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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-govern
Internationg

Internationg
The main t
adopted by

Internationg

Attention is
rights. ISO

ISO 11135

ISO 11135
Ethylene ox

mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 198, Sterilization of health care products.

consists of the following parts, under the general title \Sterilization of health care product
ide:

the

ards
an

tent

— Part 1:|Requirements for development, validation and routine control of a sterilization process for medlical
device$

— Part 2:|Guidance on the application of ISO 111351

ISO 11135{1, together with  I1SO 111352, cancels and replaces 1SO 11135:1994 |and

ISO 11135-4/Cor. 1:1994, which have been technically revised.

This corrected version of ISO 11135-1:2007 includes the following corrections:

— page iy, Foreword: the sentence “ISO 11135-1, together with 1ISO 11135-2, cancels and replaces| .....
technidally revised.” has been added.
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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 in
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purpose of sterilization is to inactivate the microbiological contaminants and thereby transform the
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rdance with the requirements for quality management Systems (See for example 15O 13485)
lization, have microorganisms on them, albeit in low numbers. Such medical devices are non

ical devices into sterile ones.

kinetics of inactivation of a pure culture of microorganisms by physical and/or chemical age
lize medical devices can generally best be described by an exponential relationship between t
hicroorganisms surviving and the extent of treatment with the ethylene oxide; inevitably this
e is always a finite probability that a microorganism may survive regatdless of the extent ¢
ied. For a given treatment, the probability of survival is determined by the number and re
oorganisms and by the environment in which the organisms exist\during treatment. It follo
lity of any one medical device in a population subjected to sterilization processing cannot be
the sterility of a processed population is defined in terms{ of the probability of there bei
oorganism present on a medical device.

part of ISO 11135 describes requirements that, if met, will provide an ethylene oxide sterilizaf
hded to sterilize medical devices, which has apprapriate microbicidal activity. Furthermore,
the requirements ensures that this activity is both reliable and reproducible so that it can b
reasonable confidence, that there is a low. level of probability of there being a viable mig
ent on product after sterilization. Specification*of this probability is a matter for regulatory aut|
vary from country to country (see for example EN 556-1 and ANSI/AAMI ST67).

eric requirements of the quality management systems for design and development, production
servicing are given in ISO 9001 and particular requirements for quality management systems
ce production are given in 1IS0:\13485. The standards for quality management systems recogr
bin processes used in manpufacturing or reprocessing, the effectiveness of the process can
ied by subsequent inspection and testing of the product. Sterilization is an example of such a
reason, sterilization (processes are validated for use, the performance of the sterilizati
itored routinely anddheequipment maintained.

psure to a properly validated, accurately controlled sterilization process is not the only facton
the provision<of reliable assurance that the product is sterile and, in this regard, suitable for
Attentionris‘therefore given to a number of considerations including:

theamicrobiological status of incoming raw materials and/or components;

hay, prior to
sterile. The
non-sterile
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means that
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associated
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thevatidatiormandroutimecontrotof any cleaningamddisinfectiomprocedures used-omrtheprod

uct;

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

packaged;

the control of equipment and processes;

the control of personnel and their hygiene;

the manner and materials in which the product is packaged;

the conditions under which product is stored.
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The type of contamination on a product to be sterilized varies and this impacts upon the effectiveness of a
sterilization process. Products that have been used in a health care setting and are being presented for
resterilization in accordance with the manufacturer's instructions (see 1SO 17664) should be regarded as a
special case. There is the potential for such products to possess a wide range of contaminating
microorganisms and residual inorganic and/or organic contamination in spite of the application of a cleaning
process. Hence, it is important to pay particular attention to the validation and control of the cleaning and

disinfection

processes used during reprocessing.

The requirements are the normative parts of this part of ISO 11135 with which compliance is claimed. The
guidance given in the informative annexes is not normative and is not provided as a checklist for auditors. The
guidance provides explanations and methods that are regarded as being suitable means for complying with

the require
achieving c

The develo
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qualification
of ISO 1113
not require
not necess
that perforr
each of wh
particular in

When deteqmining the suitability of ethylene oxide (EO) for sterilization 6f medical devices, it is important

patient safg
glycol (EG)

ments. Methods other than those given in the guidance may be used if they are effectiv
bmpliance with the requirements of this part of ISO 11135.

bment, validation and routine control of a sterilization process comprises a number of ‘discrete

activities; e.g. calibration, maintenance, product definition, process definition, installg
, operational qualification and performance qualification. While the activities required by this
5 have been grouped together and are presented in a particular order, this part of ISO 11135 g
that the activities be performed in the order in which they are presented. The activities required
brily sequential, as the programme of development and validation may. be iterative. It is posg
hing these different activities will involve a number of separate individuals and/or organizati
om undertakes one or more of these activities. This part of IS©¥1135 does not specify
dividuals or organizations to carry out the activities.

ty is addressed by minimizing exposure to residual EO ethylene chlorohydrin (ECH) and ethy
during normal product use (see ISO 10993-7).
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Sterilization of health care products — Ethylene oxide —

Part 1:
Requirements for development, validation and routine control

of a sterilization process for medical devices

1

This
ethy

NOT
prov

Stetilization processes validated and controlled in accordance.with the requirements of this part of

are
scrg
bee
age
NOT
Thig

NOT

example EN 556-1 or ANSI/AAMI ST67.

This
prog

NOT
valig
be ¢
man
mini
part
ofa

Scope

part of ISO 11135 specifies requirements for the development, validation and routine cq
lene oxide sterilization process for medical devices.

E 1  Although the scope of this part of ISO 11135 is limited to medical devices, it specifies requ

ides guidance that may be applicable to other health care products.

not assumed to be effective in inactivating the causative ‘agents of spongiform encephalopath
pie, bovine spongiform encephalopathy and Creutzfeld“Jacob disease. Specific recommend

n produced in particular countries for the processing of materials potentially contaminated
nts.
E 2 See for example ISO 22442-1, ISO 22442-2 and 1SO 22442-3.

part of ISO 11135 does not detail a speeified requirement for designating a medical device as

E 3 Attention is drawn to national‘er regional requirements for designating medical devices as “ste

part of ISO 11135 doe€s ;not specify a quality management system for the control of a
uction of medical devices.

ation and routing control of a sterilization process for medical devices. Such procedures are commonly

ntrol of an

rements and

ISO 11135
ies such as
ations have
with these

sterile.

rile”. See for

| stages of

E4  The effectiveimplementation of defined and documented procedures is necessary for the ¢evelopment,

onsidered to

lements of a_duality management system. It is not a requirement of this part of ISO 11135 to have a cor]
agement system during manufacture or reprocessing, but the elements of a quality management syste

complete quality management system and the assessment of that system by a third party.

hplete quality
that are the

Mum necessary to control the sterilization process are normatively referenced at appropriate places in the text (see in
cular Clause 4). National and/or regional regulations for the provision of medical devices might require implementation

This part of ISO 11135 does not specify requirements for occupational safety associated with the design and
operation of ethylene oxide sterilization facilities.

NOTE 5 For further information on safety, see examples in the Bibliography. National or regional regulations may also
exist.
NOTE 6 Ethylene oxide is toxic, flammable and explosive. Attention is drawn to the possible existence in some

countries of regulations giving safety requirements for handling ethylene oxide and for premises in which it is used.

This part of ISO 11135 does not cover sterilization by injecting ethylene oxide or mixtures containing ethylene
oxide directly into individual product packages, or continuous sterilization processes.

© 1SO 2007 — All rights reserved
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This part of ISO 11135 does not cover analytical methods for determining levels of residual ethylene oxide
and/or its reaction products.

NOTE 7

NOTE 8

For further information see ISO 10993-7.

residues present on or in medical devices and products.

2 Norm

ative references

Attention is drawn to the possible existence of regulations specifying limits for the level of ethylene oxide

The followi
references,
document (

ISO 10012,
equipment

ISO 10993-
ISO 10993-

ISO 11138
requiremen

ISO 111384
for ethyleng

ISO 11140-

ISO 11737-

hg referenced documents are indispensable for the application of this document. ForAd

only the edition cited applies. For undated references, the latest edition of the referern
ncluding any amendments) applies.

Measurement management systems — Requirements for measurement processes~and meast
|, Biological evaluation of medical devices — Part 1: Evaluation and testing
[, Biological evaluation of medical devices — Part 7: Ethylene oxide sterilization residuals
1:2006, Sterilization of health care products— Biologieal. indicators — Part1: Gen

N

P:2006, Sterilization of health care products — Biologicakindicators — Part 2: Biological indicg
oxide sterilization processes

|, Sterilization of health care products — Chemicaliindicators — Part 1: General requirements

|, Sterilization of medical devices — Microbjelogical methods — Part 1: Determination of a populg

of microorganisms on products

ISO 11737-
the validatio

ISO 13485:

ISO 14161,
interpretatig

ISO 14937:
sterilizing g
devices

P Sterilization of medical devices - Microbiological methods — Part 2: Tests of sterility performg
n of a sterilization process

P003, Medical devices —,Quality management systems — Requirements for requlatory purpos

Sterilization of health eare products — Biological indicators — Guidance for the selection, use
n of results

P000, Sterilization of health care products — General requirements for characterization

3 Terms-and-definitions

hted
ced

ring

eral

tors

ation

d in

S

and

bf a

gent and-thé development, validation and routine control of a sterilization process for medlical

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

3.1
aeration

part of the sterilization process during which ethylene oxide and/or its reaction products desorb from the
medical device until predetermined levels are reached

NOTE

This may be performed within the sterilizer and/or in a separate chamber or room.

© 1SO 2007 — All rights reserved
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3.2

ISO 11135

aeration area

eith

3.3

er a chamber or a room in which aeration occurs

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

[ISO/TS 11139:2006, definition 2.2]

34

-1:2007(E)

biological indicator

test

system containing viable microorganisms providing a defined resistance to a specified

prog¢ess

[ISQ/TS 11139:2006, definition 2.3]

3.5
cali
set
indi

pration
of operations that establish, under specified conditions, the relationship’ between values o
cated by a measuring instrument or measuring system, or values represénted by a material m

reference material, and the corresponding values realized by standards

[VIM:1993, definition 6.11]

3.6

chemical indicator

test
phy:

system that reveals a change in one or more predefined process variable(s) based on a
sical change resulting from exposure to a process

[ISQ/TS 11139:2006, definition 2.6]

3.7

corlditioning
treq

ment of product within the sterilization cycle, but prior to ethylene oxide admission,

predetermined temperature and relative humidity

NOTE This part of the sterilization cycle can be carried out either at atmospheric pressure or under vacu

Segq 3.25, preconditioning.

3.8

D value

D1g

value

timg or radiation dose required to achieve inactivation of 90 % of a population of the test microorga

stat

bd-conditions

sterilization

 a quantity
easure or a

chemical or

to attain a

um.

nism under

[ISO/TS 11139:2006, definition 2.11]

NOTE For the purposes of this part of ISO 11135, the D value refers to exposure time.

3.9

development
act of elaborating a specification

[ISO/TS 11139:2006, definition 2.13]

© 1SO 2007 — All rights reserved
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3.10
establish

determine by theoretical evaluation and confirm by experimentation

[ISO/TS 11139:2006, definition 2.17]

3.11

ethylene oxide injection time
duration of the stage beginning with the first introduction of ethylene oxide into the chamber and ending when
addition of ethylene oxide gas or the ethylene oxide gas mixture ceases

3.12
exposure t
period for W

[ISO/TS 11

NOTE i
ethylene oxig

3.13
fault

me
hich the process parameters are maintained within their specified tolerances

39:2006, definition 2.18]

or the purposes of this part of ISO 11135, it is the period of the sterilization cycle between the end o
e injection time and the initiation of ethylene oxide removal.

one or morg¢ of the process parameters lying outside of its/their specified tolérance(s)

[ISO/TS 11

3.14
flushing
procedure |

a)

b) continy
3.15
fractional ¢
process in

3.16
half cycle
sterilization

3.17

health care
medical de
biopharmag

39:2006, definition 2.19]

y which the ethylene oxide is removed from the load and chamber by either

multipl¢ alternate admissions of filtered air or inert gas and evacuations of the chamber or

ous passage of filtered air or inert gasthrough the load and chamber

ycle
vhich the exposure time is reduced compared to that specified in the sterilization process

cycle in which theZexposure time is reduced by 50 % compared with the sterilization process

product
vice(s)\.including in vitro diagnostic medical device(s), or medicinal product(s), inclu
euticals

f the

ding

[ISO/TS 11139:2006, definition 2.20]

3.18

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]

© 1SO 2007 — All rights reserved
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3.19

medical device

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

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

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

— | control of conception,
— |disinfection of medical devices,

— | providing information for medical purposes by means of in vitro examination of Specimens derived from
the human body

and| which does not achieve its principal intended action in or on the‘“human body by pharmacological,
immunological or metabolic means, but which may be assisted in its funétion by such means

[1ISQ 13485:2003, definition 3.7]
NOTE This definition from ISO 13485:2003 was developed by the.Global Harmonization Task Force (GHTF 2002).

3.2(
microorganism
an entity of microscopic size, encompassing bacteria;fungi, protozoa and viruses

NOTE A specific standard might not require~demonstration of the effectiveness of the sterilization process in
inactivating all types of microorganisms identified” in the definition above for validation and/or routine control of the
sterijization process.

[ISQ/TS 11139:2006, definition 2.26]

3.21
opédrational qualification
oQ
progess of obtaining and-documenting evidence that installed equipment operates within predetermined limits
when used in accordance with its operational procedures

[ISQ/TS 11139:2006, definition 2.27]

3.22

overkill
ste:IIization process that is demonstrated as delivering at least a 12 Spore Log Reduction (SLR) to|a biological

indicator having a resistance equal to or greater than the product bioburden

3.23

parametric release

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

[ISO/TS 11139:2006, definition 2.29]

NOTE This method of process release does not include the use of biological indicators.

© 1SO 2007 — All rights reserved 5
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3.24

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 its specification

[ISO/TS 11139:2006, definition 2.30]

3.25

preconditioning

treatment
temperatur

3.26
process ch
PCD
item design
of the proce

[ISO/TS 11

3.27

process pgrameter

specified v
NOTE
[ISO/TS 11

1

3.28

process vdriable

condition w
EXAMPLE
[ISO/TS 11

3.29
product
result of a p

[ISO 9000:4

NOTE i
sub-assembl

3.30

and relative humidity

allenge device

ed to constitute a defined resistance to the sterilization process and used tojassess performa
SS

39:2006, definition 2.33]

lue for a process variable

[he specification for a sterilization process includes the process‘\parameters and their tolerances.

39:2006, definition 2.34]

thin a sterilization process, whose changes alter microbicidal effectiveness

Time, temperature, pressure, concentfation and humidity.

39:2006, definition 2.35]

rocess
005, definition 3.4:2]

or the purposes-of sterilization standards, product is tangible and can be raw material(s), intermediat
y(ies) and health care products.

product lo
defined sp

d-volume

for

nce

e(s),

e-within the usable chamber volume occupied by product

3.31

recognized culture collection
depository authority under the Budapest Treaty on The International Recognition of the Deposit of
Microorganisms for the Purpose of Patent and Regulation

[ISO/TS 11139:2006, definition 2.38]

3.32

reference microorganism
microbial strain obtained from a recognized culture collection

[ISO/TS 11139:2006, definition 2.39]

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=854f3159a6a3aa86bc8bee5698c24fa9

ISO 11135-1:2007(E)

3.33
requalification
repetition of part of validation for the purpose of confirming the continued acceptability of a specified process

[ISO/TS 11139:2006, definition 2.40]
3.34
services

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

EXAMPLE Electricity, water, compressed air, drainage.

[ISQ/TS 11139:2006, definition 2.41]

3.34
spegcify
stipulate in detail within an approved document

[ISQ/TS 11139:2006, definition 2.42]

3.3
Spqgre Log Reduction
SLR
factpr, expressed as the logarithm to base 10, describing the reduction in the number of spores onj|a biological
indicator produced by exposure to specified conditions

NOTE SLR can be calculated as the log of the initial population minus the log of the final population of the biological
indigator. See below:

SLR =log Ny - log N,
whefe
N, is the final population of the biologicalindicator;

u

N, s the initial population of the biolegical indicator.

If theére are no survivors, the true SR cannot be calculated. If one positive or surviving organism is assumeg, the SLR is
repdrted as “greater than” log Ny

3.3%
sterile
free| from viable microorganisms

[ISQ/TS 1113932006, definition 2.43]

3.3
sterility
state of being free from viable microorganisms

NOTE In practice, no such absolute statement regarding the absence of microorganisms can be proven
See 3.40, sterilization.

[ISO/TS 11139:2006, definition 2.45]
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3.39

sterility assurance level

SAL

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

NOTE

The term SAL takes a quantitative value, generally 1076 or 10-3. When applying this quantitative value to

assurance of sterility, an SAL of 1078 has a lower value but provides a greater assurance of sterility than an SAL of 1073,

[ISO/TS 11139:2006, definition 2.46]

3.40

sterilizatio
validated p

NOTE |
of a microorg
a very low ny

See 3.39, s
[ISO/TS 11

3.41

sterilizatio
treatment i
exposure tg

3.42
sterilizatio
product to 4

[ISO/TS 11

3.43
sterilizatio
series of ag

[ISO/TS 11
NOTE T
defined cong

does not incl

3.44

sterilizing agent

physical or
under defin

rt)cess used to render product free from viable microorganisms

n a sterilization process, the nature of microbial inactivation is described as exponential and, thus, the sur
anism on an individual item can be expressed in terms of probability. While this probability«<an be reduct
mber, it can never be reduced to zero.

erility assurance level.

39:2006, definition 2.47]

n cycle
N a sealed chamber comprising air removal, conditioning (if used), injection of ethylene ox
ethylene oxide, removal of ethylene oxide and flushing (if\used), and air/inert gas admission

h load
e, or that has been, sterilized together using a given sterilization process

39:2006, definition 2.48]

N process
tions or operations needed to_achieve the specified requirements for sterility

39:2006, definition 2.49]
[his series of actions groperations includes pretreatment (if necessary), exposure to the ethylene oxide u

itions and any necessary post-treatment required for the removal of ethylene oxide and its by-produc|
Lide any cleaning; disinfection or packaging operations that precede the sterilization process.

chemical entity, or combination of entities, having sufficient microbicidal activity to achieve ste|
bd-conditions

vival
ed to

ide,

nder
Is. It

rility

[ISO/TS 11139:2006, definition 2.50]

NOTE

and a diluent.

3.45

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

[ISO/TS 11139:2006, definition 2.51]

With respect to this part of ISO 11135, the sterilizing agent is ethylene oxide or a mixture of ethylene oxide
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3.46

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

[ISO/TS 11139:2006, definition 2.53]

3.47

usable chamber volume

defined space within the sterilizer chamber, which is not restricted by fixed or mobile parts and which is
available to accept the sterilization load

EXAIMPLE The available space on a pallet of defined dimensions.

NOTE The volume allowed for circulation inside the chamber is not included as usable space.
3.4LL

validation

docpmented procedure for obtaining, recording and interpreting the results required to establish that a process
will ponsistently yield product complying with predetermined specifications

[ISQ/TS 11139:2006, definition 2.55]

4 |Quality management systems

4.1 Documentation

4.1.1 Procedures for development, validation, routine control and product release from sterilizafion shall be
spegified.

41.2 Documents and records required\by this part of ISO 11135 shall be reviewed and approved by

des|gnated personnel (see 4.2.1). Documents and records shall be controlled in accordange with the
applicable clauses of ISO 13485.

4.2 Management responsibility
4.2.1 The responsibilitytand authority for implementing and meeting the requirements described in this part
of 18O 11135 shall be specified. Responsibility shall be assigned to competent personnel in accordance with
the ppplicable clausesiof ISO 13485.

4.2 If the requirements of this part of ISO 11135 are undertaken by organizations with sepgrate quality
management.systems, the responsibilities and authority of each party shall be specified.

4.3| /Product realization

4.3.1 Procedures for purchasing shall be specified. These procedures shall comply with the applicable
clauses of ISO 13485.

4.3.2 Procedures for identification and traceability of product shall be specified. These procedures shall
comply with the applicable clauses of ISO 13485.

4.3.3 A system complying with the applicable clauses 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 part of ISO 11135.
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4.4 Measurement, analysis and improvement — Control of nonconforming product

Procedures for control of product designated as nonconforming and for correction, corrective action and
preventive action shall be specified. These procedures shall comply with the applicable clauses of ISO 13485.

5 Sterilizing agent characterization

5.1 Steri

lizing agent

The compo

NOTE

and a diluent.

5.2 Micr

Microbicida
range of co

NOTE 1
This literaturs
to these gen

5.3 Material effects

The effects
comprehen
devices tha
specific stu
product (se|
against whi

5.4 Envi
5.41 Thq
and measu
measures f

5.4.2
regarding t

6 Procé€

| effectiveness data shall be developed if it is proposed to use the ethylene'oxide outside of

Usgrs of ethylene<oxide shall comply with applicable local, national and international requirem

BItion, storage conditions and shelt lite Tor the sterilizing agent shall be specified.

Vith respect to this part of ISO 11135, the sterilizing agent is ethylene oxide or a mixture of ethylene ¢

bbicidal effectiveness

mpositions that are widely recognized or if a novel diluent is to be used;

[he inactivation of microorganisms by ethylene oxide has been comprehensiyely documented in the literg
b provides a knowledge of the manner in which the process variables_affect microbial inactivation. Refer
bral studies on microbial inactivation is not required by this part of ISO.11135.

of ethylene oxide on a wide variety of materials used to manufacture medical devices have b

lies on material effects, but does require performance of studies of the effects of ethylene oxid
e Clause 7). The materials and outcomes-of all tests shall be recorded, together with the cri
ch the properties of materials were assessed.

ronmental considerations

potential effect on the environment of the operation of the sterilization process shall be asses
r'es to protect the environment shall be identified. This assessment, including potential impact
br control, shall be doeumented.

e emission and-disposal of ethylene oxide and its diluents.

ss<and equipment characterization

xide

the

ture.
bnce

een

bively documented and such documentation is oftvalue to those designing and developing medlical
I are to be sterilized by ethylene oxide. This patt’of ISO 11135 does not require the performang

e of
B on
eria

sed
and

ents

6.1

6.1.1

Process characterization

and reproducibly shall be defined and documented.

6.1.2
a) precon
b)

c) aeratio

10

Process characterization shall include:

ditioning (if used);

the sterilization cycle;

n (if used).

The range of process variables and the equipment necessary to deliver the sterilization process safely
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.3 The characterization of the sterilization cycle shall include:

air removal;

conditioning (if used);

ethylene oxide injection;

maintenance of specified conditions for the exposure time;

ethylene oxide removal;

-1:2007(E)

6.1.4 (Pre)treatment of product to achieve specified temperature and humidity, within the lo

acc
Hun

6.1.
oxig

6.1.

6.2

6.2.
sha

NOT
stan

6.2.

flushing (if used);

air/inert gas admission.

bmplished by preconditioning and/or conditioning and shall be performed ‘under controlled
nidity used for the preconditioning and/or conditioning of product shall be generated by steam.

b The tolerances for the process variables, including but not limited\to temperature, humidi
e concentration, pressure/vacuum and time, shall be established,and specified.

b The means of monitoring and controlling the process variables shall be determined and sp

Equipment characterization

1 The specification for the equipment to be used shall be developed and documented. This {
I include the preconditioning area (if used), the sterilizer and the aeration environment.

E Some aspects of the equipment design_may be influenced by national or regional regulatory reg
fards.
P The specification shall include:

description of the equipment, together with any necessary ancillary items, including 1
construction;

composition of the sterilizing agent and the means by which it is delivered to the chamber;

description of @ny other gas(es) used in the process and the means by which they are deli
chamber;

purity and“quality of steam to ensure that it is suitable for its intended use with equipment and

description of instrumentation for monitoring, controlling and recording the sterilization proces

ad shall be
conditions.

ty, ethylene

bcified.

pecification

uirements or

naterials of

ered to the

product;

s, including

h)

B rahbarantarict: ndthaoiel ationas
LQUTTOUT UTTAdTdulivTiolivo Ariu uaivir tuvvdliviilo,
fault(s) recognized by the sterilizing equipment;
safety features, including those for personnel and environmental protection;

installation requirements, including requirements for the control of emissions, if applicable.

6.2.3 Software used to control and/or monitor the process shall be prepared and validated in
with the elements of a quality system that provides documented evidence that the software meets its design
specification.

NOTE For further information, attention is drawn to ISO/IEC 90003.

© 1SO 2007 — All rights reserved
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6.2.4 Means shall be provided to ensure that failure in a control function does not lead to failure in recording
of process parameters such that an ineffective process appears effective.

NOTE This may be achieved either by the use of independent systems for control and monitoring or a by cross-check
between control and monitoring which identifies any discrepancies and indicates a fault.

7 Product definition

7.1 General

7.1.1  Product definition shall be performed prior to the introduction of a new or altered product, package or
loading pattern.

7.1.2 A demonstration of equivalence (with reference to the challenge to the sterilization process) fo a
previously Validated product, package or loading pattern shall be considered to meet the requirement of 7|1
Any demongtration of equivalence shall be documented.

—_

7.1.3 Product shall be designed to allow the penetration of humidity and ethylene ©xide to the most diffifult-
to-sterilize Ipcations.

D

7.1.4 Pagkaging shall be designed to allow removal of air and penetration/of humidity and ethylene oxid

7.1.5 It shall be demonstrated that the specified sterilization process is effective at the most difficult-to-
sterilize locgtion within the product. This may be achieved by a demonstration of equivalence to a previously
validated pfoduct or process challenge device (PCD) used to qualify the sterilization process. Equivalgnce
may also bg demonstrated by performing process definition andvalidation of the new product.

7.2 Product safety and performance

7.21 It shall be confirmed that the product and its packaging meet specified requirements for safety, quility
and performance following the application of the defined sterilization process at the most challenging progess
parameters|for the product/package. The influenee of the tolerances for the process parameters shall be tgken
into considegration.

NOTE Design control is one aspect addressed in ISO 14971.

7.2.2 If multiple sterilization cycles are permitted, the effects of such processing on the product and its
packaging shall be evaluated.

NOTE $ee also ISO 17664.

7.2.3 The biological safety of product following exposure to the sterilization process shall be establishgd in
accordancd with 1ISO*10993-1 and any subsequent parts of ISO 10993 that apply.

7.2.4 Makimum allowable limits for ethylene oxide residuals in ethylene-oxide-sterilized medical deviced are
given in 1ISO T0993-7. Means shall be established to reduce ethylene oxide residual Tevels such that the
processed products comply with the requirements of ISO 10993-7.

7.3 Microbiological quality

7.3.1 A system shall be specified and maintained to ensure that the microbiological quality and cleanliness
of the product presented for sterilization is controlled and does not compromise the effectiveness of the
sterilization process.

7.3.2 The effectiveness of the system defined in 7.3.1 shall be demonstrated. For medical devices to be

supplied for single use, this demonstration shall include an estimation of bioburden at a defined interval in
accordance with ISO 11737-1. For re-usable medical devices, this demonstration shall include an assessment
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of the effectiveness of the specified cleaning and, if applicable, disinfecting process. This shall also include an
assessment of organic and inorganic contamination.

NOTE Requirements for information to be provided for the reprocessing of resterilizable devices are given in
ISO 17664.

7.4 Documentation

The results of product definition shall be documented.

8 |Process definition

8.1| The sterilization process to be validated shall be specified prior to the introduction-of-a ney or altered
prodluct, package or loading pattern.

8.2| Process definition activities shall be performed in a sterilization chamber that has undergongq Installation
Quglification (IQ) and Operational Qualification (OQ) procedures (see 9.1 and 9/2).

Progess definition may be performed in a research sterilizer or in the equipment to be used to [sterilize the
prodluct.

8.3| The sterilization process applicable for the defined product shall be established.

8.4| Documentation and records shall support the validity <of process parameters and their tolerances as
defiped in the process specification.

8.5| The rate of inactivation of the cycle shall be determined using one of the methods described|in Annexes
A of B or by an alternative validated method that demonstrates the achievement of the requjred sterility
assyrance level (SAL).

8.6 | Biological indicators used as part of the establishment of the sterilization process shall:
a) |comply with Clauses 5 and 9.5 of 1SO 11138-2:2006;

b) |be shown to be at least asesistant to ethylene oxide as is the bioburden of product to be ster{lized;

c) |be placed within the preduct at location(s) where sterilizing conditions are most difficult to aghieve or be
placed within a PCD-

If a PCD is uséd,for process definition, validation or routine monitoring and control, the appropriateness of
the PCD shall be determined. The PCD shall be equivalent or more challenging to the procgss than the
most difficult-to-sterilize part of the product.

NOTE For information on the selection, use and interpretation of biological indicators, see ISO 14161.

8.7 —Commerciatty supptiedbiotogicatindicatorsused i thedefinitionof the—steritizatiomprocess should
comply with the applicable clauses of ISO 11138-1.

8.8 If chemical indicators are used as part of the definition of the sterilization process, these shall comply
with ISO 11140-1.

Chemical indicators shall not be used as the sole means of establishing the sterilization process.

8.9 If tests of sterility are performed during the definition of the sterilization process, they shall comply with
ISO 11737-2.

© IS0 2007 — Al rights reserved 13


https://standardsiso.com/api/?name=854f3159a6a3aa86bc8bee5698c24fa9

ISO 11135-1:2007(E)

9 Validation

9.1

9.11

Installation qualification

have been supplied and installed in accordance with their specification.

Installation qualification (IQ) shall demonstrate that the sterilization equipment and any ancillary items

9.1.2 All equipment used to deliver the ethylene oxide, including any ancillary items, shall be established
and specified.

913 Th upc|at;||y procedures-for-theeqtipment (acc 02) shaltbe-specified—Fhese upclatilly procedures
shall include but are not limited to:

a) step-by-step operating instructions;

b) fault cgnditions, the manner in which they are indicated and actions to be taken;

c) instructions for maintenance and calibration;

d) details [of contacts for technical support.

9.1.4 Theg location in which the equipment is to be installed, including,any services required, shal|l be
specified. Any special precautions and provisions shall be identified.

EXAMPLE Verify that storage conditions for ethylene oxide meet the requirements given by the supplier as wgll as
any pertinen{ national, regional or local requirements.

9.1.5 Insfructions for installation shall be documented and,shall include instructions pertinent to the hegalth
and safety ¢f personnel.

9.1.6 Drgwings of the equipment installed, plumbing and other ancillary equipment shall be finaljzed
during 1Q.

9.2 Operational qualification

9.21 Prigr to operational qualification® (OQ), the calibration of all instrumentation (including any [test
instruments) used for monitoring, controlling, indicating or recording shall be confirmed (see 4.3.3).

9.2.2 Operational qualificationZ(OQ) shall demonstrate that the installed equipment is capable of delivdring
the specifief process (see Clause 8) within defined tolerances.

0OQ is carrigd out eithefiwith unloaded equipment or using appropriate test material.

9.3 Performance qualification

9.3.1 Generat

9.3.11 Performance qualification (PQ) shall be performed on the introduction of new or altered products,

packaging, loading patterns, equipment or process parameters, unless equivalence to a previously validated
product, packaging or loading pattern combination has been demonstrated. The demonstration of equivalence
shall be documented.

PQ is performed in the equipment used to sterilize the product.

9.3.1.2

14

PQ shall use product to demonstrate that equipment consistently operates in accordance with
predetermined criteria and that the process produces product that is sterile.
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9.3.1.3 The load used for PQ shall be representative of that to be sterilized routinely and shall be defined
based upon the most challenging routine load.

The load may consist of product or materials that have characteristics similar to those of a load to be sterilized
routinely.

NOTE If saleable product has been used during validation, see 7.2 and 11.3.

If material other than product is used, it shall present at least as great a challenge to the sterilization process
as the product.

If Idads are reused for the validation cycles, they should be aerated between exposures fo pnsure that
ethylene oxide residues in the load do not affect the biological indicator.

Thelloads shall be re-evaluated at a predetermined frequency for appropriateness.

9.3.11.4 The manner of presenting product for sterilization, including the loading pattern of the product,
shall be specified.

9.3.11.5 If chemical indicators are used as part of PQ, these shall comply‘with ISO 11140-1.

Chgmical indicators shall not be used as the sole means of PQ.

9.3.2 Performance qualification — Microbiological
NOTE See C.13 and C.14.

9.3.2.1 The microbiological PQ shall demonstrate that, on application of the sterilization grocess, the
spegified requirements for sterility are met. Studies*shall be performed in the production chamber using
defiped process parameters selected to deliver less-lethality than the specified sterilization process.

During microbiological PQ, it is common practice to reduce the set point of one or more process variables
(e.gl EO concentration, temperature, humidity) compared to the set points used in routine steril|zation. The
defihed parameters may be at or below the minimum levels specified for routine control.

9.3.2.2 Microbiological PQ_shall confirm the effectiveness of the defined process for the product/load
conlbination in a production sterilizer.

9.3.2.3 The lethality-of-the cycle shall be determined using one of the methods described in|Annex A or
Annex B or by an alternative validated method that demonstrates achievement of the required SAL]

9.3.2.4 If précess definition was determined in a developmental chamber, the microbiologidal PQ shall
inclfide at least three fractional or half-sterilization cycles in the production sterilizer that confirm the data from
e validation

installation

a) inthe same manner as the original chamber or

b) using a reduced PQ that demonstrates the delivery of the required level of microbiological lethality; the
rationale for this reduced qualification shall be recorded and documented.

The influence of different geographical locations on the load properties should be determined.

© 1SO 2007 — All rights reserved 15


https://standardsiso.com/api/?name=854f3159a6a3aa86bc8bee5698c24fa9

ISO 11135-1:2007(E)

9.3.3
9.3.3.1

a)
runs in

b)

Performance qualification — Physical

Physical PQ shall demonstrate:

which all the specified acceptance criteria are met;

process specification.

reproducibility of the process, and shall include a minimum of three consecutive, planned qualification

that the specified acceptance criteria are met throughout the load for the duration of the proposed routine

Elements of the physical PQ may be conducted during the microbiological PQ. If a) is performed in parallel

with the mi
compliance
the processg
requiring th
limited to, p
9.3.3.2
a) at the
tempen
b) the sp
comme
C) gaseou
d) pressu
in the
e) during
proces
f)  the ten
g) during
9.4 Vary

For establis
sterilization
achieves th

9.5 Revi

9.5.1 The

crobiological PQ, then at least one additional qualification run shall be performed to demansf
with this requirement. If a failure can be attributed to factors not relevant to the effectivenes
being validated, this may be documented as unrelated to the performance of the process’ wit
ree further consecutive successful runs. Examples of this type of failure may include, but are
pwer failures, other loss of services, or failure of external monitoring equipment.

Physical PQ shall confirm the process such that:

end of the defined preconditioning time (if used), the sterilization [oad is within the def
ature and humidity ranges;

bcified maximum elapsed time between the completion of -preconditioning (if used) and
ncement of the sterilization cycle is appropriate;

s ethylene oxide has been admitted to the sterilizer chamber;

'e rise and the quantity of ethylene oxide used [see:9.5.4 c)] or the concentration of ethylene o
terilizer chamber [see 9.5.5 b)] are within the ranges specified;

the sterilization cycle, the temperature and.humidity of the chamber and, where applicable, g
5 parameters are within the ranges documented in the sterilization process specification;

perature of the product load during exposure is within the defined range;

beration, the sterilization loadsis, within the specified temperature range.

ng load configurations
hments that have_widely varying load configurations, the extent to which the variation affects

process shall{be evaluated. It shall be demonstrated that all product sterilized with a ¢
b required levelof sterility assurance.

pw and approval of validation

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

rate
s of
hout
not

ned

the

Xide

ther

the
ycle

firm

the acceptability against the approved protocol for the sterilization process and to approve the process
specification.

9.5.2

Information gathered or produced during product definition, process definition, IQ, OQ and PQ,

including results from incubation of biological indicators, shall be recorded and reviewed for acceptability (see

also 4.1.2).

The results of this review shall be recorded.

9.5.3 A validation report shall be prepared. The report shall be reviewed and approved by the designated

responsible

16

person(s).
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9.5.4 The validation report shall describe or reference specific validated product, the defined loading
patterns and the documented specification for the ethylene oxide sterilization process. The validation report
shall also include the value and tolerances for:

a) preconditioning (if used):

1)
2)

3)

time in chamber/area, temperature and humidity of chamber/area;
minimum temperature of product permitted to enter preconditioning;

temperature and humidity of the sterilization load;

4)

maximum elapsed time between removal of the load from preconditioning and commencsd
sterilization cycle;

b) |conditioning (if used):

1)
2)
3)

4)

the initial vacuum level (if used) and time taken to achieve it;
holding time under vacuum;
time in chamber, temperature, pressure and humidity within thé)chamber;

temperature and humidity of the sterilization load;

c) |ethylene oxide injection and exposure:

1)
2)

3)
4)
5)

6)

ethylene oxide injection pressure rise, ethylene oxide injection time and final pressure;

ethylene oxide concentration determined~independently from the increase in pressure
least one of the following:

i) mass of ethylene oxide used;

i) volume of ethylene oxide used;

iii) direct measurement of ethylene oxide concentration within the chamber;
sterilizer chambertemperature;

exposure time;

temperature of the sterilization load;

an-indication of the satisfactory operation of the chamber gas circulation system (if u
exposure;

ment of the

utilizing at

sed) during

d) aeration (if used):

1)
2)
3)

4)

time and temperature;
pressure changes (if any) within the chamber and/or room;
rate of change of air or other gas;

temperature of the sterilization load.

© 1SO 2007 — All rights reserved
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9.5.5 If parametric release is to be used, the validation report shall also specify:

a) the value and tolerances for chamber humidity by direct measurement during conditioning;

b) the value and tolerances for the ethylene oxide concentration, determined from direct analysis of chamber
atmosphere at defined intervals sufficient to verify the required conditions throughout the exposure time.

9.5.6 A 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 RoutiLe monitoring and control

10.1 Data

process specification has been met. These data shall include at least the following:

a) eviden

achieved; this may be achieved by allowing loads to acclimate for a specified minimum time;

b) temper

specifi¢d position;

c) time of
d) indicati
exposy
e) elapse
comme

f)  temper
g) chamb
h) eviden

i) pressu

steriliz¢r chamber;

shall be recorded and retained for each sterilization cycle to demonstrate that, the- sterilizg

Ce that the minimum required temperature of product entering preconditioning" (if used) has 4

ature and humidity within the preconditioning area (if used), monitored and recorded fro

commencement and of removal of load from preconditioning.(if‘Used) of each sterilization load

on of the satisfactory operation of the chamber gas‘circulation system (if used) during
re;

] time between removal of the sterilization~load from preconditioning (if used) and
ncement of the sterilization cycle;

ature and pressure in the chamber throughout the sterilization cycle;
br humidity during conditioning by préssure and/or direct monitoring;
Ce that the gaseous ethylene-oxide has been admitted to the sterilizer chamber;

'e rise and the quantity .0f ethylene oxide used or the concentration of ethylene oxide in

bning time;
re time;

bmperature, pressure changes (if any) and/or the operation of the air supply (if used) du
N

tion

een

mn a

gas

the

the

ring

i)  conditi
k) exposy
) time, t

aeratio
If biological

indicators are used in routine monitoring, they shall comply with 8.6.

NOTE 1 See also 8.7.

If chemical indicators are used in routine monitoring, they shall comply with 8.8.

NOTE 2  Chemical indicators are not intended to replace biological indicators for product release.

18
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10.2 If parametric release is performed, the following additional data shall be recorded and retained:
a) temperature in the chamber from a minimum of two locations throughout the sterilization cycle;
b) chamber humidity during conditioning as determined by direct measurement;

c) the ethylene oxide concentration, determined from direct analysis of chamber atmosphere at defined
intervals sufficient to verify the required conditions throughout the exposure time.

11 Product release from sterilization

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

a) |confirmation that the data recorded during routine processing meet sterilization process specification;
b) [confirmation of no growth of the test organism from any biological indicator (if used).

11.2 Product shall be considered as non-conforming and handled in accérdance with the applicgble clauses
of 1$0 13485 if one or more of the conformance criteria of 11.1 are not fulfilled.

11.3 If saleable product has been used during validation, the réguirements for release of this|product for
distfibution shall be generated before the start of the validation activities.

12 |Maintaining process effectiveness

12.1 General

12.1.1 The continued effectiveness of the system for ensuring the condition of the product presented for
sterjlization (see 7.3.1) shall be demonstfated. This may include, for example, routine monitoring of product
biokurden and/or monitoring the effectiveness of the cleaning process.

12.1.2 The accuracy and reliabifity. of the instrumentation used to control and monitor the sterilizafion process
shall be verified periodically in-ac¢ordance with 4.3.3.

12.2 Maintenance of’equipment

12.2.1 Preventative ) maintenance shall be planned and performed in accordance with documented
pro¢edures. All.procedures shall follow manufacturers’ recommendations as well as any pertingnt national,
regipnal or local‘requirements.

12.2.2 (Equipment shall not be used to process product until all specified maintenance tasks|have been
satigfaetorily completed and recorded.

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

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

12.3 Requalification

12.3.1 Requalification of a sterilization process carried out with specified equipment shall be performed at
defined intervals against specified acceptance criteria and in accordance with documented procedures. These
intervals shall be justified.
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Requalification may include verification that allowable product EO residuals as delineated in ISO 10993-7 are

being met.

12.3.2

IQ, OQ, PQ and subsequent requalification(s) shall be reviewed and a decision shall be taken and

documented to what extent requalification is required, including the confirmation of the specified SAL through

microbiologi

cal studies.

12.3.3 The appropriateness of the biological indicator in relation to the bioburden of the product shall be

confirmed a

t specified intervals (see 8.6).

12.3.4 The load and loading pattern shall be re-evaluated at a predetermined frequency for its

appropriate

12.3.5 Thgq
sterilization

12.3.6 If failures during requalification and/or routine monitoring and control indicate that'the steriliz3
ght no longer be capable of achieving the required SAL, the cause of "the failure shal

process m
determined
be modified

12.3.7 Re
retained (s§
12.3.8 Ifp
a) requali

b) requali

12.4 Ass¢g

1241 Ac
or a modif
effectivenes

12.4.2 The
1Q, OQ or H

12.4.3 Thg
including th

ness, and the results of this re-evaluation shall be documented in accordance with 4.1.2.

validated sterilization process shall be reviewed whenever there has been a change to
equipment and/or product that could alter the efficacy of the process (see 8.1).

If this determination shows the process to be no longer adequate, the sterilization process 5
to achieve the required SAL, and validated.

ords of reviews of requalification data, reports and resulting corrective actions (if required) sha
e 4.1.2).

brametric release is used, the following additional requirements shall apply:
ication shall be performed at least annually;

ication shall include confirmation of the specified'SAL through microbiological studies.

ssment of change

hange to equipment, product, packagihg, presentation of product for sterilization or loading pat|
cation to the sterilizing agent and/or its presentation shall be assessed for its effect on
s of the sterilization process.

magnitude of the changershall be considered in determining the extent to which process defini
Q is undertaken.

extent of qualification that is necessary shall be determined. The outcome of the assessm
b rationale for degciSions reached, shall be documented.
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Determination of lethal rate of the sterilization process —
Biological indicator/bioburden approach

A.1 General

-1:2007(E)

This
of the bioburden population and resistance to establish the cycle parameters (exposure timeg).
Use
time
biol

of this method requires that product bioburden levels be demonstrated to be réldtively con
and the resistance of the bioburden be shown to be equal to, or less resistant\than, the resis
pgical indicator.

The)
dete
rela

resistance of the biological indicator is demonstrated by running the ¢ycle at graded exposur
rmining the lethal rate (rate of inactivation) of the cycle. Knowledge ‘of this rate and the pop
ive resistance of the bioburden allows one to establish exposure time'so that an SAL can be p

Guiglance on this approach can be found in ISO 14161.

A.4 Procedure

A.2]1 Establish the location within the product at which sterility is most difficult to achieve.
A.2
kno
ster

diffi

2 Create a challenge to the sterilization_process, comprising a known number of microorg
vn resistance to the ethylene oxide, iy placing biological indicators in the product at loca
lizing conditions are most difficultsto-achieve. If the location of the challenge is other thg
Cult-to-sterilize location, its relationship to the most difficult location shall be established.

Us¢
this
PCIi

of a PCD that has demonstrated a greater resistance to the sterilization process than the prq
requirement. Attention must’be given to the impact of packaging and the removal of sterilg
D.

A2
prog

3 Package theCchallenge, created in accordance with the above, in the same manner
uced routinely<and included within the sterilization load.

A.2
thog
inad

e conditions to be used routinely (see Clause 8), such that not all reference microorganisms
tivated”

I~ A f

approach combines knowledge of the resistance of a biological indicator to a given cycle\with

knowledge

sistent over
ance of the

e times and
ulation and
edicted.

anisms with
ions where
n the most

duct meets
nt from the

as product

4 Expaose ‘the sterilization load to ethylene oxide under conditions selected to deliver less lg¢thality than

have been

A2 73 'H daal % +loasl ol H1N Inl 1 4 H +ho
Y <1 MATLCT  UTTTS HIGUUU CAPNUOUTTO U CLIIyICIIU UAIUT  WILT diT Uil Jardirticicl o IUIIIGIIIIIIy ut

lethality of the process can be determined by using one of the following methods:

4

same, the

a) direct enumeration (see A.3.1) or

b) the fraction negative method (see A.3.2 or A.3.3) or

c) acombination of a) or b) above.

NOTE The fraction-negative method uses growth/no growth data from the recovery test on the PCDs after exposure

to fractional gas exposure times.
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From this result, the rate of inactivation of the reference microorganisms can be calculated.

A.2.6 From knowledge of the product bioburden (see ISO 11737-1), bioburden resistance to the sterilization
process and the rate of inactivation of the reference microorganisms determine the extent of treatment
required to achieve the specified SAL.

A.3 Proc

ess lethality determination

A.3.1 Direct enumeration

A.3.1.1
direct enum

A3.1.2

C.30of ISO
a) one ex
NOTE L

b) atleas
reducti
C) aminin

A.3.2 Fra

The lethality of the sterilization cycle shall be determined by construction of a survivor curve'u
eration of survivors.

Further details on this method are given in ISO 14161 and C.3 of ISO 11138-1:2006:
1138-1:2006 requires a minimum of five exposure points covering:
bosure in which the sample is not subjected to the sterilant (e.g. 0 time exposure);
[he sterilant may be absent or replaced by an inert gas or medium.

one exposure in which the viable population is reduced to 0,01 % of the original inoculum (4 |
bN);

num of three exposures covering the intervals between.exposure a) and exposure b) above.

ction-negative method using Holcomb-Spearman Karber procedure (HSKP)

Biological indicators for ethylene oxide sterilization shall 'be subjected to time-graded exposures to ethyl

oxide with
immersion
showing ng
ISO 11138
D.3.1 of 1S¢
a) atleas
b) atleas
c) atleas

A modificat
same numb

Il other parameters remaining constant. ‘After exposure, the test samples are assayed by d

nto an appropriate culture medium..Tthe samples are scored as to the proportion of the sam
growth after incubation. Further(details on this method are given in ISO 14161 and D.3.

1:2006.

D 11138-1:2006 requires a.minimum of five exposure conditions covering:

one set of samples in\which all tested samples show growth;

two sets in which-a fraction of the samples show growth (quantal region);

two sets of\samples in which no growth is observed.

on ofithe HSKP, the Limited Holcomb-Spearman-Karber Procedure (LHSKP), may be used if
er-of\samples is exposed at each time point and the time interval is constant. For further guida

see D.3.2 0

sing

Pd10

ene
rect
ples
 of

the
nce,

[SO 11138-1:2006

A.3.3 Fraction-negative method using Stumbo Murphy Cochran procedure (SMCP)

The formula for the Stumbo Murphy Cochran Procedure (SMCP) requires one result in the fraction negative
range consisting of time, ¢, the number of units negative for growth, », the number of replicates, », at one
exposure time within the fraction-negative range, and the initial number of microorganisms per replicate, N;.

To obtain valid data using SMCP, D.3.3 of ISO 11138-1:2006 requires that the D value be calculated as the
average of at least three runs in the fraction negative range in order to confirm reproducibility.

For further guidance, see ISO 14161.
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Conservative determination of lethal rate of the sterilization process —

B.1

Overkill approach

General

B.1
bee
that
Gui
B.1

a)

B.1
incy
ofd

B.1
biol

B.4 Procedure

B.2
anti

B.2

B.2

1 This approach to process definition is based on the inactivation of reference microorgahis
N widely used. Sterilization processes qualified in this manner are often conservative and-use
may exceed that required to achieve the specified requirements for sterility.

jance on this approach can be found in ISO 14161.
2 Conservative process definition shall require using either the approach.given in a) or b) be

Half-cycle approach: a total of three consecutive experiments resultingtin total inactivation of th
indicators (with a population of not less than 106) shall be perfofmed in order to confirm tH
exposure time. The specified exposure time shall be at least.double this minimum time. A cy
duration from which survivors can be recovered shall alsa’be’run to demonstrate the adeq
recovery technique.

Cycle calculation approach: the routine processing.parameters that deliver minimally a 12
biological indicator shall be established using one 6f-the methods described in A.3. The numb
is dictated by the method used.

3 The conditions used for recovery of biological indicators in validation studies, including
bation, shall be established and documented. The incubation period shall take into account th
blayed outgrowth of spores that have. been exposed to ethylene oxide.

4 The resistance of the bioburden shall be shown to be equal to or less than the resist
bgical indicator.

1 Identify a worst case product or PCD which is at least as difficult to sterilize as the most
Cipated for thedprocess.

2 Determine the location(s) within product where it is most difficult to achieve sterilizing condi

3C~Create a challenge to the sterilization process containing a known number of microorg

ms and has
a treatment

ow.
e biological
e minimum

cle of short
uacy of the

SLR of the
er of cycles

duration of
e possibility

ance of the

difficult item

tions.

anisms with

defi

a)

b)

Ted Tesistarnce totheethylereoxide by oneof thefottowingapproaches:

placing biological indicators within the product at location(s) where sterilizing conditions are most difficult

to achieve or placing them within a PCD or

inoculating the location(s) within product where sterilizing conditions are most difficult to a
suitable reference organisms.

See Table A.1in ISO 14937:2000.

chieve with

If the location of the challenge is other than the most difficult-to-sterilize location, its relationship to the most
difficult location shall be established.
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B.2.4 Package the challenge, created in accordance with the list above, in an equivalent manner to
products produced routinely and included within the sterilization load.

B.2.5 Expose the sterilization load to the ethylene oxide under conditions designed to deliver less lethality
than the specified sterilization process.

B.2.6 If the inactivation of a known number of microorganisms has been confirmed according to A.3,
determine the extent of treatment for the sterilization process by extrapolation to a known predicted probability
of a surviving microorganism, taking account of the required SAL.

24 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=854f3159a6a3aa86bc8bee5698c24fa9

ISO 11135-1:2007(E)

Annex C
(informative)

General guidance

NOTE 1 The guidance given in this annex is not intended as a checklist for assessing compliance with this part of
ISO 11135. This guidance is intended to assist in obtaining a uniform understanding and implementation of this part of
1SO 44435 h\}/ Ir_\r'n\/iriing nvplnhnfinnc and nhrnpfnhln methods for nr\hin\ling r\nmplinnr\n with Qpnrifinr{ requirements. It
highjights important aspects and provides examples. Methods other than those given in the guidance\may be used.
However, the use of alternative methods is to be demonstrated to be effective in achieving compliance_with this part of
1ISO|11135.

NOTE 2  For ease of reference, the numbering in this annex corresponds to that in the nofmative part gf this part of
1ISO[11135 (Clauses 1 to 12). For example, guidance on Clause 8 is given in C.8 of this annex."Guidance oh Annexes A
and B is given in C.13 and C.14 respectively.
C.1 Scope

No guidance offered.

C.2 Normative references

No guidance offered.

C.3 Terms and definitions
No guidance offered.

C.4 Quality management systems

C.41 Documentation

Requirements for contfel,of documents and records are specified in 4.2.3 and 4.2.4, respectively, of
ISO[13485:2003.

In I$O 13485:2003, the requirements for documentation relate to the generation and control of do¢umentation
(including specifications and procedures) and records.

C.AIZ Management responsibility
Requirements for responsibility and authority are speciiied in 5.5 0 . ., and requirements for

human resources are specified in 6.2 of ISO 13485:2003.

In 1SO 13485:2003, the requirements for management responsibility relate to management commitment,
customer focus, quality policy, planning, responsibility, authority and communication, and management review.

The development, validation and routine control of a sterilization process can involve a number of separate
parties, each of whom is responsible for certain elements. This part of ISO 11135 requires that the party
accepting particular responsibilities be defined and that this definition of responsibilities be documented. This
definition of authority and responsibility is documented within the quality management system(s) of the
identified parties. The party accepting responsibilities for defined elements is required to assign these
elements to competent personnel, with competence demonstrated through appropriate training and
qualification.
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Personnel with the following responsibilities should receive training and have the necessary qualification:

a) microbi

ological testing;

b) installation of equipment;

Cc) equipment maintenance;

d) physical PQ;

e) routine sterilizer operation;
f)  calibrafion;

g) procesg design;

h) equipment specification;

i) other a

C.4.3 Pro

NOTE |
determinatiol

monitoring and measuring devices.

C.4.3.1
noted that
product ang
C.4.3.2

C.4.33
ISO 13485:

C.4.4 Mes

Procedures
respectively

In 1SO 13485:2003, the~requirements for measurement, analysis and improvement relate to proq

monitoring,

preventive actions).

Feas as applicable.

duct realization

h ISO 13485:2003, the requirements for product realization relateyto the product life cycle from
n of customer requirements, design and development, purchasings control of production and calibratid

Requirements for purchasing are specified in 7.4_ofdSO 13485:2003. In particular, it should
services received from outside the organization:

Requirements for identification and traceability are specified in 7.5.3 of ISO 13485:2003.

P003.

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

for control of non-conforming product and corrective action are specified in 8.3 and 8
, of ISO 13485:2003-

control of nohconforming product, analysis of data, and improvement (including corrective

C.5 Sterilizing agent characterization

the
n of

be

the requirements in 7.4.3 of ISO 13485:2003 for“verification of purchased product apply t¢ all

Requirements for calibration of ménitoring and measuring devices are specified in 7.6 of

5.2,

ess
and

NOTE The purpose of this activity is to define the sterilizing agent, demonstrate its microbicidal effectiveness, identify
the factors that influence microbicidal effectiveness, assess the effects that exposure to the sterilizing agent has on
materials, and identify requirements for safety of personnel and the protection of the environment. This activity may be
undertaken in a test or prototype system; the final equipment specification (see 6.2) should be relatable to the

experimental

studies undertaken using any such test or prototype equipment.

C.5.1 Sterilizing agent

No guidance offered.
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C.5.2 Microbicidal effectiveness

No guidance offered.

C.5.3 Materials effects

No guidance offered.

C.5.4 Environmental considerations

C.5/41 Principles of an environmental management system can be applied to the ethylene oxide
sterjlization process. 1SO 14001 provides a specification for an environmental management system.
ISO[ 14040 provides guidance on designing a life cycle assessment study. For further guidance| see E.3 of
1SO[14937:2000.

C.5/4.2 No guidance offered.

C.q Process and equipment characterization

NOTE The purpose of this activity is to characterize the ranges of sterilization process variables and the equipment
necgssary to deliver the sterilization process variables safely and reprodugcibly.

C.6l1 Process characterization

Progess characterization consists of:

— |identifying the process variables that should besincluded in the definition of the process;

— | defining ranges for each process variable;

— | documenting the process variables-and their defined ranges based on theoretical knowledge.
Subisequent studies specified in Clauses 8 and 9 will either:

— | confirm the validity of the-specifications for the process variables or

— | demonstrate that the.range(s) of the process variables should be reviewed and redefined.

C.612 Equipment.characterization
C.6j2.1 Nojguidance offered.

C.6{2.2 The following items should be considered when preparing the equipment specification

NOTE Attention Is drawn to the existence in some countries of regulations concerning ethylene oxide.

— Areas used for storage of cylinders, tanks or cartridges of ethylene oxide or ethylene oxide gas mixtures
should be secure and ventilated.

— Where ambient conditions are subject to temperature variation greater than the range recommended by
the supplier, storage areas for the containers of ethylene oxide should include provision for temperature
control.

— If the ethylene oxide supply to the sterilizer is from a bulk storage tank that is periodically replenished, the
tank should be equipped with a means of removing samples for analysis, a means of emptying the tank
completely of ethylene oxide and a provision for cleaning in the event of contamination or excessive
accumulation of polymers.
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prevent liquid ethylene oxide from being admitted to the sterilizer chamber.

measured to demonstrate that gaseous ethylene oxide has been produced.

NOTE

A minimum of two probes to measure chamber temperature should be used.

The system for admission of ethylene oxide to the sterilizer should be equipped with a vaporizer to

The temperature of the ethylene oxide gas flowing from the vaporizer to the sterilizer chamber should be

The purpose of two separate probes is to prevent the failure of one sensor from causing an out-of-
specification load from being erroneously accepted. Comparing two separate temperature sensors will detect that
one of the sensors has failed. A dual element temperature probe can be used to meet this need.

The g

ineffec

demon
C.6.2.3

C.6.2.4

C.7 Prod

NOTE L
product prior

C.7.1 Ger

The hdmogeneity of conditions within the sterilizer chamber is preferably achieved by forced cireula

circulation system should be equipped with a monitoring device that indicates when circulatiq
ive. Devices that monitor "power on" to the fan or pump are not sufficient; it is ,necéssar
strate that the required gas flow is being maintained.

No further guidance offered.

No further guidance offered.

uct definition

[he purpose of this activity is to define the product to be sterilized, including the microbiological quality o
to sterilization and the manner in which product is packaged andypresented for sterilization.

eral

The followifg should be carried out to minimize the risk\efintroducing a new or modified product (candi

product) tha

C.711

PCD that w
of factors t
facilities, lo

C.71.2

and that thg
into the val
of the cand
the previou
studies sho

C.71.3
examined f

t presents a greater challenge to the sterilization cycle than that which was previously validatedl.

Perform a technical review of the. candidate product compared to the validated product an
as used to validate the existing EO process. This comparison should also involve an examing
hat could potentially affect the product bioburden, such as manufacturing, production meth
tation and raw material typestand sources that could affect the desired SAL.

If the technical review.finds that the candidate product is similar to previously validated pro
differences between them are clearly not significant, then the candidate product may be ado
dated EO process without further study. If the product configuration, density or load configura
date product and,its packaging could present a greater challenge to the sterilization process
5ly validated product, then temperature and relative humidity penetration studies and cycle leth
Lld also be conducted.

The construction and configuration of the candidate product and its packaging should be care
pr.any areas that could present obstacles to EO/heat/humidity penetration.

ion.
nis
y to

f the

Hate

d/or
tion
bds,

Huct
pted
tion
han
ality

fully

C.714

C.71.5

No guidance offered.

No guidance offered.

C.7.2 Product safety and performance

During the design of medical devices intended for sterilization, attention should be given to functionality,
design tolerances, product configuration and the composition of product, including packaging materials, to be
used to ensure effective delivery of the ethylene oxide to all parts of the device.

Product can be subjected to various environmental stresses during sterilization, such as vacuum and pressure
changes, elevated temperature and changes in humidity. Product could also react with the ethylene oxide
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and/or any diluent(s). The product design should ensure that functionality and safety are not compromised by

exposure to the anticipated range of sterilization conditions.

Materials composition: certain process conditions can adversely affect the integrity of medical devices and
packages. Some packaging materials and devices could impede the sterilization process. Therefore, the

effects of the sterilization process on materials and design characteristics and on packaging co

nfigurations

and materials are evaluated. This evaluation is usually conducted during product development and the results

should be documented.

It is important to select materials that exhibit adequate resistance to chemical and physical chan

ges caused

by the ethylene oxide and/or any diluents over the anticipated range of sterilization conditions. Properties of

applicable, the effects of exposure to multiple sterilization processes are evaluated.

Packaging considerations: the major function of a package for a sterilized medical device is to ens

ermeability,
als are still
Crazing and
w sufficient
rilized. The
al safety. If

ure that the

product remains sterile until used. During sterilization, the package is“intended to withstand t{he process

conglitions without a negative effect on overall product quality (e.g. generation of particulates).

When selecting a primary package for a product that is te\be sterilized, certain major
manufacturing factors are considered with respect to the partictlar sterilization process. To assu
oxide penetration, the permeability of the package to the particular sterilizing environment ig

Hesign and
re ethylene
of utmost

impprtance. If air removal is part of the sterilization process, the package also permits air evacugtion without

damage or rupture.

Thel ability of the secondary and tertiary packaging,if used, to protect the product during customg
and| distribution should be demonstrated. If the~“secondary packaging is to be exposed to the
progess, evidence is generated to show that-the secondary packaging can withstand the proc
img its ability to protect the product.

kaging considerations are addressed-in more detail in ISO 11607-1 and ISO 11607-2.

13 Microbiological quality

No guidance offered.

C.7.4 Documentation

No guidance©ffered.

ry handling
sterilization
ess without

C.8 ‘Process definition

NOTE
defined product (see Clause 7) by microbiological testing.

Selection of the sterilization process: the development of a sterilization process for a particular med

needs to establish a process that is both effective and compatible with the medical device. Ther
investigations into product compatibility, together with experimentation to identify and/or o
sterilization process, may be undertaken whilst the product is in the design phase.

© 1SO 2007 — All rights reserved

The purpose of this activity is to obtain a detailed specification for the sterilization process to be applied to

ical device
efore, initial
ptimize the

29


https://standardsiso.com/api/?name=854f3159a6a3aa86bc8bee5698c24fa9

ISO 11135-1:2007(E)

The selection of the sterilization process that is to be used for medical devices should include consideration of
all factors that can influence the efficacy of the process. The following should be taken into account.

a) Availability of sterilization equipment.

b) Range of conditions that can be achieved within the available sterilizing equipment.

c) Sterilization processes already in use for other products.

d) Requirements for levels of residual ethylene oxide and/or its reaction products.

e) Resultg of process development experiments.

Process definition: process definition may consist of a number of elements.

f) Deternjination of time required to achieve specified conditions of temperature and ‘humidity dyring
preconfitioning (if preconditioning is to be used).

g) Deternfination of the limits for the variables of the sterilization process.
NOTE For guidance on cycle lethality studies that may be required as part of process definition, see C.9.3.2

h) Estimation of the bioburden on product so that the challenge presented to the sterilization cycle by| the
bioburden can be established and the appropriateness of the biological indicator to be used for PQ |and
routine| monitoring (if used) can be confirmed. The appropriateness* of the biological indicator should be
determjned by exposure to sublethal (partial) cycle(s). In these\studies, the relative inactivation rates for
biologi¢al indicators and product can be compared through testing.
NOTE Requirements for, and guidance on, bioburden estimation are described in ISO 11737-1;

i) A detefmination of the minimum aeration time at specified conditions to achieve sufficient out-gassing so
that thie ethylene oxide and/or its reaction products are at or below those levels established by
ISO 10R93-7. This activity should be conducted-using a full load under production conditions.

As a result jof the process development activities, a sterilization process can be defined. The appropriateness

of this steriljzation process is demonstrated in the PQ studies in a production chamber.

Preconditioping and/or conditioning:\the resistance of microorganisms to deactivation by ethylene oxide is

affected by [their water content. Ear this reason it is common practice to control and monitor the humidity of the

atmospherdg to which the produet is exposed in order to attempt to equilibrate the water content of| the

microorgan|sms with the local’conditions. Before commencing the sterilization cycle, it is usual to precondjtion

product at |a defined temperature and humidity. Such preconditioning can reduce the duration of|the

sterilization|cycle.

A chamber [relative humidity in excess of 30 % is commonly used to humidify the load. The specified relgtive

humidity will depend on the product to be sterilized. Consideration should be given to the potential productfand

package dgmage that excessive relative humidity can cause.

Where applicable, a maximum time between removal of the load from the preconditioning and the start of the

sterilization

cycle needs to be established. A transfer time of 60 min or less is common practice.

Product heating and humidification is used to establish reproducible product temperature and moisture content
prior to gas exposure. Studies establishing minimum residence time ensure that the required conditions are
reached. Precaution should be taken to prevent water condensation on the sterilization load.

The actual temperature and humidity ranges at the end of preconditioning should be demonstrated during PQ.

30
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Sterilization: performance factors within the sterilization process that should be considered include:

)

depth and rate of attainment of vacuum;

chamber leak rate (performed either under vacuum for subatmospheric cycles or under vac
pressure for superatmospheric cycles);

during the conditioning phase, pressure rise on injection of steam;

-1:2007(E)

uum and at

pressure rise and rate of attainment of specified pressure on admission of ethylene oxide and correlation

of methods used to monitor ethylene oxide concentration;

depth and rate of attainment of vacuum used to remove ethylene oxide;

pressure rise and rate of attainment of pressure on admission of air (or any other’gas used
stage of the sterilization cycle);

number of times these last two stages are repeated and any variations in sucCessive repetitior
bn inert gas make-ups are used instead of the sterilant during exposure,-it is important that th

gas concentration be taken into consideration during the establishment of the final cycle pa
Ure that the desired SAL is achieved.

during this

S.

e impact of
rameters to

To achieve reproducible ethylene oxide distribution throughoutthe/sterilizer chamber and sterilization load, it

may
cha

Aer
mar

Temperature, dwell time, forced air circulation load characteristics, product and packaging materi

the
Aer:

The)
den

NOT
posi

C.9

NOT
(ses
iden|

be necessary to control residual chamber air content prior to sterilant introduction, or to pr
mber atmosphere recirculation, because ethylene oxide‘and air do not mix well in static situatio

htion: residues of ethylene oxide and its reaction products may be hazardous. It is esse
ufacturer to be aware of the possible occurrenceof residues in the product.

pfficiency of aeration.

btion may be performed within the §terilizer, in a separate area, or in a combination of both.

manufacturer shall demonstrate the resistance of the PCD using a fractional cycle for the
onstrating that the product'bioburden is not more resistant than that of the biological indicator.

E This relative resistance evaluation can be performed by having all sterile product tests of steril
ive PCDs.

Validation

E The purpose of validation is to demonstrate that the sterilization process established in procs
Clause 8) can be delivered effectively and reproducibly to the sterilization load. Validation consists of
lified stages: installation qualification, operational qualification and performance qualification.

bvide active
ns.

ntial for the

als all affect

purpose of

ty and some

bss definition
a number of

C.9

.1 Installation qualification

Installation qualification (IQ) demonstrates that the sterilization equipment and any auxiliary items have been
supplied and installed in accordance with their specification.

C.9

.2 Operational qualification

Operational qualification (OQ) demonstrates the capability of the equipment to deliver the sterilization process.

© 1SO 2007 — All rights reserved
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Preconditioning: with regard to preconditioning, the following guidance is provided.

a) 1Q and OQ are performed with the preconditioning area empty in order to establish that the design criteria
are met.

b) The pattern of air circulation throughout the area to be occupied by the sterilization load(s) should be
determined. This may be performed by smoke tests in combination with calculation of air change rates
and anemometric determinations.

c) Temperature and humidity should be monitored throughout the preconditioning area over a period long
enough to demonstrate that values are within the desired ranges. The temperature and humidity in a

numbe

NOTE

Sterilization:

gas exposu
should be o

With regard

d) Ifinert

heat cgpacity when assessing the results.

e) Tempe
temper
near s
through

NOTE

The physic
establish th

— depth §

— chamb
pressu

— pressu

— the temperature of thetinjected gas should be above a defined minimum value to assure it is injected

gas, ng

— pressu
is inten

- of locations distributed throughout the preconditioning area should be determined.
See Table C.1 and Table C.2 for recommendations on temperature and humidity sensors.

in IQ/OQ exercises the recorded temperature range, within the usable chamber_volume du

re, of + 3 °C of the average recorded chamber temperature allowed by the cycle specifica

btained. The recorded temperature range should be within the process specifieation.

to sterilization, the following guidance is provided.

jases are used instead of ethylene oxide, account should be taken efithe differences in the relg

rature sensors should be located in those locations that are likely to represent the maxin

ature differential, such as locations near unheated portions®of the chamber or door and locat

feam or gas entry ports. The remaining temperaturé sensors should be distributed ev
out the usable chamber volume.

See Table C.1 for the recommended number of sensors.

bl performance factors of the sterilization (Cycle should be determined for the empty chambg
e operational limits. These factors include:

nd rate of attainment of vacuum;

br leak rate (performed eitherunder vacuum for subatmospheric cycles or under vacuum an
re for superatmospheric cycles);

'e rise on injection of ’steam during the conditioning phase;

t as a liquid;

‘e rise and rate of attainment on admission of ethylene oxide and correlation of factors with whi
dedcto/monitor ethylene oxide concentration;

ring

ion,

tive

hum
ons
enly

d at

AS a

ch it

— depth and rate of attainment of vacuum used o fremove ethylene oxiae,

— pressure rise and rate of attainment of pressure on admission of air (or other gases);

— number of times these last two stages are repeated and any variations in successive repetitions.

OQ should also determine the performance of associated ancillary systems. For example, the quality of the
steam supplied, the capability of the ethylene oxide vaporizer to achieve a minimum gas input temperature,
the reliability of the filtered air and water supplies to the sterilizer and the capability of the steam generator to
maintain supplies of the required quality under maximum sterilization load conditions should be demonstrated.

Replicate cycles should be carried out to demonstrate the repeatability of control.
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