air is difficult to remove. Caution should be exercised when

© IS0 2024 - All rights reserved

108


https://standardsiso.com/api/?name=8a687bdb15c7440f53677c7fa79416c1

d)

ISO 17665:2024(en)

interpreting thermometric data from within hollow or porous medical devices capable of entrapping
air. Temperature measurement alone cannot differentiate between hot air and saturated steam. The
presence of saturated steam can be confirmed from the evaluation of the results from biological
indicators or chemical indicators, if used.

NOTE In most cases the holding time is the part of the operating cycle used to establish lethality.

The response of the chemical indicator. The chemical indicator instructions for use and colour change
reference examples should be referred to for the interpretation of the end point indication.

e) The response of the indicator inside a PCD instruction for use for interpretation of the result. Local
or national recommended practices can contain requirements that apply to use of PCDs. If a biological
indicator is used in the PCD, a positive control should be incubated according to the instructions for use.

f) Assesgment of the SBS/product used for compatibility to the process and integrity post proeg¢ssing.

F.9.4.6 No additional guidance.

F.9.4.7 No additional guidance.
F.9.4.8 No additional guidance.

F.9.4.9 No additional guidance

F9.5 Reyview and approval of the validation

F9.5.1 The data and final validation report should be reviéwed, approved and signed by a fesponsible
person, organizationally independent of those conducting-the tests, preparing the report or fesponsible
for production and knowledgeable in sterilization science and practices. It should also be revyiewed and
approved by the health care facility management. The,completed validation report review verifigs that:

F.9.5.2 The reporfcan include:

a)
b)

)

d)
e)

f)

there is a specification for each test used duging OQ and PQ, and that acceptance criteria for egch test has
been met;

the tedts are conducted routinely toverify that the efficiency of the sterilization process remains within
specification, and that each test,and its performance requirements have been derived from data gained
during 0Q, PQ and requalificatior’if necessary;

the product family(ies) represented is one of the most challenging loads for sterilization; if ajrestriction
on prepentation and/orlocation has been identified, this restriction is reflected in the description of the
load configuration.

no addlitional guidance;

no ad iHional anidanca:

IOt g uraaiice;

the product family(ies) represented by one of the most challenging loads for sterilization has been
identified; the products and load configurations are defined;

the load configurations including any limits to load size or weight including total surface area;

any pre-conditioning requirements for the loads prior to processing in the sterilization cycle. After the
sterilization cycle the products, including their SBS, are dry and intact at the completion of the process;

a description of all validated SBSs, e.g. wraps, pouches, rigid container systems. Each should have been
tested with reference to the most challenging loads;
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reflected in the description of the load configuration;

h)

biological and/or chemical indicators (when used);

i)
j)

no additional guidance;

bioburden tests are not routinely carried out in health care facilities.

if a restriction on presentation and/or location (e.g. orientation) has been identified, this restriction is

results from all tests including steam penetration, leak test, steam quality and appropriately responding

The reports can also include national guidance requirements and any additional product release criteria
established during PQ.

F.10 Routine monitoring and control

F.10.1 Ro
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includes p

and/or biological indicators placed in the locations that are difficult for the'sterilizing agent to
and any other tests used.

F.10.1.2 No additional guidance.
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| therefore
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F.10.4 Evaluation of additional data for saturated steam sterilization processes

The cycle parameters should be examined to confirm that the intended sterilization cycle was selected and
successfully carried out. Key information to assess includes the correct air removal process (gravity or
dynamic air removal; the number of air removal pulses including pressure set points), the sterilization stage
temperature and holding time, the vacuum level attained and time of the drying stage. The results of air
leakage tests and the daily Bowie and Dick type test should be considered for pre-vacuum cycles.

The daily steam penetration test such as a Bowie and Dick type for dynamic air removal sterilizers will
judge the effect that residual air and NCG has on the efficiency of the sterilization cycle and is typically used
in an otherwise empty chamber.
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If the Bowie and Dick test is used, the user should verify if the Bowie and Dick test should be run in a specific
validated cycle for its purpose.

NOTE1 An extended conditioning phase will prevent the Bowie and Dick test from detecting residual air and NCG.
The steam penetration test is designed to assess the ability of the sterilization cycle to effect air removal and rapid and
even steam penetration into the load. Use of special test cycles such as one in which the air removal stage is different
to that which will be employed in the production cycle can give erroneous results, i.e. the special test cycle provides an
acceptable result, but the sterilization cycle is inadequate.

Routine monitoring activities include, when appropriate:

a) areview of the time at or above the sterilization temperature as noted on physical parameter data or
printed charts;

b) arevidw of the cycle record to confirm that the correct cycle was run and that the process parameters
were correct;

¢) no additional guidance;

d) confirmation that all air removal or steam penetration tests (when used), including chemical indicators
and/oy biological indicators, including those contained in a PCD, indicate a pass-result;

NOTEZ  Other types of steam penetration tests can be used. Refer to applicableinstructions for usg.
e) no additional guidance;

f) assessment that the load has sufficiently cooled, that all the packages are undamaged, dry, correctly
labelled and that the process chemical indicators (if used) on.each pack have reached their end point
resporise.

A periodic|review of records should be carried out to ehsure the equipment calibration and [equipment
maintenanice requirements have been completed according to policies and procedures and the [sterilizer’s
instructiors for use.

F.10.5 Not typically applicable to health care ptocesses.

F.10.6 Log¢al, national and facility guidelines for record retention policy, regulation and timefragme should
be taken irfto consideration.

F.11 Product release from sterilization

Product rglease procedurésjand acceptance criteria for test results can be defined. Some examples can
include:

a) the stdrilizer’s physical parameters indicate acceptable results;

b) resulty froma daily Bowie and Dick type air removal test are satisfactory;

C) blolog ca¥indicators contained within 2 PCD do not shows grnuri—h when inr‘nhnfnd;

d) other steam penetration tests show a satisfactory result;
e) when inspected, SBSs are dry and intact.

Product release can only occur after the defined product release verification procedures have been
successfully performed.

Product release documentation needs to include confirmation that the sterilization process acceptance
criteria were met and that traceability of individual loads is possible (e.g. by attachment of batch numbers
to individual packages). Procedures should describe the release criteria including the requirement that
sterilizer printouts are verified and approved and that chemical indicator and biological indicator results
are documented.
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A sterilization process that fails to meet any of the acceptance criteria (see examples above) for product
release, should result in quarantine of the load and removal of the sterilizer from use until the cause of
the failure is identified, corrective action taken, and any identified requalification has been appropriately
completed (e.g. conducting an air leakage flow rate test). The investigation can result in a decision to recall
already released load(s)/ products up to the date when the last successful process was carried out.

F.11.1 The policies and procedures of the health care facility and national and local regulatory requirements
should be taken into consideration when preparing documentation relating to the sterilization process and
the load contents. Traceability of the load contents to the point of use including to the patient if specified per
the policy and procedures of the health care facility and regulatory requirements should be maintained. A
recall procedure should be established., in the event that a sterilization process is subsequently deemed to
be inadequate based on monitoring results or procedural review.
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nge to the steam supply system and other services;

mity to the performance requirements for routine processinghas been met for recent

e markings or labelling on each pack or product/ medical device should enable:
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ication of the pack contents;
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n existing sterilization process is to be used to treat either a new medical device
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e sterilizer
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production
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hed to the

or loading
priginal or

subsequen

060 should he verified before PQ is carried out. This may be done by reference to da

a obtained

during routine processing and/or periodic tests or by a repeat of 0Q.

Whenever new equipment is installed, existing equipment is modified to deliver a new sterilization cycle,
or a service is changed, the sterilizer manufacturer, or the party having responsibility for the sterilization
process, should assess the need for the repetition of operational and/or PQ studies. Modifications to the
sterilization process that can affect efficacy include for example changes to process parameters.

F.12.2 Demonstration of continued effectiveness

F.12.2.1 No additional guidance.
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F.12.2.2 The health care facility’s policies should describe recommended tests, sensor calibration schedules,
equipment maintenance schedule and tasks, including required parts replacement and requalification tests
(see F.12.5, Table F.2).

F.12.2.3 No additional guidance.

F.12.2.4 The steam penetration test is designed to assess the ability of the production process to effect air
removal and rapid and even steam penetration into the PCD. The success of a steam sterilization process
depends on the combination of the sterilizer, process, load, load configuration and SBS. If the sterilization
process relies on the removal of air from the chamber and load in order to achieve rapid and even penetration
of steam into the load, a PCD should be used in every production cycle of the sterilizer [see 10.4 d)] to
establish the adequacy of air removal and steam penetration. The PCD should be proven to have a known
relationship to the load with regard to air removal and steam penetration.

F.12.2.5 No additional guidance.

F.12.2.6 Not typically applicable to health care facilities.

F.12.3 Recalibration

Calibration
provided
health carg

and recalibration of the sterilizer sensors should be conducted according to the recomrhendations
vith the sterilizer and advice provided by professional sef¥ice support as documented in the
facility policy and procedures.
Procedure indication
or recordiy

5 can require verification of calibration of each sensorand its associated measuring ang
1g equipment (the measuring chain). Calibration sheuld be carried out:

at spegified intervals, typically annually;

— after unscheduled equipment maintenance or repdir of the sensor and/or associated equipment;

if therq

P is evidence of inaccuracy of the sensoror associated equipment.

F.12.4 Eqphipment maintenance

Equipment
user becau
gas, moist
assessed f
corrective

F12.4.1 P
provided
maintenan

maintenance or changes to,a'service, such as a central steam generator, should be not]
se, for example, changes to the water treatment to a boiler can cause the level of non-c
ire and/or chemical(contaminants to exceed the specified maximum. Such changeg
br their impact on‘creating a non-conformity with the process specification and if
action taken and-documented.

olicy and_procedure should be established for equipment maintenance. The recomy
vith the\sterilizer and professional service support should be consulted. All
ce should only be performed by trained and qualified service personnel.

ified to the
bndensable
should be
necessary,

nendations
equipment

F.12.4.2

3 3. 1 1
U dUUILIUIIAT gUIUdIILtT,

F.12.4.3 No additional guidance.

F.12.5 Requalification

F.12.5.1 Requalification should be completed at frequencies provided with the sterilizer information and
professional service support and is performed to confirm that process changes have not compromised the
effectiveness of the sterilization process and the data acquired during validation remains valid. Typically,
requalification is performed annually or according to local or national standards and health care facility
policies and procedures.
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F.12.5.2 An example is provided in Table F.3 of a test schedule for validation and periodic test for large
steam sterilizers. Operational requalification may repeat some or all of the OQ tests based on a change that
can impact process and reproducibility.

Performance requalification is a repeat of a PQ study for at least one of the loads routinely processed and
for which PQ records are available. If the values established are within the same limits as in the original
validation study or in the preceding requalification study, reproducibility should be deemed to be acceptable.

Operational requalification is performed after any major repairs. See F.12.5 and Table F.2.

Performance requalification is performed due to changes that can include materials, packaging, etc. which
potentially or is suspected to have affected the necessary sterilization parameters.

To facilitate - : ard-pe ifieati - esented in
the same format as used in the PQ report.

It can be spfficient to analyse only a reduced number of sterilization cycles of the procéss prodluct family
and/or load configurations if no changes have been made since the last PQ. Reproducibility mjay be able
to be assedsed by comparison of the repeat cycles with previous process records. However, in the event of
deviations|from previous validation, the full PQ should be repeated and documented:

Repeat PQ [demonstrates and documents the following:
a) the products are loaded into the sterilizer as defined;
b) the stdrilization conditions are achieved throughout the load;

c¢) the mgasurements from the sterilizer’s physical parameter tecording and the physical medsurements
taken nsing independent recording systems is aligned;

d) the pagkaging, the load carrier, and the products are intact and dry;

e) the planned maintenance and personnel training program have been implemented and dpcumented
throughout the year;

f) incoming steam is of satisfactory quality dnd water treatment meets specification;

g) the prpducts and loads sterilized ,conform with previous documentation and results of ¢stablished
routing monitoring including biolegical indicator and chemical indicator results if used in previous
qualification or routine monitering.

F.12.5.3 The effect of equipment maintenance activities on the process should be evaluated. Alsuccessful
repair shoulld be confirmed’by requalification.

F.12.5.4 No additionalguidance.

F.12.6 Assessment of change

F.12.6.1 Any change to the sterilization process should raise doubt about the eiiectiveness of the
sterilization process and initiate a review by a suitably qualified sterilization professional with knowledge
of the equipment in operation, quality of the steam provided and practical knowledge of the departmental
processes and procedures. Consultation with a quality control department representative and an infection
prevention professional is also advisable.

If biological indicators are used during requalification, their performance should present a similar
challenge to those used during operational and PQ. Use of biological indicators which have a significantly
different microbial population or D value can result in a challenge which is greater or less than that used
during validation. If a biological indicator is used during requalification which has significantly different
characteristics, then this should be justified and documented. ISO 11138-3 identifies minimum requirements
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for population count and D value but does not specify maxima, however the information accompanying the
biological indicator will specify these values.

NOTE With the approach shown in B.4, the sterilization time varies depending on the D value and the number of
the biological indicator used. Therefore, it is necessary to pay attention to the selection of biological indicators when
conducting microbiological requalification.

Requalification frequency period may be reduced depending on inconsistency factors that affect sterilization
performance. These factors can be analysed based on the assessment of changes (see 12.5). Table F.2
provides some examples with common recommended actions.

F.12.6.2 No guidance offered.
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Table F.2 — Assessment of change examples

. Requalification

Assessment of change examples and suggested actions 00 PQ
a) Replacement of a part which could cause a process parameter to change;

1) Temperature sensor replacement - calibrated after substitution (required) N/A N/A

2) Replacement or repairs of solenoid valves and actuators X X

3) Major replacement of solenoid valves or actuators X Xa
b) Replacement of a part which could cause an increase in leakage into the chamber;

1) Door gasket X N/A

2) Replacement or repair of solenoid valves or actuators X X
c¢) Variatiion of homogeneity in the chamber;

1) Ihcrease in thg difference betweer} maximum.a.nd rpinimum temperatures during X xa

gxposure (maximum Tolerance equipment specification or 0Q/PQ records)
2) K egigt_ered pressure ma'ximum and minimum during expgs:ure_above or below previpus X xa
dualified records (maximum Tolerance equipment specification or 0Q/PQ records)

3) Non-condensable gases (NCGs)Mixture tolerance changes in the process X Xa
d) New or modified software and/or hardware;

1) SYoftware update X Xa

2)  (ontroller (partial or total) replacement X X
e) Any change to a process parameter;

1) Hxposure temperature and/or duration time increase X X

2) Drying phase duration increase or decrease X

3) donditioning phase pulse quantities and/or levels X
f)  Any change to services and the outcome of equipment@aintenance on a service;

1)  (alibration error above previous calibrated certificate X Xa

2) Steam generator replacement (if fitted) X Xa

3) Sequential wet loads occurrence X Xa
g) Any change of the SBS or procedures used;

1)  Same sterile barrier but from different supplier X

2) Heplacement of sterile barrfertypes X

3) Addition of new sterile barrier X
h)  Any change of load configuration;

1) Ihcrease maximumload limit X

2) New cartsuppgrts or shelves X

3) New contentlocation X
i)  Any change'of;product manufacturing processes, product materials or source of materials

or desjgn of product.

1) dditiomrofarew medicatdevicetobesteritized X

2) Material changes in the medical device, product supports and boxes X

a

If the requalification is within previous qualification results and tolerance this step in not required.
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Table F.3 — Routine monitoring and control of sterilizing equipment in a health care facility

Application Saturated steam sterilization pro- |Reference
cess

Steam penetration test for every Can be performed on every load 10.4 d), e)

operating cycle

Periodic steam penetration test (e.g. |Can be performed every day 10.2 d)

Bowie and Dick test)

Temperature Measured for every load 10.4b), ¢)

Pressure Measured for every load 10.4b), ¢)

Time Measured for every load 10.4 a)

Air leakag flow rate test Measured at cpnPiFinﬂ intervalgs 102 a)

Product pagkage integrity Each load, item can be inspected 10.4f)

Process exposure indicator, system |Used on each load item 11.3

for control pnd identification of pro-
cessed andjunprocessed loads/items
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Annex G
(informative)

Guidance on the designation of a medical device to a product family

and processing category for sterilization by moist heat

G.1 Classification

G.1.1 Ge|

G.1.1.1 T

(e.g. perfot
processing
of a medicz:
The guidar

G.1.1.2 E
attributes.

The applid
packaging

G.1.2 Atf

G121 G

It is knowr]

sterilizatign by moist heat.

The proces
in the pres
of moistur
attainment
removal, sf

The steam

by moist hieat. Thé.thermal resistance to heating will also be different for each design when a

temperatu

neral

med by a manufacturer of a medical device delivered sterile) or forhsterilization a
process (e.g. performed in a health care facility) as well as for demionstration of the
1l device for sterilization intended for processing (as specified by.the scope of ISO 176
ce given in this Annex relates only to sterilization by moist heat:

ach medical device intended for moist heat sterilization/should be classified usiy

able classification criteria relate to the medical-device itself and to the applied §
Kystem including applied label(s).

ributes

eneral

that at least the attributes shown'in G.1.2.1 to G.1.2.6 will significantly influence the

s variables for a moist heat sterilization process are exposure time at a specified td

e on surfaces which-need to be sterilized. Thermal resistance to heating will inf
of the temperatureTequired to achieve sterilizing conditions assuming moisture is g
eam penetratioh-and thermal resistance are factors which should be considered.

penetration resistance will be different for each design when air is to be removed ar

e is\pequired on surfaces to be sterilized. The following aspects are relevant fd

sterilizatioln by'moist heat:

his Annex describes fundamental principles of classification of medical [déVices intended for
sterilizatign by moist heat into product families. These principles are applicable for{industrial s

Ferilization
s part of a
suitability
b4-1:2021).

g selected

BS and/or

putcome of

mperature

ence of moisture. The degree of air removal and steam penetration will influence the presence

luence the
resent. Air

d replaced
sterilizing
r effective

enabling air removal and moist heat access without significant delay;

and into cavities which need to be sterilized;

sufficient temperature on inner surfaces in order to avoid excessive condensation;
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— the presence of narrow channels or cavities surrounded by material of low thermal conductivity which
can allow condensate build up thereby retarding thermal penetration.

Dependent upon the applied operating cycle (see Annex D) some of the listed attributes (e.g. mass) can be
more relevant than others. This can be the case when considering the differences between passive and
active or dynamic air removal saturated steam sterilization processes. Specific medical devices can require
consideration of additional or alternative attributes. The attributes described in G.1.2.1 to G.1.2.6 are not
listed in any particular order of effect on the ability of a medical device to be sterilized by moist heat and
each is judged for its challenge to sterilization when creating product families.

G.1.2.2 Design of the medical device

The design will influence the access and the removal of moist heat, e.g. the steam penetration resistance
will be different for each design when air is to be removed and replaced by moist heat. Thefpllowing in
combinatign with aspects of weight/density (see G.1.2.4), material (see G.1.2.5) and surface.tredtment (see
G.1.2.6) shpuld be considered when assessing the medical device design:
— some geometric aspects will prevent or hinder access and removal of moist heat;
— some geometric aspects will prevent or hinder replacement of air by steam;
— some geometric aspects will increase the risk of condensation and therefore retardation of 4ir removal
and / ¢r thermal penetration.
Along with| other aspects, the attributes in Table G.1 can be considered:
Table G.1 — Attributes of medical device design — Examples
Degign attribute More critical |Less critical
Cavjities and channels | The published literature is contradictory. PQ should always be consider¢d
within instruments for any instrument havinga@ cavity or channel whether open or closed
including open ended ended. All factors associated with cavities and channels are evaluated
cylindrical cavities, including material type, wall thickness, length.
cloged (blind) ended See G.4 for furtherjinformation.
cylindrical cavities.
Complex cavities
Cock / tap / spigot — wider'overlapping — smaller overlapping
— (higher pressure resistance — lower pressure resistance
— specificposition forsterilization
joinlts — wider overlapping — smaller overlapping
— washer between — no washer
ball bearings — greater volume inside/ — smaller volume inside/
smaller access area greater access area
— ball tightens the volume inside|— ball does not tighten the VOllllme
dul ills DtCl lllLCltlUll illD;dC dul ills thl lllLCltlUll
gaskets — wider overlapping — smaller overlapping
— Dbetter tightening — looser tightening
— no movement possible during|— movement possible during
sterilization sterilization

NOTE

can be considered for assessment of the geometric design (see References [72] and [73]).
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G.1.2.3 Design of packaging

The packaging design influences the access and the removal of moist heat. For example, the steam
penetration resistance will be different for each design when air is to be removed and replaced by steam.
The following, in combination with aspects of weight/density (see G.1.2.4) and material (see G.1.2.5) as
well as some aspects of surface treatment (see G.1.2.6), should be considered when assessing the packaging
design:

— some aspects will prevent or hinder access and removal of moist heat;
— some aspects will prevent or hinder replacement of air by steam.

NOTE Instructions for specific procedures (e.g. open position, specific orientation) can assist sterilization.

Rigid steri}ization containers will add additional complexity when assigning product families depending on
their desigh, for example whether they use single use or reusable filters or valve-based systemst¢ enable air
removal arld steam entry. The size of air removal and steam entry ports should be considered(see Table G.2),
but cannot{be the sole arbiter when assigning to a product family. Users cannot migrate‘to a rigi¢l container
SBS from flexible SBSs without a reassessment of product family assignments.

Along with other aspects, the attributes in Table G.2 can be considered.

Table G.2 — Attributes of packaging design — Examples

Attribute More critical Less critical
Porpsity — lower =< higher
Shalre of porous packag- |— greater volume/ — smaller volume/
ingpart smaller access area (perous greater access area (porous
packaging part)? packaging part)?d
— greater label on the porous part|— smallerlabel on the porous part
of the packaging of the packaging
Type of porous packag- |— high weighted*(g/m?2) paper or|— low weighted (g/m?) paper
ingpart non-woven fabric
— thinner packaging nonwdven
— thicker nonwoven fabric fabric
— stefilization container with less/|— sterilization container with
small openings more/large openings
Additional inner protec- | = .with inner protective packaging |— without inner protective
tivg packaging packaging
< lower porosity
— higher porosity
Outfer protective' pack- |— with outer protective packaging |— without outer  protecfive
aging packaging
— lower porosity
— higher porosity

a  |lwrsome regions this is termed the vent-to-volume ratio.

G.1.2.4 Weight/density

The weight of a medical device, or part of a medical device (if sterilized separately), or for a collection of
medical devices grouped into a single SBS and/or packaging system, can have significant influence on the
amount of condensate and its effect on steam penetration and thermal penetration (and by consequence the
extent of the required time for heat-up, exposure and/or cooling/drying).

NOTE1 Comparison of the parameter weight is only permitted if the medical devices are made out of the same
material or made out of materials having comparable heat capacity and heat transfer coefficient.
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NOTE 2  The higher the mass of the device(s) to be sterilized, the higher the amount of condensate and hence the
amount of NCGs in the close vicinity of the device(s). The NCGs can form an insulating layer inhibiting further direct
condensation on the outer or inner surface(s) of the device(s) and hence a lower than necessary amount of energy
released through condensation for effective heating and inactivation of microorganisms. Considerations regarding
this effect are advisable.

Along with other aspects, the attributes in Table G.3 can be considered.

Table G.3 — Influence of weight — Examples

Attribute More critical Less critical

Weight of a medical greater lower
device

Th}thermal mass sur- greater lower

roupding a cavity in a

medlical device

The thermal conductiv- lower greater
ity $urrounding a cavity
in almedical device

Weijght of the complete greater Jower
stetfilization container
Weight of the load greater lower

G.1.2.5 Material

Materials yith low thermal conductivity exhibit higher temperature differences throughout the material
when comjpared to materials with high thermal conductivityyBoth types of material present challenges to
the steriliZation process. The moisture content of the material can also influence the heat transfer into the
medical deyvice. This should be taken into account duringtPQ with the material in its most challe:Eing state.

When compared to materials with low thermal conductivity, materials with high thermal condulctivity and

equal heat|capacity do the following:

— initially generate more condensate in a-givén time period;
— absorH and release energy faster;

— attain p state of equilibrium faster.

Along with other aspects, theattributes in Table G.4 can be considered.

Table G.4 — Influence of material — Examples

Attribute More critical Less critical

Thgrmal coniductivity |— lower (e.g. plastic material) — greater (e.g. metals)
Isolation.properties — greater (e.g. metals) — lower (e.g. plastic material)
Materialthickness areater lower

Material porosity — lower — greater

G.1.2.6 Surface treatment

The type and amount of an applied surface treatment can have an influence on the heat transfer to the
medical device and/or moist heat access to the medical device surface.

Along with other aspects, the attributes in Table G.5 can be considered.
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Table G.5 — Influence of surface treatment — Examples

Attribute More critical Less critical

Lubrication — with — without

Type of lubrication — silicone oil — paraffinic white oil
— grease

Amount of lubrication |— greater — lower

Typ

e of coating plastic material inorganic, carbon

Thickness of coating

greater lower

NOTE

The aspects type and thickness of coating can apply to porous packaging materials as well.

G.2 Clas
In practice
NOTE )i
delivered st
a health cajf

specified in

The ration
applied, sh

— fundat
inform
docum

resultd

G.3 Pro

The produ
ones show

applyd
proces
cycle g

if a dir]
both a

apply ¢ne productfamily only to medical devices with the same types of attributes;

sification systems

different types of classification systems, each with advantages and disadvantages, arg
or validation of sterilization in industrial settings (e.g. performed by a manufacturer of a mej
erile) or validation of sterilization as part of a processing process (e.g. performed by a proce;j
e facility) or validation of the suitability of a medical device for sterilizatjon intended for pr

the scope of ISO 17664-1) application of different classification systems ¢an be required.

ale for the selected and applied classification system and«the discrete classificatid
puld be documented. The rationale can be assisted by, but)het restricted to:

nentally accepted information given by this documentor other standards;
ation given in published literature;
ented experience;

of comparative studies.

duct family

't families to which a medical\device is assigned should be based on attributes identifig
n in Table G.1 considering'the following rules (if applicable but not limited to):

ne productfamily only to medical devicesintended foridentical or directly comparable s
ses (considering typé of moist heat sterilization process, sterilizer and operating cycl
arameters);

ect raniking of two aspects of an attribute is not possible, apply two different product {
spects of that attribute;

used.

dical device
sing unit in
bcessing (as

n levels, if

d from the

rerilization
b as well as

amilies for

consid

T TITE MUIMDET O aSPECT Of tHE Same attribute tyPe OCCUTTINg OIT the product farmity:

G.4 Documentation

G.4.1 General

Documentation should illustrate the type and status of the attributes applicable to each medical device or
group of directly comparable medical devices, as well as the allocation of each medical device, or group of
directly comparable medical devices, to a product family.

NOTE

Similar medical devices with identical attributes except one aspect of one attribute, e.g. a different length,

can be covered by the medical device with the worst-case aspect with respect to this attribute, e.g. the greatest length.
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G.4.2 Instruments with channels and cavities

Due to advances in surgical techniques, instruments with complex geometries, e.g. hollow devices, are
becoming increasingly employed. Such instruments pose challenges to decontamination processes including
moist heat sterilization, and in particular, the adequacy of air removal and steam penetration. Air removal
and steam penetration is affected by several factors. Some examples can include but are not limited to the:

a) physico/chemical conditions in the usable chamber space;
b) load characteristics;

¢) load configuration including the SBS used;

d) characteristics of the sterilization {‘yr‘]p

The diamefter and length alone do not account for all the issues related to air removal from, [and steam
penetratioh into, channels in medical devices. The conclusions in the published literature é6n'the gir removal
from, and gteam penetration into channels and cavities, are in part conflicting (e.g. see‘References [55] and
[69]). PQ should be considered for any instrument or instruments of a similar design having p cavity or
channel whether open- or closed-ended.

G.4.3 Example of a classification system for identifying the level of challenge to air removal
and stearn penetration posed by medical devices

An examplp of a classification system identifying the level of challengeto air removal and steam genetration
is shown ir] Table G.6. Additional information and published refererices used to support the classification are
also provided:
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