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Foreword

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

non-g

avernmental in liaison with 1SO_also take part in the waork 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draftyinternation

adop
Intern

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO

This pecond edition cancels and replaces the first edition (1IS0/14937:2000) and ISO 14937:200

whiclk

14937 was prepared by Technical Committee ISO/TC 198, Sterilization of health care produg

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fer\Wwoting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

have been technically revised.

Part 2.
al Standards
cation as an

ect of patent

ts.

D/Cor.1:2003
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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 pr

ior to

sterilization be m|n|m|zed Even so, med|cal dewces produced under standard manufacturlng conditions in

accordance wi
to sterilizatiop,
The purpos
sterile medic

have microorganisms on them, albe|t in low numbers. Such medlcal devices are non=s
of sterilization is to inactivate the microbiological contaminants and thereby transform.the
| devices into sterile ones.

The kinetics |of inactivation of a pure culture of microorganisms by physical and/or chemical-agents ug
sterilize medjcal devices generally can best be described by an exponential relationship,between the ny
of microorgahisms surviving and the extent of treatment with the sterilizing agent; inevitably this mean

there is alw.
applied. For
microorganis
sterility of a
and the ste
microorganis

This Interna
appropriate
requirementg
made, with
microorganis
regulatory 4

[«

ANSI/AAMI §

Generic requ
and servicing
device produ
certain proc
subsequent

reason, steri
routinely and

Exposure to
with the prov

ys a finite probability that a microorganism might survive regardless ©f,the extent of trea
a given treatment, the probability of survival is determined by the number and resistan
s and by the environment in which the organisms exist during(freatment. It follows thg
one medical device in a population subjected to sterilization-processing cannot be guara
ility of a processed population is defined in terms of the probability of there being a
Im present on a medical device.

ional Standard describes requirements that, if met?,will provide a sterilization procesg
Microbicidal activity intended to sterilize medicalkdevices. Furthermore, compliance wit
ensures that the sterilization process is both reliable and reproducible so that predictions c
reasonable confidence, that there is a low’ level of probability of there being a
m present on a medical device after sterilization. Specification of this probability is a matt
uthorities and can vary from country’ to country (see, for example, EN 556-1
bT67).

irements of the quality management system for design and development, production, instal
are given in ISO 9001 and particular requirements for quality management systems for m
ction are given in ISO 13485, The standards for quality management systems recognise th
bsses used in manufacturing, the effectiveness of the process cannot be fully verifie
nspection and testing._of the product. Sterilization is an example of such a process. Fo
ization processes_ are/validated for use, the performance of the sterilization process is mon
the equipment is,maintained.

a properly Validated, accurately controlled sterilization process is not the only factor assoq
ision of reliable assurance that a processed medical device is sterile and, in this regard, su

for its intend¢d use., Attention is also given to a number of factors including:

prior
erile.
non-

ed to
mber
5 that
ment
ce of
t the
hteed
iable

with
h the
hn be
iable
br for
and

ation
dical
t, for
d by
I this
tored

iated
table

a) the micrg

biological status of incoming raw materials and/or components;

b)
c)
d)
e)
f)

)]

Vi

the control of equipment and processes;
the control of personnel and their hygiene;
the manner and materials in which the medical device is packaged;

the conditions under which the medical device is stored.

the validation and routine control of any cleaning and disinfection procedures used on the medical device;

the control of the environment in which the medical device is manufactured, assembled and packaged;

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

The requirements are the normative parts of this International Standard with which compliance is claimed. The
guidance given in Annex E is not normative and is not provided as a checklist for auditors. The guidance
provides explanations and methods that are regarded as being a suitable means for complying with the
requirements—Methods-other-than-these-given-in-the-guidance-can-be-used-if-they-are-effestive in achieving

comgpliance with the requirements of this International Standard.

The gevelopment, validation and routine control of a sterilization process comprise a number of discrete but
interrelated activities, for example, calibration, maintenance, product definition, process\definition, installation
qualification, operational qualification and performance qualification. While the  activities reqlired by this
Interpational Standard have been grouped together and are presented in a particular order, this|International
Stanglard does not require that the activities be performed in the order that they are presented. The activities
required are not necessarily sequential, as the programme of development. andvalidation can be jterative. The
respansibility for carrying out the activities required by this International Standard will vary from ¢ase to case.
This [International Standard requires that the responsibilities of the yarious parties be defined (see 4.2) but
does| not specify to whom the responsibilities are allocated. Anpex.E provides guidance on |allocation of
respgnsibility.

This [nternational Standard has three distinct applications:

— for manufacturers of health care products who wish-to apply to their products a sterilizatiop process for
which a specific International Standard does not-exist;

— for manufacturers and users of sterilization processes in health care settings for whigh a specific
International Standard does not exist;

— gs a framework for the preparation‘ar’revision of standards for specific sterilization processegy.

© ISO 2009 — All rights reserved vii
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Sterilization of health care products — General requirements
for characterization of a sterilizing agent and the development,
validation and routine control of a sterilization process for

me

dical devices

[
b

1.1
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NOTH
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11.2
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11.3
steril
steril

1.1.4
nece
routir

NOTH
elems
the st
medid
imple

1.2

1.2.1

Scope

Inclusions

This International Standard specifies general requirements for thie“characterization of
and for the development, validation and routine monitoring and_control of a sterilizatiorn
Cal devices.

Although the scope of this International Standard is limited to”medical devices, the requirem
can also be applied to sterilization processes for other health care products.

a sterilizing
process for

ents specified

This International Standard applies to sterilization.frocesses in which microorganisms afe inactivated

ysical and/or chemical means.

This International Standard is intended {0-be applied by process developers, man
zation equipment, manufacturers of medigal devices to be sterilized, and organizations re
zing medical devices.

This International Standard specifies the elements of a Quality Management Systd
5sary to assure the appropriate’ characterization of the sterilizing agent, development, v
e monitoring and control of assterilization process.

It is not a requirement-of this International Standard to have a full quality management system.
nts are normatively referenced at appropriate places in the text (see, in particular, Clause 4). Attenti
andards for quality mahagement systems (see ISO 13485) that control all stages of production or r
al devices. National "and/or regional regulations for the provision of medical devices migh
mentation of a fulhquality management system and the assessment of that system by a third party.

Exclusions

This International Standard does not apply to sterilization processes that rely solely

Lifacturers of
sponsible for

m which are
hlidation and

'he necessary
bn is drawn to
pprocessing of
t require the

on physical

remo

val_of microorganisms (for example, filtration).

1.2.2 This International Standard does not describe detailed procedures for assessing microbial inactivation.

1.23

This International Standard does not specify requirements for characterization of an

agent or for

development, validation and routine control of a process for inactivating the causative agents of spongiform
encephalopathies such as scrapie, bovine spongiform encephalopathy and Creutzfeldt-Jakob disease.
Specific recommendations have been produced in particular countries for the processing of materials
potentially contaminated with these agents.

NOTE

See also I1ISO 22442-1, 1ISO 22442-2 and 1SO 22442-3.

1.2.4 This International Standard does not supersede or modify published International Standards for
particular sterilization processes.

©I1SO
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 10012, Measurement management systems — Requirements for measurement processes and
measuring equipment

ISO 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process

ISO 10993-1[7, Biological evaluation of medical devices — Part 17: Establishment of allowable climits for
leachable supstances

ISO 11138-112006, Sterilization of health care products — Biological indicators — (Part 1: Ggneral
requirements

ISO 11140-1} Sterilization of health care products — Chemical indicators — Part 1: General requirements

ISO 11737-1
population of

ISO 11737-2
in the definiti

ISO 13485:2
IEC 61010-2

use — Part
materials

3 Terms

Sterilization of medical devices — Microbiological methods — Part 1: Determination
microorganisms on products

Sterilization of medical devices — Microbiological methods*< Part 2: Tests of sterility perfd
bn, validation and maintenance of a sterilization process

D03, Medical devices — Quality management systenis — Requirements for regulatory purpg

040, Safety requirements for electrical equipment for measurement, control and labo
P-040: Particular requirements for sterilizers” and washer-disinfectors used to treat me

and definitions

For the purpgses of this International Standard, the following terms and definitions apply.

3.1
bioburden
population of

[ISO/TS 111

3.2
biological in

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

B9:2006, definition 2.2]

dicator

test system

of a

rmed

Ses

[atory
bdical

containing viable microorganisms providing a defined resistance to a specified sterili

ation

process

[ISO/TS 11139:2006, definition 2.3]

3.3

change control
assessment and determination of the appropriateness of a proposed alteration to product or procedure

[ISO/TS 11139:2006, definition 2.5]

© 1SO 2009 - All rights reserved
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3.4

chemical indicator

non-biological indicator

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

[ISO/TS 11139:2006, definition 2.6]
3.5

corrective action
action to eliminate the cause of a detected non-conformity or other undesirable situation

NOTH 1 There can be more than one cause for a non-conformity.

NOTH 2  Corrective action is taken to prevent recurrence whereas preventive action (3.17)iS taken to prevent
occurfence.

NOTH 3  There is a distinction between correction (3.6) and corrective action.
[ISO P000:2005, definition 3.6.5]

3.6
corrgction

action to eliminate a detected non-conformity

NOTE A correction can be made in conjunction with a corrective’action (3.5).
[ISO P000:2005, definition 3.6.6]

3.7

development
act of elaborating a specification

[ISOATS 11139:2006, definition 2.13]
3.8
establish

determine by theoretical evaluation and confirm by experimentation
[ISOATS 11139:2006, definition 2.17]

3.9
fault

one qr more of\the process parameters lying outside of its/their specified tolerance(s)

[ISONTS 1139:2006, definition 2.19]

3.10

health care product(s)

medical device(s), including in vitro diagnostic medical device(s), or medicinal product(s), including
biopharmaceutical(s)

[ISO/TS 11139:2006, definition 2.20]

© 1SO 2009 - All rights reserved 3
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3.1

installation qualification

Q

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

[ISO/TS 11139:2006, definition 2.22]

3.12
material safety data sheet
MSDS
pacifyvina A nranarting ~f o onihotoanan e At Azardalie AffAaAte £y pAane e
document S' UUIIyII Iu th\/ PI UPUItIU\J T L= oubctul LA Y It\) P\lt\ll Itlu! hul_ulduuc vll\avtd LA~4) hulllul o ullj the

environment| and the precautions necessary to handle and dispose of the substance safely

[ISO/TS 11189:2006, definition 2.23]
3.13
medical deviice
instrument, @pparatus, implement, machine, appliance, implant, in vitro reagent(or calibrator, softvare,
material or ofher related article, intended by the manufacturer to be used, alone or‘imcombination, for human
beings for onle or more of the specific purpose(s) of

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

— diagnosis, monitoring, treatment, alleviation of or compensation foran injury,

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

— control df conception,

— disinfectjon of medical devices,

— providing information for medical purpgoses by means of in vitro examination of specimens derived| from
the humpn body

and which does not achieve its. primary intended action in or on the human body by pharmacological,
immunologichl or metabolic means) but which may be assisted in its function by such means

[ISO 13485:2003, definitiorn3+7]
NOTE THhis definition from ISO 13485:2003 has been developed by the Global Harmonization Task Force (GHTF 2002).

3.14
operational gualification
oQ

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

[ISO/TS 11139:2006, definition 2.27]

3.15

parametric release

declaration that a product is sterile, based on records demonstrating that the process parameters were
delivered within specified tolerances

[ISO/TS 11139:2006, definition 2.29]

4 © 1SO 2009 - All rights reserved
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performance qualification

PQ

process of obtaining and documenting evidence that the equipment, as installed and operated in accordance
with operational procedures, consistently performs in accordance with predetermined criteria and thereby
yields product meeting specifications

[ISO/TS 11139:2006, definition 2.30]

317

preventive action
actiopte-eliminate-the-cause-ofapetentialnen—cerformity-oretherundesirablepetential-situation
NOTH 1 There can be more than one cause for a potential non-conformity.

NOTH 2  Preventive action is taken to prevent occurrence, whereas corrective action(3\5) is tak
recurience.

[ISO P000:2005, definition 3.6.4]

3.18

process challenge device

PCD

item fesigned to constitute a defined resistance to a sterilization{process and used to assess psg
the pfocess

[ISOANTS 11139:2006, definition 2.33]

3.19

process parameter

specified value for a process variable

NOTE The specification for a sterilization-process includes the process parameters and their tolerances.
[ISOATS 11139:2006, definition 2.34]

3.20
proc
cond
EXAN
[1ISO

3.21
reco

bss variable
tion within a sterilization/process, changes in which alter microbicidal effectiveness
PLES Time Aemperature, pressure, concentration, humidity, wavelength.

TS 11139:2006, definition 2.35]

gnised culture collection

depo

en to prevent

rformance of

pitory authority under the Budapest Treaty on The International Recognition of thd

Deposit of

Microorganisms for the Purpose of Patent and Regulation
[ISO/TS 11139:2006, definition 2.38]

3.22

reference microorganism

microbial strain obtained from a recognised culture collection

[ISO/TS 11139:2006, definition 2.39]

© 1SO 2009 - All rights reserved
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requalificati
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on

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

[ISO/TS 11139:2006, definition 2.40]

3.24
services

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

EXAMPLES

Electricity, water, compressed air, drainage.

[ISO/TS 111

3.25
specify
stipulate in d

[ISO/TS 111
3.26

sterile

free from via

[ISO/TS 111

3.27
sterility

state of being free from viable microorganisms

NOTE In
[see sterilizat

[ISO/TS 111
3.28

sterilization
validated pro
[ISO/TS 111

NOTE In

microorganisnp on an individual item can thus be expressed in terms of probability. While this probability can be redu

a very low nun

3.29

89:2006, definition 2.41]

ptail within an approved document

BO:2006, definition 2.42]

ble microorganisms

89:2006, definition 2.43]

practice, no such absolute statement regarding the absence of microorganisms can be [
on (3.28)].

B9:2006, definition 2.45]

cess used to render a product free from viable microorganisms
89:2006, definition-2:47]

a sterilization/process, the nature of microbial inactivation is exponential, and the survival

hber, it can\never be reduced to zero. (See sterility assurance level in ISO/TS 11139.)

sterilization

roven

of a
Ced to

load

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

[ISO/TS 11139:2006, definition 2.48]

3.30
sterilization

process

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

NOTE

This series of actions or operations includes pre-treatment (if necessary), exposure under defined conditions

to the sterilizing agent and any necessary post-treatment. It does not include any cleaning, disinfection or packaging

operations tha

t precede the sterilization process.

[ISO/TS 11139:2006, definition 2.49]

© 1SO 2009 - All rights reserved
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3.31

sterilizing agent

physical or chemical entity, or combination of entities, that have sufficient microbicidal activity to achieve
sterility under defined conditions

[ISO/TS 11139:2006, definition 2.50]

3.32

survivor curve

graphical representation of the inactivation of a population of microorganisms with increasing exposure to a
microbicidal agent under stated conditions

[ISOATS 11139:2006, definition 2.51]

3.33
test {or sterility
techrfical operation, defined in a Pharmacopoeia, performed on product following, exposure to @ sterilization
procgss or following an aseptic manufacturing process

3.34
test of sterility
techrfical operation performed as part of development, validation or requalification to determine the presence
or absence of viable microorganisms on product or portions thereof.

[ISOATS 11139:2006, definition 2.54]
3.35
validation
documented procedure for obtaining, recording and jaterpreting the results required to establish that a process
will cpnsistently yield product complying with predetermined specifications

[ISOATS 11139:2006, definition 2.55]

4 Quality management system elements

4.1 | Documentation

4.1.1] Procedures for-characterization of a sterilizing agent, development, validation, and routing control of a
sterilization process.and’product release from sterilization shall be specified.

4.1.2 Documents and records required by this International Standard shall be reviewed and [approved by
designated personnel (see 4.2.1). Documents and records shall be controlled in accordamce with the
appli¢able clauses of ISO 13485.

4.2 Managementresponsibility
421 The responsibility and authority for implementing and meeting the requirements described in this
International Standard shall be specified. Responsibility shall be assigned to competent personnel in
accordance with the applicable clauses of ISO 13485.

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

© 1SO 2009 - All rights reserved 7
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4.3 Product realization

4.3.1
clauses of IS

4.3.2

O 13485.

comply with the applicable clauses of ISO 13485.

Procedures for purchasing shall be specified. These procedures shall comply with the applicable

Procedures for identification and traceability of product shall be specified. These procedures shall

4.3.3 A system complying with the applicable clause(s) of ISO 13485 or ISO 10012 shall be specified for
the calibration of all equipment, including instrumentation for test purposes, used in meeting the requirements
of this International Standard.

4.4 Meas

Procedures
preventive a

5 Steriliz

5.1 Gene

The purpose

the factors that influence microbicidal effectiveness, assess the effects-that exposure to the sterilizing

has on mate
activity may
(see 6.3) sh
equipment.

5.2 Steril

The sterilizin
the sterilizing
life.

irement, analysis and improvement — Control of non-conforming product

or control of product designated as non-conforming and for correction, corrective “actior
tion shall be specified. These procedures shall comply with the applicable clauses)of ISO 13

ring agent characterization

al
of this activity is to define the sterilizing agent, demonstrate its microbicidal effectiveness, id

rials, and identify requirements for safety of personnel‘and protection of the environment
be undertaken in a test or prototype system. Wheredhis occurs, the final equipment specific

all be relatable to the results of experimental\ studies undertaken in the test or prot
zing agent
g agent shall be specified. The specification shall include, if appropriate, conditions of stora

agent to maintain the sterilizing agent within its specification for the duration of the stated

and
485.

entify
hgent

This
ation
btype

ge of
shelf

5.3 Micropicidal effectiveness

5.3.1 Micropbicidal effectiveness studies shall

a) demonsjrate the lethal-action of the sterilizing agent against a range of representative microorgagisms
selected in accordance with Annex A,

b) establish an empirical mathematical relationship defining the microbial inactivation kinetics of identified
resistan{ microorganisms so that the probability of a microorganism surviving exposure to a ddfined
treatment-can-be-predicted;

c) identify reference microorganism(s) that has (have) known high resistance to the sterilizing agent;

d) identify the process variables that affect the lethal action of the sterilizing agent and the interactions of
these process variables in relation to this lethal action;

e) assess those factors that can adversely influence the effectiveness of the sterilizing agent based upon
physical and/or chemical interactions;

EXAMPLES Interactions with materials and residues from manufacturing, cleaning and/or disinfection.

8 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=81373a36352d44d059f9afcaaf0e60f2

f)
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The environment, materials and residues from manufacturing, cleaning and/or disinfection.

identify a means for terminating the activity of the sterilizing agent, if applicable.

assess those factors that can adversely affect the delivery and/or distribution of the sterilizing agent;

5.3.2 The test method(s), acceptance criteria and justification for the choice of test microorganisms shall be
documented. Test results shall be recorded (see 4.1.2).

5.4

Effects on materials

5.4.1
and ¢

5.4.2
using

5.4.3
again

5.5
5.5.1
agen

a suf

5.5.2
orac

of the substance(s) established. This assessment,including the potential effect (if any) and the

contr

The effects of exposure 1o the sterilizing agent on the physical and/or chemical properfie
n their biological safety shall be assessed.

The effects of repeated exposure to the sterilizing agent on the properties of matérials sh
the combination of process parameters likely to maximize effects on materials,

The materials tested and the outcomes of tests shall be recorded (see 4.1:2), together wi
st which the properties of materials were assessed before and after exposure to the sterilizir

Safety and the environment
Either a material safety data sheet or analogous safety information shall be specified for
plier for a chemical agent or be prepared as a prelude te'experimental studies on the steriliz

The potential effect on the environment of any substance which could be released, eithe
cidentally, during or following use of the sterilizing agent, shall be assessed and measured f

bl (if identified), shall be recorded (see 4.1.2).

b of materials

bll be studied

th the criteria
g agent.

he sterilizing

, its precursors (if any) and any by-products of the sterilizing agent. This information may be¢ provided by

ng agent.

I deliberately
br the control
measures for

6 Process and equipment characterization

6.1 | General

The purpose of this activitylis)to define the entire sterilization process and the equipment necesspry to deliver
the sferilization process safely and reproducibly.

6.2 | Process characterization

6.2.1| Theprocess parameters, together with their tolerances, shall be specified. These tolerances shall be
basefl upon~knowledge of the combination of process parameters yielding minimal acceptablg microbicidal
effecfiveness. Processing at such process parameters shall routinely yield safe and functional prdduct.

NOTE The establishment of the process parameters follows the definition of process variables [see 5.3.1 d)],

including those process variables that are excluded or minimized in ensuring the effectiveness of the sterilization process.

6.2.2

Means of monitoring and controlling the process variables shall be determined.

6.2.3 Any treatment of product that is required prior to exposure to the sterilizing agent to ensure
effectiveness of the sterilization process shall be specified.

6.2.4 Any treatment of product that is required following exposure to the sterilizing agent to ensure safety of
product shall be specified as part of the sterilization processes.

©I1SO

2009 — All rights reserved
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6.3 Equipment characterization

6.3.1

parameters shall be specified.

6.3.2 The specification shall include, but is not limited to:

The equipment to deliver the process in a safe manner within the tolerances stipulated for the process

a) physical description of the equipment and necessary ancillary items, including materials of construction;

b) specification of the sterilizing agent (see 5.2) and the means by which it is provided, including any
additives or precursors necessary for its delivery;

c) description of instrumentation for monitoring and controlling the sterilization process, including-sensor
charactgristics and locations, and indicating and recording instruments;

d) faults refognized by the sterilizing equipment;

e) safety fdatures, including those for personnel and environmental protection;

f) installatipn requirements, including those for the control of emissions, if applicable.

6.3.3 Software used to control and/or monitor the process shall be prepafedin accordance with a quality

managemeni system that provides documented evidence (see 4.1.2) thad the software meets its design

intention.

NOTE Attention is drawn to ISO 90003.

6.3.4 Meaps shall be provided to ensure that a failure in .a control function does not lead to a faildre in

recording of
either by the
monitoring th

7 Produg

71
of the produd

7.2 Produ

is to be presented to the sterilization process, shall be specified.

Meeting this
undertaking
sterilization ¢

The purpose of this activity is to_define the product to be sterilized, including the microbiological q

process parameters such that an ineffective process appears effective. This may be ach
use of independent systems for control and -monitoring, or by a cross-check between contrg
at identifies any discrepancies and indicatés a fault.

ct definition

t prior to sterilization and\the manner in which product is packaged and presented for steriliz
t to be sterilized, including the packaging materials to be used and the manner in which pr
requirement-could necessitate that appropriate information be provided to the organiz

he sterilization process by the manufacturer of the medical device and the manufacturer
quipraent.

eved
| and

uality
ation.

bduct

ation
bf the

NOTE S¢

e, for example, ISO 17664.

7.3

A system shall be specified and maintained to ensure that the condition of the product presented for

sterilization, including microbiological, organic and inorganic contamination levels, is controlled and does not
compromise the effectiveness of the sterilization process.

7.4 The effectiveness of the system defined in accordance with 7.3 shall be demonstrated. For medical
devices to be supplied for single use, this demonstration shall include estimation of bioburden in accordance
with ISO 11737-1. For medical devices to be reprocessed, this demonstration shall include assessment of the
effectiveness of the specified cleaning and, if applicable, disinfecting process.
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The intention is that bioburden be stable and low, taking account of the nature of the raw materials, product
and manufacturing or reprocessing procedures prior to sterilization. This can be achieved by employing a
quality management system complying with 1ISO 13485 throughout the manufacture of the medical device, or
by employing a defined and controlled cleaning process of demonstrated effectiveness, together with a
disinfection process (if specified) prior to sterilization, and thereafter preventing recontamination of the medical
device.

NOTE International Standards for equipment to be used in cleaning and disinfecting medical devices (ISO 15883

series) include methods to demonstrate the effectiveness of a cleaning and disinfecting process.

8.1

to de

8.2

8.4

comg
Chemical indicators shall be placed either at positions in product where it has been determined t
cond

8.5

comg

8.6

determined."PE€Ds shall present a challenge equivalent to or greater than that at the position in p
it has

8.7

The purpose of this activity is to obtain a detailed specification for the sterilization pracess
fined product (see Clause 7), without compromising the safety, quality and performance of th

The sterilization process appropriate for defined product shall be establishedy Fhis shall be
gelecting the process parameters and, if practicable, demonstrating their attainment by meas|
deliver less lethality than the intended sterilization process using one of the approache
Annexes B, C or D.

If biological indicators are used as part of the establishment of the sterilization process, the

¢omply with ISO 11138-1 and any subsequent partsCef ISO 11138 that are applicable to th
process;

e placed either at positions in product\where it has been determined that sterilizing conditi
difficult to achieve or within a process.challenge device (PCD).

If chemical indicators are used’as part of the establishment of the sterilization proces
ly with 1SO 11140-1 andany subsequent parts of ISO 11140 that are applicable to

tions are most difficultto, achieve or within a PCD (see 8.6).

If tests of sterility-are performed during the establishment of the sterilization process, su
ly with 1ISO 11737-2.

If PCDsdate used as part of the establishment of the sterilization process, their appropriate

beendetermined that sterilizing conditions are most difficult to achieve.

fo be applied
at product.

achieved by:

urements;

delivering the sterilizing agent under conditions so designed to represent increments of tyeatment that

5 outlined in

y shall:

b sterilization

be shown to be resistant to the sterilizing agent relative to the bioburden of product to be stetilized;

bNs are most

s, they shall
the process.
nat sterilizing

h tests shall

hess shall be
roduct where

I'ne Diological sately Of product tollowing exposure 10 the sterilization process shall be e

accordance with ISO 10993-1.

stablished in

8.8 A health-based risk assessment shall be conducted in accordance with ISO 10993-17 to identify and
specify limits for process residuals on/in product.

8.9 If necessary, means shall be established to reduce level(s) of process residual(s) on/in product below
that (those) identified in accordance with 8.8.

8.10 It shall be demonstrated that product meets its specified requirements for safety, quality, and
performance following application of the specified sterilization process.

8.11 The sterilization process shall be specified.
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9 Validation

9.1 General

The purpose of validation is to demonstrate that the sterilization process established in the process definition
(see Clause 8) can be delivered effectively and reproducibly to the sterilization load. Validation consists of a
number of identified stages: installation qualification (1Q), operational qualification (OQ) and performance
qualification (PQ).

IQ is undertaken to demonstrate that the sterilization equipment and any ancillary items have been supplied
and installed in accordance with their specification.

OQ is carrigd out either with unloaded equipment or using appropriate test materials to demonstrate the
capability of the equipment to deliver the sterilization process that has been defined (see Clause 8).

PQ is the stage of validation that uses product to demonstrate that the equipment consistently operates in

accordance yith predetermined criteria and the process yields product that is sterile and meets the spegified
requirementq.

9.2 Installation qualification

9.21 Equipment
9.211 Equipment to be used in the sterilization process, including:any ancillary items, shall be spedfied.
9.21.2 Bterilization equipment shall comply with IEC 61010-2-040.

9.21.3 The operating procedures for the equipment shall'be specified. These operating procedures| shall
include, but are not limited to:

a) step-by-gtep operating instructions;
b) fault corlditions, the manner in which they are indicated, and actions to be taken;
¢) instructipns for maintenance and calibration;

d) details of contacts for technical support.

9.2.2 Installation

9.2.21 he location/in° which the equipment is to be installed, including any services required, shall be
specified. Anly special.precautions and provisions shall be identified (for example, safety equipment).

9.2.2.2 nstructions for installation shall be specified and shall include instructions pertinent to the health
and safety of| personnel.

9.2.2.3 If applicable, conditions for the safe storage of the sterilizing agent to ensure that its quality and
composition remain within specification shall be specified.

9.224 Prior to 1Q, the calibration status of all instrumentation (including any test instruments) used for
monitoring, controlling, indicating or recording shall be confirmed (see 4.3.3).

9.2.2.5 It shall be demonstrated that the equipment, any ancillary items and storage conditions, as
installed, operate as intended.
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9.3 Operational qualification

9.3.1  Prior to OQ, the calibration status of all instrumentation (including any test instruments) used for
monitoring, controlling, indicating, or recording shall be confirmed (see 4.3.3).

9.3.2 0OQ shall demonstrate that the installed equipment is capable of delivering the specified process
(see 8.11) within defined tolerances.

9.4 Performance qualification

9.4.1 Calibration activities (see 4.3.3) shall be completed for instruments used in PQ.

9.4.2 The manner of presenting the product for sterilization, including the orientation of (proquct, shall be
specified.

9.4.3| Product used in PQ shall be packaged identically to that to be sterilized routinely.

9.4.4 Data shall be generated to demonstrate the attainment of the defined physical and/or chemical
condftions, within specified tolerances, throughout the sterilization load.—Relationship(s) between the
condftions occurring at positions used routinely to monitor the sterilizatien’ process and thoge conditions
occufring throughout the sterilization load shall be established. This is achieved by determining the attainment
of thg specified condition(s) at predetermined positions throughout théssterilization load.

9.4.5 Microbiological performance qualification studies shall comprise delivery of the sterilizing agent under
condftions so designed that the extent of treatment is redueed relative to that in the sterilization process.
Extrapolation of the outcomes of such reduced treatment(s)>shall be used to predict that, on application of the
sterilization process, the specified requirements for stefility are met. The approaches to procgss definition
descfibed in Annexes B, C or D may also be employed-in microbiological performance qualificatign studies.

9.4.6| Biological indicators employed during microbiological performance qualification shall comply with 8.3.

9.4.7| If tests of sterility are performed on’product subjected to conditions as specified in 9.4.5, such tests
shall pe performed in accordance with ISO111737-2.

9.4.8| If chemical indicators are used in PQ, they shall comply with 8.4.
9.4.9| If PCDs are used in PQ,Jthey shall comply with 8.6.

9.4.1p PQ shall include.a-series of at least three successful exposures of product to the sterilizgtion process,
within defined toleranees, in order to demonstrate the reproducibility of the process. Results fromh PQ outside
of degfined tolerancesvshall be reviewed and corrective actions determined and instituted befofe initiating a
new $eries of exposures.

The geries-of three successful exposures shall be performed consecutively, unless finding oufside defined
tolergnces_can be attributed to factors not relevant to the effectiveness of the process being validated. Such
findings_shall be documented as unrelated to performance of the sterilization process.

EXAMPLES The finding might be attributed, but not limited to, power failures, loss of services or failure of external
monitoring equipment.

9.4.11 The levels of any process residues following exposure to the upper tolerances of the process
parameters shall be demonstrated as being below the specified limits identified in the health-based risk
assessment (see 8.8).

9.4.12 It shall be confirmed that the product meets its specified requirements for safety, quality and
performance following application of the defined process at the upper tolerances of the process parameters.

NOTE Information gathered in accordance with 8.9 can be used to meet this requirement.
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9.5 Revie

9.5.1

2009(E)

w and approval of validation

the acceptability of the sterilization process and to approve the process specification.

9.5.2
acceptability

(see 4.1.2). The results of this review shall be recorded (see 4.1.2).

The purpose of this activity is to undertake and document a review of the validation data to confirm

Information gathered or produced during IQ, OQ and PQ shall be recorded and reviewed for

9.5.3 A complete process specification, including the process parameters and their tolerances, shall be
confirmed. This process specification shall also include the criteria for designating an individual sterilization
process used for a particular sterilization load as conforming.

10 Routine monitoring and control

101 The p
sterilization g

10.2 There

Lirpose of routine monitoring and control is to demonstrate that the validated and spe
rocess has been delivered to the product.

shall be evidence through measurements, supplemented as necessary-by biological indig

cified

ators

(see 10.5) of chemical indicators (see 10.6), that the sterilization process was,delivered within the defined
tolerances (see also 9.5.3).

10.3 Data shall be recorded to demonstrate the attainment of process parameters within defined tolerangces.
10.4 All recprds shall be retained in accordance with 4.1.2.

10.5 If biological indicators are used in routine monitoring, they<shall comply with 8.3 a) and b).

10.6 If chemical indicators are used in routine monitoring;they shall comply with 8.4.

10.7 If PCDs are used in routine monitoring and contrel; they shall comply with 8.6.

11 Product release from sterilization

11.1 A prodedure for product release from sterilization shall be specified. This procedure shall defing the
criteria (see 9.5.3) for designating a-sterilization process as conforming to its specification.

11.2 Parametric release shall only be used if all process parameters are specified, controlled and difectly
monitored. Records of process parameters shall be retained (see 4.1.2).

11.3 If bioldgical indieators or chemical indicators are used to monitor the sterilization process (see 10.$ and
10.6), the repults from“exposure to these indicators shall be included within the criteria for product rejease
from sterilizafion.,

11.4 If the critera-speeifiednt4-arenotmetproductshallbe-considered-asnon-cenfermingand-hahdled
in accordance with documented procedures (see 4.4).

14
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12 Maintaining process effectiveness

12.1 General

The continued effectiveness of the system for ensuring the condition of product presented for sterilization

(see 7.3) shall be demonstrated (see 7.4).

12.2 Recalibration

The accuracy and reliability of the instrumentation used to control and monitor the sterilization process shall

cTrrocTootT

be veg rrFu:url parur\dur\all\l fc-an 4-3- ’2\

12.3| Maintenance of equipment

12.3.1 Preventative maintenance shall be planned and performed in accordance with

documented

procgdures. The procedure for each planned maintenance task and the frequencyrat’'which it is [to be carried

out shall be specified. Records of maintenance shall be retained (see 4.1.2).

12.3.2 Equipment shall not be used to process product until specified—maintenance tasks
satisffactorily completed and recorded.

12.3.8 The maintenance scheme, maintenance procedures and\ maintenance records shall
periofically by a designated person. The results of the review shall.be recorded (see 4.1.2).

12.4| Requalification

have been

be reviewed

12.4.1 Requalification of a sterilization process, cafried out for defined product and specified equipment,

shall pe performed at defined intervals. The extent {o-which requalification is carried out shall be j

12.4.2 Requalification procedures shall be “specified and records of requalification shall
(see #.1.2).

Istified.

be retained

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

docunented procedures. Recordssshall be retained (see 4.1.2) of reviews of requalification data
corrections made and corrective'actions taken if specified acceptance criteria are not met (see 4.4

12.5| Assessment of change

12.5.1 Any changefin)the sterilization equipment that could affect delivery of the sterilization pro
assesgsed. If the effectiveness of the sterilization process is judged to be affected, a repeat of pa
0Q ¢qr PQ shallbe carried out (see Clause 9). The outcome of this assessment, including the
decisions reachéd, shall be recorded (see 4.1.2).

fogether with
).

Cess shall be
t or all of 1Q,
rationale for

be assessed

12.5.p Any change in product |ts package or the presentatlon of product for sterlllzat|on shall

process def|n|t|on (see Clause 8) and/or PQ (see 9 4) shall be undertaken The outcome of the
including the rationale for the decisions reached, shall be recorded (see 4.1.2).

© 1SO 2009 - All rights reserved
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Annex A
(normative)

Factors to be considered in selection of microorganisms for
demonstrating microbicidal effectiveness

A.1 General

This annex presents the factors to be considered in selecting microorganisms used in demonstrating the
microbicidal |effectiveness of a sterilizing agent. Table A.1 gives examples of microorganisms that can be
included in quch studies. Table A.1 is not exhaustive and, for a new sterilization process,(it,should njpt be
assumed that the microorganisms listed in Table A.1 will be the most resistant.

A.2 Identification of reference microorganism
The data ofjtained in the demonstration of microbicidal effectiveness shall identify a suitable refefence
microorgani to be employed as a representative model of high resistance during sterilizing agent
characterization and, if applicable, process definition studies.

NOTE Generally a bacterial spore is selected.

A.3 Selection of microorganisms

In selecting microorganisms to be used in demonstrating the microbicidal effectiveness of a sterilizing ggent,
the following|shall be considered:

a) microorganisms with known high resistance _to the sterilizing agent or an expectation of a high resisfance
from infgrmation in the scientific literature or a knowledge of the mode of action of the sterilizing ager

o+

b) microorganisms with known resistanee to well-characterized sterilization processes;

c) types ofl microorganisms (aerobic and anaerobic Gram positive and Gram negative bacteria, bagterial
spores, mycobacteria, fungitincluding sporing forms, yeasts, parasites and viruses);

d) microorganisms presént'on the materials of construction of the product and in the environment in yhich
the product is manufactured;

e) microorganismssthat have been isolated during determinations of bioburden undertaken on typical
product ffo_be processed and, if applicable, microorganisms likely to be present on a re-usable mg¢dical
device as aresult of its prior use on a patient. T

The microorganisms selected and the rationale for their choice shall be recorded (see 4.1.2). These
microorganisms may be designated by a recognised culture collection reference or other identifier that allows
the source to be traced.

NOTE 1 The information with respect to microorganisms given in A.3b) is to provide a comparison with other
sterilization processes and to ensure that well-characterized microorganisms are included in the studies.

NOTE 2 Inactivation of viruses and/or parasites [see A.3 c)] is a particular consideration in processes used to sterilize
products containing material of animal origin (see also ISO 22442-3), as well as when reprocessing medical devices in
health care facilities.

NOTE 3  In considering the information obtained with respect to microorganisms given in A.3 e), it should be noted that
the resistance of microorganisms isolated from product can be modified by recultivation.
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Table A.1 — Examples of potential test microorganisms

Bacterial spores Bacillus atrophaeus
Geobacillus stearothermophilus
Clostridium sporogenes

Vegetative bacteria Staphylococcus aureus
Salmonella choleraesuis
Pseudomonas aeruginosa

Fungi Trichophyton mentagrophytes (conidia)
Candida spp.

Myc(‘ hacteria Mvcaobacterium terrae

Non-|ipid viruses Hepatitis A
Parvovirus

Poliovirus type 1 (attenuated)

Lipid|viruses Herpes simplex
Paragites Cryptosporidium parvum
NOTH 1 This table is not intended to be a comprehensive list of microorganisms that have’to be evaluated and should not be

assured to cover all the factors specified above for any particular sterilization process. This table is informative only.

NOTH 2 Viral culture can use any suitable cell line which is traceable and for which the)number of passage(s) is knopvn.
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Annex B
(normative)

Approach 1 — Process definition based on inactivation
of the microbial population in its natural state

B.1 Gene

The methods
inactivation @

B.2 Produ

Product sele

B.3 Proce

B.3.1 Expqg
process. Est
the sterilizing

B.3.2 Follg
accordance

B.3.3 To ¢
products exh
B.4 Maint

Confirm the
representatiy

f the microbial population in its natural state.

cted for studies on process definition shall be representative of routine production.

bblish the required accuracy and precision of increments, and control and monitor the deliv

wing exposure to the sterilizing agent, subject products individually to a test of steril
vith ISO 11737-2.

ibiting no growth in tests of sterility.anhd the extent of exposure to the sterilizing agent.

pining process effectiveness

at

described in ISO 11137-2 are examples of how process definition can be achieved baséd on

ct selection

dure
se product to the sterilizing agent in predetermined inctement(s) of the anticipated steriliz

agent to meet defined limits.

efine the sterilization process, usesknowledge of the relationship between the proporti

continued appropriateness of the sterilization process at defined intervals using pr
e of routine production (see 12.4).

ation
pry of

ty in

bn of

bduct
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CA

This

this gpproach is contained in ISO 14161.

C.2

C.2.1 Establish the location(s) within product at which sterility is most difficult to achieve.

C.2.2 Create a challenge to the sterilization process, comprising-a<known number of microor:
known resistance to the sterilizing agent, by one of the following approaches:

a)

b)

C.2.3 Package the challenge in the same manner as product produced routinely and include
sterilization load.

C.2.4 Treat the sterilization load with(the sterilizing agent under conditions selected to deliver

than

inactivated.

C.2.§ If the sterilization process involves treatment with a chemical agent, establish that its
and/qgr microbiostatic action(s) have been appropriately neutralized prior to the estimation of survi

NOTH See ISO 11138-1:2006, Annex B, for information on a method to determine growth inhibition.

C.2.4 Determine~the number of microorganisms surviving, either by direct enumeration or es
most|probable number technique.

C.2.7 ,Calculate the rate of inactivation of the reference microorganisms.

ISO 14937:2009(E)

Annex C
(normative)

Approach 2 — Process definition based on inactivation
of reference microorganisms and knowledge of bioburde

n

'General

approach has been referred to as the “combined biological indicator/bioburden method”.

Procedure

placing biological indicators within product at position(s) \where sterility is most difficult to ach

ihoculating with reference microorganisms the position(s) within product where sterility is m
achieve.

those conditions to be used, routinely, such that not all the reference microorganisms

(Guidance on

janisms with

eve;

pst difficult to

it within the

less lethality
have been

microbicidal
Vors.

timated by a

C.2.8 From a knowledge of the bioburden (established in accordance with 7.4) and the rate of inactivation of
the reference microorganisms, determine the extent of treatment required to achieve the specified

requ

irements for sterility.
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Annex D
(normative)

Approach 3 — Conservative process definition based on inactivation

of reference microorganisms

D.1 Generat

This approagh to process definition has been widely employed, particularly for products to be re-procesged in
health care gstablishments. Qualifying a sterilization process for such products employs an approach different
from that adppted with virgin product. This is because the challenge to the sterilization process is diffiqult to
eprocessing treatments such as cleaning are difficult to validate and control(see 7.3 and| 7.4).

define and

Therefore, s
that exceeds
to as the “ov

D.2 Proce
D.2.1 Dete

D.2.2 Creq
known resist
a) placing

inoculati
achieve,

b)
D.2.3 Pack
sterilization |

D.24 Trea
reduced in rg

I the sterilization load ‘with the sterilizing agent under conditions designed to deliver an exp

that needed to achieve the specified requirements for sterility. This approach has been re
erkill approach.” Guidance on this approach can be found in ISO 14164.

dure
rmine the position(s) within product where it is most difficult to achieve sterilizing conditions.

te a challenge to the sterilization process, comprising a known number of microorganisms
hnce to the sterilizing agent, by one of the following approaches:

biological indicators within product at position(s) where sterility is most difficult to achieve;
hg with reference microorganisms the position(s) within product where sterility is most diffig
age the challenge in the same*manner as product produced routinely and include it with
bad.

lation to that in theanticipated sterilization process.

ify the extent(of tfeatment that inactivates 106 microorganisms at the selected position(s).

ere are ‘several approaches to identify the extent of treatment to inactivate 108 microorganism

erilization processes applied in these situations are often conservative and employ a treajment

rred

with

ult to

n the

psure

5. For

arUinitial challenge equal to or greater than 108 viable microorganisms, this extent of treatment ¢

an be

tified conservatively as the treatment after which no surviving microorganisms are recovered,

treatment after which a 6-log reduction in viable microorganisms is observed,

with an initial challenge greater than 108 viable microorganisms, this extent of treatment can be identified as the

with an initial challenge less than 108 viable microorganisms, this extent of treatment can be identified by

extrapolation from the treatment after which, for example, a 4-log reduction in viable microorganisms is
observed.

D.2.5 Iden
NOTE TH
example:
1)  with
iden
2)
or
3)
20
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D.2.6 If the sterilization process involves treatment with a chemical agent, establish that its microbicidal
and/or microbiostatic action(s) have been appropriately neutralized prior to the estimation of the number of
survivors.

NOTE See ISO 11138-1:2006, Annex B, for information on a method to determine growth inhibition.

D.2.7 Repeat exposure of fresh challenges to the level of treatment identified in D.2.5 on at least two further
occasions.

D.2.8 If the inactivation of 108 microorganisms has been confirmed following D.2.7, determine the extent of

treatment for the sterilization process by extrapolation to a predicted probability of a surviving microorganism

of 10—6 orhettar takina inta account thae natura of tha inactivatinn kinatice affactad hyv tha starilizi 19 agent and
or-bettertaking-into-account-the-nature-of- the-inactivationkinetics-effected-by-the-sterilizi

the number and resistance of the microorganisms on the biological indicator/inoculated product.

NOTH 1 This approach is best suited to sterilizing agents that exhibit linear inactivation kinetics. In sych cases, the
extent of treatment can be defined conservatively as twice that employed in D.2.6. For sterilizing agents that do not exhibit
linear|inactivation kinetics, the nature of the inactivation kinetics should be investigated in order to derive|a relationship
from yhich it can be predicted that the specified probability of a microorganism surviving is\not exceeded dn applying the
sterilization process.

NOTH 2 A knowledge of the inactivation kinetics can be obtained as in 5.3.1 b);the nature of the inactjvation kinetics
can bg influenced by the product.
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Annex E
(informative)

Guidance on application of this International Standard

NOTE For ease of reference, the numbering of clauses in this Annex corresponds to that in the normative part of this
standard.

E.1 Scopé¢

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

E.2 Normptive references

The requirements given in documents that are included as normative references are requirements of this
International|Standard only to the extent that they are cited in normative parts of this International Standard;
the citation mpay be to a whole standard or limited to specific clauses.

E.3 Terms and definitions

No guidance|offered.

E.4 Quality management system’elements

E.4.1 Docymentation

Requirements for the controhof documents and records are specified in 4.2.3 and 4.2.4 of ISO 13485:2003.

In ISO 1348p, the requjrements for documentation relate to the generation and control of documeniation
(including spgcifications and procedures) and records.

E.4.2 Management responsibility

E.4.2.1

requirements for human resources in 6.2 of ISO 13485:2003.

Requirements for responsibility and authority are specified in 5.5 of 1SO 13485:2003 and

In ISO 13485, the requirements for management responsibility are related to management commitment,
customer focus, quality policy, planning, responsibility, authority and communication, and management review.

The level of qualification, training and experience required by personnel will depend upon the activities being
performed. General guidance on training as part of the overall quality management system is given in ISO 9004.

Particular qualifications and training are appropriate for personnel with the following responsibilities:
microbiological testing; chemical analysis and formulation; installation of equipment; equipment maintenance;
physical PQ; routine sterilizer operation; calibration; process design; equipment specification.
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E.4.2.2 The development, validation and routine control of a sterilization process are likely to involve a
number of separate parties, each of whom is responsible for certain elements. This International Standard
does not require particular elements to be carried out by specific parties but does require that the party
accepting particular responsibilities is defined and that this definition of responsibilities is documented. This
documented definition of responsibilities should be within the quality management system(s) of the identified
parties and can form part of a contractual relationship.

Table E.1 lists the elements of this International Standard and, for illustration only, names parties that might
be responsible for identified activities. It should be noted that

the elements listed might not occur sequentially, as the design and testing programme can be iterative in

The

apprd

In or

belo

Scenario 1 — Health care facility: in this scenario, the user of the sterilization process is &
faciliy. Three parties are involved in complying with this International Standard: the health car
sterilizer manufacturer and the medical device manufacturer, the assignment of responsibil
mears used to undertake these responsibilities might be as follows.

ﬁai’t,
flesponsibilities for the elements can vary from case to case.

brganization accepting responsibilities for defined elements is required to assign these
priately trained and qualified personnel.

er to illustrate the variety of possible allocations of responsibility, three §ample scenarios g
. These scenarios are not intended to be all-inclusive.

uality management system elements: each party has-its own quality management system.
sponsibility of each party are laid down in formal:contracts.

terilizing agent characterization: the health "care facility has agreed to a contract to
terilization system from a sterilizer manufacturer; this sterilizer manufacturer accepts res
terilizing agent characterization and has-the resultant data on file. The health care facility h
ese data and, prior to making the-decision to purchase, has reviewed the sterilizer manufa
nd the data available in the published scientific literature.

rocess/equipment characterization: the sterilizer manufacturer has undertaken the proce
haracterization, developéd)the equipment specification and has the necessary regulatory
lace the product on the market. The health care facility reviews the equipment sp
onjunction with thetsterilizer manufacturer to confirm that the services and infrastructure
perate the sterilization equipment are available.

q

Product definition: the health care facility has identified the medical devices that it intends
The instrdctions for reprocessing these medical devices provided by the medical device
include Sinstructions for cleaning and disinfection. Also, these instructions confirm that f
ethod for sterilization is appropriate. The medical device manufacturer has underta

elements to

re presented

health care
b facility, the
ties and the

The limits of

purchase a
ponsibility for
as access to
cturer’s data

5s/equipment
approval to
ecification in
hecessary to

0 reprocess.
manufacturer
he proposed
ken process

éfinition studies in collaboration with the sterilizer manufacturer in order to substantiate the

reprocessing

instructions provided. The health care iacility reviews the data on the eifectiveness of its cleaning
processes and confirms they are adequate for the particular device(s) and sterilization process.

Process definition: the sterilizer manufacturer and the medical device manufacturer have collaborated to
define the sterilization process for the particular medical devices and have included the relevant
instructions within each of their instructions for use. The necessary regulatory approvals have been
obtained. The health care facility reviews the documentation and confirms that it has the capability to
follow these instructions.

Validation: the health care facility contracts with the sterilizer manufacturer to undertake 1Q and OQ in
accordance with documented procedures. The health care facility undertakes PQ and then reviews and
approves the validation exercise.
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— Routine monitoring and control: the health care facility undertakes the routine control and monitoring in
accordance with its documented procedures.

— Product release from sterilization: the health care facility undertakes product release from sterilization in
accordance with its documented procedures.

— Maintaining process effectiveness: the health care facility accepts responsibility for maintaining process
effectiveness. It contracts with the sterilizer manufacturer to undertake planned preventative maintenance
and calibration. It defines procedures for requalification. The health care facility defines procedures for the
periodic reassessment of the effectiveness of the cleaning and disinfection processes.

Scenario 2 dical-device—manufacturer—usin ouse—facilities:
sterilization process is a manufacturer of single-use medical devices who is ins q
sterilization. [The parties involved are the medical device manufacturer and the sterilizer manufacturer} The
allocation of fesponsibilities and the means used to undertake these responsibilities might be as follows.

— Quality management system elements: each party has its own quality management system. The linjits of
responsibility of each party are laid down in formal contracts.

— Sterilizing agent characterization: the sterilizer manufacturer has undertaken the sterilizing agent
charactgrization and made the data available to the medical device manufacturer.

— Processfequipment characterization: the sterilizer manufacturer ~has developed an equigment
specificgtion, including a control system for the equipment, which<is ‘capable of being programmgd to
deliver g predefined process.

— Product|definition: the medical device manufacturer is responsible for the specification of the produdt and
its manyfacture.

— Process|definition: the medical device manufacturer défines a process for the particular medical devjce(s)
to be sferilized. The medical device manufacturer, undertakes the biological safety assessmentg and
product | compatibility studies. In this instance,” these studies are conducted using experimental
sterilizajon equipment.

— Validatign: the medical device manufacturer undertakes validation using the sterilization equipment|to be
used rodtinely, confirming that it is capable of delivering the defined sterilization process.

— Routine [control and monitoring:.this'is carried out by the medical device manufacturer in accordancg with
documenpted procedures.

— Product|release from sterilization: this is carried out by the medical device manufacturer in accordance
with documented procedures.

— Maintairfing process effectiveness: this is carried out by the medical device manufacturer in accordance
with documented procedures.

Scenario 3 +—Medical device manufacturer using a sterilization subcontractor: in this scenario, thg user
of the sterilization process is a manufacturer of single-use medical devices who is using a sterilization
subcontractor to deliver the sterilization process. Additionally, the medical device manufacturer is using a
contract laboratory to undertake defined testing as part of the product release procedures. The parties
involved are the medical device manufacturer, the sterilization subcontractor, and the contract laboratory. The
allocation of responsibilities and the means used to undertake these responsibilities might be as follows:

— Quality management system elements: each party has its own quality management system. The limits of
responsibility of each party are laid down in formal contracts.

— Sterilizing agent characterization: the sterilization subcontractor has licensed the sterilization process
from a separate organization that characterized and developed the sterilization process. The process
developer has undertaken the sterilizing agent characterization and made the resultant data available to
the sterilization subcontractor and the medical device manufacturer.
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Process/equipment characterization: the sterilization subcontractor has developed an equipment
specification, including a control system for the equipment, which is capable of being programmed to
deliver a predefined process. A sterilizer manufacturer has been contracted to manufacture and install the

specified equipment.

Product definition: the medical device manufacturer is responsible for the specification of the product and

its manufacture.

Process definition: the medical device manufacturer defines a process for the particular medical device(s)
to be sterilized. The medical device manufacturer undertakes the biological safety assessments and

product compatibility studies. In this instance, these studies are conducted using

experimental

teritizatiormrequiprmernt:

alidation: the sterilization subcontractor undertakes IQ and OQ in accordance‘\with
rocedures. The medical device manufacturer then undertakes PQ using the installed
quipment, confirming that the equipment is capable of delivering the defined sterilization
edical device manufacturer reviews and approves the validation exercise. A contract lab
erform microbiological testing in accordance with methods agreed with the medical device n

outine control and monitoring: this is carried out by the sterilizatien.subcontractor and
boratory in accordance with documented procedures agreed with the. medical device manu

roduct release from sterilization: this is carried out by the miedical device manufacturer i

ontract laboratory.
aintaining process effectiveness: the sterilization sibcontractor carries out equipment mair

uality of the product prior to sterilization and’takes responsibility for requalification; the
ubcontractor carries out any necessary repetition of part or all of IQ or OQ.

Product realization

In 1ISO 13485, the requirements for product realization relate to the product lifecycle from the d¢
er requirements, design and development, purchasing, control of production, and calibration of n
ring devices.

.1 Requirements for purchasing are specified in 7.7 of 1ISO 13485:2003. In particular,
that the requirements in 7.4 of ISO 13485:2003 for the verification of purchased produc
ct and services.reCeived from outside the organization.
.2 Reguirements for identification and traceability are specified in 7.5.3 of ISO 13485:20

.3
3485:2003.

documented

sterilization
process. The
bratory might
hanufacturer.

the contract
acturer.

accordance

ith documented procedures, on the basis of records provided by the sterilization subcontractor and the

tenance and

alibration in accordance with documented procedures. The medical device manufacturer fnaintains the

sterilization

btermination of
honitoring and

it should be
t apply to all

03.

Requirements for calibration of monitoring and measuring devices are specifigd in 7.6 of

E.4.4 Measurement, analysis and improvement — Control of non-conforming product

In 1ISO 13485, the requirements for measurement, analysis and improvement relate to process monitoring,
control of non-conforming product, analysis of data and improvement (including corrective and preventive
actions).

Procedures for control of non-conforming product and corrective action are specified in 8.3 and 8.5.2
respectively of ISO 13485:2003.
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E.5 Sterilizing agent characterization

E.5.1 General

No guidance

E.5.2 Steri

No guidance

E.5.3 Micrgbicidal effectiveness

E.5.3.1
meet the cri
are to:

— provide
establish
should b

— develop
exposur
from the
neutraliZ

— define th

— identify
microbid

— characts
time/dos
microord

— define tf
the prob
obtained

Guidance s
agent agains

1) todemo
of the st

offered.

lizing agent

offered.

any chemicals and processes can be shown to have antimicrobial activity. Not all_how

a definition of the sterilizing agent and the associated process and equipment sufficie
and maintain reproducible conditions for studies on microbicidal effectiveness; this a
e documented;

and validate methods for the growth of microorganisms and their inoculation on to carrie

carriers and estimation of the fraction of exposed carriers. rendered sterile; the necessi
ation of residues of the sterilizing agent should be considéred [see the guidance in E.5.3.1 g

e microbicidal activity of the sterilizing agent against\different types of microorganism;

the highly resistant microorganism(s) [reféreAce microorganism(s)] appropriate for de
| inactivation studies;

rize the microbicidal activity of the sterilizing agent in regard to concentration/potency, exp
e, and/or other variables that cauld effect the microbicidal activity using the highly res|
anism(s);

e kinetics of microbial inactivation; confirm that the lethal action can be extrapolated to p
ability of a microorganism-surviving exposure to a defined treatment using the inactivation
with the highly resistant microorganism(s).

pecific to 5.3.1-a):“qualitative studies can be used to test the activity of the candidate ster
t a range of microorganisms. The purpose of these studies is two-fold:

erilizing-agent;

ever,

ria for a sterilizing agent. The intent and approach of the studies on microbicidal ‘effectivgness

nt to
Clivity

rs for

e to the sterilizing agent; these procedures include recovery,and enumeration of microorgafisms

ty for
)l;

failed

bsure
stant

redict
data

lizing

hstrate_that’a range of different types of microorganism is sensitive, to some degree, to the gction

2) to choos

e one or more highly resistant microorganisms for more quantitative inactivation studies

If, during these studies, bacterial spores are found to be essentially insensitive to the action of the candidate
sterilizing agent, the use of the candidate sterilizing agent for sterilization applications is not permissible. The
candidate sterilizing agent might, however, be suitable for other purposes, e.g. low-level disinfection.

Further information can be found in the references cited in the Bibliography.

26

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=81373a36352d44d059f9afcaaf0e60f2

ISO 14937:2009(E)

Guidance specific to 5.3.1 b): quantitative microbial inactivation studies are undertaken to demonstrate that
the sterilizing agent, when applied in a defined manner, can reliably yield calculable numbers of surviving
microorganisms. These studies generally involve the use of graded exposure to or contact with the sterilizing
agent to generate survival data defining the inactivation of the previously identified highly resistant
microorganism(s). To define the upper section of the microbial survival curve, direct enumeration methods are
generally used. For the section of the curve where there is a low number of survivors occurring, fraction
negative data are employed. In the construction of such survival curves, the practical lower limit of estimation
of average numbers of surviving microorganisms is 0,01. The extent of treatment to provide a probability of a
surviving microorganism lower than this limit is inferred by extrapolation.

The empirical relationship can, for example, be defined in an equation or represented as a graph relating

exten
prese

In sifuations where the survival curve is log-linear, i.e. a plot on semi-log paper yields ja stra
extra
straig
proba
resul

Dem

inact
recov
expo
expo
relati

NOTH 1
carrie
radiol

Micrg
the d
in sp

and

exan
performance can be carried out.in-house or in a contract laboratory.

Guidance specific to 5.3!1 ¢): selection of test microorganisms for microbial inactivation studi
justifi

1)

uuuuuuuuuuu

nted in a tabulation of values.

bolation is readily performed. A curve that is concave in relation to the X-axis~can, when

bility of survival of a microorganism. Caution shall be used if the microbial inactivation stud
that is best approximated by a survivor curve that is convex in relation tothe X-axis.

pbnstration of the lethal action of the sterilizing agent over a range ‘sufficient to define

vation kinetics requires an adequate number of viable microorganisms to be initially pre
erable from carriers. In studies requiring quantitative enumeration of surviving organisms
sed to graded treatments of the sterilizing agent, the ndmbers of microorganisms reg
5ed carriers are compared to those recovered from the unexposed controls to construct su
ng log proportion of microorganisms surviving to the extent of treatment.

Microbial inactivation and failure to recover viable*test microorganisms from the surface of
I exposed to the sterilizing agent might not be distinguishable. In this context, use of tracer ag
hbelled microorganisms) could be useful.

esign and validation of the test methods, particular attention should be paid to test conditio
Urious data arising from, for example;‘inadequate recovery conditions, the occurrence of m
alse positives. Loss of viability: of surviving microorganisms should be considered aris
ple, transport of test materials'to a contract laboratory. Development of the test methods

ed. Methods to be.qualified could include:

growth, maintenance, and enumeration of the selected test organism;

may also be

ght line and
fitted with a

ht line, yield a somewhat conservative estimate of the extent of treatment needed to attain a defined

es indicate a

he microbial
sent on and
from carriers
overed from
rvivor curves

an inoculated
ents (such as

bial inactivation studies require the use of\test methods validated for the specific sterilizing agent. During

hs that result
crobiostasis,
ng from, for
and/or their

bs should be

2) preparation,of consistent inocula of test microorganisms;

3) iphoculation of microorganisms on to carriers. Inoculation on to carriers should be carried oug in a defined
gnd/reproducible manner. The effects of drying the inoculum and storage of the carriers (Under defined
conditions) upon organism viability and resistance to the sterilizing agent should be considered. The
carriers should neither inhibit nor potentiate the action of the sterilizing agent upon the inoculated
microorganisms.

4) quantitative assessment of inactivation of microorganisms on carriers exposed to a sterilizing agent and
recovery of microorganisms from carriers following exposure to a sterilizing agent.

NOTE 2 See also Note 1.
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Guidance specific to 5.3.1 d): studies on sterilizing agent characterization may be performed with laboratory,
prototype or routine production-type equipment. For each situation, sufficient definition of the sterilizing agent

and equipme

nt is required in order to ensure reproducible conditions.

Consideration should be given to a reproducible set-up and operation of equipment and the monitoring and
control of variables that can affect the outcome of the microbial inactivation studies. Operational aspects of
inactivation studies vary according to the complexity of the sterilizing agent and/or equipment. For example,
inactivation studies with a liquid chemical sterilizing agent performed in a simple glass vessel will be, by
nature, much less complex than those with a gas plasma agent.

Regardless of the complexity, the set-up for each study should be documented; any changes to the set-up

and their eff

ect on the outcome of microbial inactivation studies should be assessed and docume

nted.

Operation of
with a previo
recorded tog

Guidance s
Guidance s
Guidance s
to ensure th

effects due
effects can b

1) dilution
2) removal
3) neutraliz

appropri
If a seconda
absence of

!

the equipment and the performance of studies should preferably be conducted in accorg
usly written procedure. Data defining the conditions of exposure to the sterilizing agent-shou
ether with the microbiological and any other test measurements.

ecific to 5.3.1 e): no guidance offered.

ecific to 5.3.1 f): no guidance offered.

pecific to 5.3.1 g): before commencing any investigation of microbial inactivation, it is nece
bt the results of the investigation are not influenced adversely by(microbicidal or microbio
o carry-over of the sterilizing agent or its residual derivatives\into the recovery system;
e reduced by:

bf the sterilizing agent;

of the sterilizing agent;

ation of the microbicidal or microbiostatic action of the sterilizing agent by reaction wi
ate agent.

y host such as cell culture is used as the detection system for the survival of test organism
Carry-over effects on the cell culture-system itself should also be demonstrated. Cytotg

controls shodld also be included to determine the’effect of the sterilizing agent on the cell culture system

for detection
to the residu
ten) can be |

The choice d

of test organisms. In addition,a challenge of the defined cell culture system previously ex
bl levels of sterilizing agentiand its derivatives, if any, with a low level of microorganisms (a
sed to show that the enutneration assay is functional.

f neutralizing system-is’influenced by the nature of the sterilizing agent. The effectiveness

chosen neuttalizing agent shotld‘be demonstrated prior to the commencement of inactivation studies.

E.5.3.2

E.5.4 Effed

E.5.4.1

No guidance_offered.

ts on ‘materials

This) subclause considers the effects of the sterilizing agent on material likely to be us

ance
Id be

5sary
static
such

h an

5, the
Xicity
used
osed
ound

bf the

bd to

manufacture

product 1o be sterilized. Both short-term and long-term effects on materials snould be asse

Consideration of effects of the sterilizing agent on product is given in Clause 7.

E.5.4.2

E.5.4.3

Consideration should include the short-term and long-term effects of repeated exposures.

No guidance offered.

E.5.5 Safety and the environment

E.5.5.1

E.5.5.2

No guidance offered.

provides guidance on designing a life cycle assessment study.
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