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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 commlttees Each member body interested in a subject for WhICh a technlcal committee has been
established atand
non-gove nmental in liaison with 1SO, also take part in the work. 1SO coIIaborates closely W|th t
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.

The main task of technical committees is to prepare International Standards. Draft International Standardgs
adopted py the technical committees are circulated to the member bodies for voting™ Publication as an
International Standard requires approval by at least 75 % of the member bodies casting-a vote.

In other [circumstances, particularly when there is an urgent market requirement for such documents, |a
technicallcommittee may decide to publish other types of document:

O Publicly Available Specification (ISO/PAS) represents an agreeément between technical experts jn
O working group and is accepted for publication if it is approved by more than 50 % of the members

— anl
an |

bO Technical Specification (ISO/TS) represents an agreement between the members of a technigal
ittee and is accepted for publication if it is approved\by 2/3 of the members of the committee casting

An ISO/RAS or ISO/TS is reviewed after three years'in order to decide whether it will be confirmed for|a
further thfee years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS [is
confirmed, it is reviewed again after a further.three years, at which time it must either be transformed into an
International Standard or be withdrawn.

Attention|is drawn to the possibility that'some of the elements of this document may be the subject of patent
rights. ISP shall not be held responsible for identifying any or all such patent rights.

ISO/TS 1[1135-2 was prepared by Technical Committee ISO/TC 198, Sterilization of health care products.

ISO/TS 1[1135-2, together’ with ISO 11135-1, cancels and replaces ISO 11135:1994 and
ISO 11135/Cor.1:1994, which have been technically revised.

ISO/TS 11135 consists of the following parts, under the general title Sterilization of health care products +
Ethylene loxide;

— Partli-Requirements for development, validation and routine control of a sterilization process for medidal
devices

— Part 2: Guidance on the application of ISO 11135-1

iv © 1SO 2008 — All rights reserved
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Introduction

:2008(E)

This Technical Specification describes some of the methods that may be employed to achieve the
requirements contained in ISO 11135-1. This document is not intended as a checklist for assessing
compliance with ISO 11135-1, rather it is intended to promote a uniform understanding and implementation of

[« Y-S WP .Y - ) .l 1 . Il el il ! £ o . L bl
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rgquirements. It highlights important aspects and provides examples.

fgcility settings, and it acknowledges the similarities and differences between the two applications.
Among the similarities are the common need for quality systems, staff training, and proper safety n
The major differences relate to the unique physical and organizational conditions'in health care faci

tq the initial condition of re-usable devices being presented for sterilization.

Health care facilities differ from medical device manufacturers in the physical design of processing
the equipment used, and in the availability of personnel with adequatelevels of training and experig
p
a

myriad of activities that are performed to support that function.

rn terms of the initial condition of medical devices, medical‘device manufacturers generally steri
nyimbers of similar devices that have been produced from virgin material. Health care facilities, on
hand, must handle and process both new medical /devices and re-usable medical devices of
descriptions and with varying levels of bioburden. They are therefore faced with the additional cha
cleaning, evaluating, preparing and packaging a\medical device prior to sterilization. In this d
alternative approaches and guidance specific to health care facilities are identified as such.

I general, moist heat sterilization (also knewn as steam sterilization) is the method of choice fo
dévices and supplies that are sterilized jnthealth care facilities. However, EO gas and its mixtures are
sErilants that are primarily used fer\heat- and moisture-sensitive medical devices that cannot
rilized.

Fpr ease of reference, the numbering in this technical specification corresponds to that in ISO 1113511.

specified

This Technical Specification addresses ethylene oxide (EO) sterilization in both the industrial and health care

heasures.
ities, and

areas, in
nce. The

imary function of the health care facility is to provide patient care; medical device reprocessing is jlist one of

ize large
the other
different
lenges of
ocument,

I medical
effective
be steam

—_
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Sterilization of health care products — Ethylene oxide —

Part 2:

Guidance on the application of ISO 11135-1

11 Scope

This Technical Specification provides guidance for the requirements in ISO 11135-1:2007. It does ot repeat

the requirements and is not intended to be used in isolation.

The exclusions in ISO 11135-1 apply also to this Technical Specification.

Fpr ease of reference, the clause numbering in this TechnicaliSpecification corresponds tp that in
nnex C of

30 11135-1:2007. Further guidance for the requirements given in’JSO 11135-1 is also included in A
30 11135-1:2007 and should be used in conjunction with this Fechnical Specification.

sferilization but may need help in determining how to best meet the requirements contained in 1ISO
This document is not intended for people lacking a basic-knowledge of the principles of EO sterilizatiq

2[ Normative references
The following referenced documents @re indispensable for the application of this document. H
dpcument (including any amendments) applies.

ISO 11135-1:2007, Sterilization” of health care products — Ethylene oxide — Part 1: Requirer
development, validation and routine control of a sterilization process for medical devices

ISO 11138-2:2006, Sterilization of health care products — Biological indicators — Part 2: Biological
fdr ethylene oxide-sterilization processes

IO 11140-1:2005, Sterilization of health care products — Chemical indicators — Part 1:
rgquiremehts

IS0 14737-1, Sterilization of medical devices — Microbiological methods — Part 1: Determina

population of microorganisms on products

This guidance document is intended for people who ,have a basic knowledge of the principlgs of EO

11135-1.
n.

or dated

rgferences, only the edition cited capplies. For undated references, the latest edition of the r¢ferenced

nents for

indicators

General

tion of a

ISO 13485:2003, Medical devices — Quality management systems — Requirements for regulatory purposes

ISO 17664, Sterilization of medical devices — Information to be provided by the manufacturer for the

processing of resterilizable medical devices

© 1SO 2008 — All rights reserved
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3 Terms and definitions
For the purposes of this document, the terms and definitions in ISO 11135-1 and the following apply.

3.1
dunnage
material used to mimic all or part of a sterilization load

3.2
health care facility
set of physical infrastructure elements intended to support the delivery of specific health-related services

3.3
processing group
collection of products or product families that can be sterilized in the same EO sterilization process

NOTE All products within the group have been determined to present an equal or lesser challenge to the sterilizatipn
process thian the challenge device for that group.

3.4
EO product family
collection of products that are determined to be similar or equivalent for validation purposes

3.5
re-usabl¢ medical device
medical device designated or intended by the manufacturer as suitable'for reprocessing and re-use

NOTE This is not a medical device that is designated or intended(by the manufacturer for single use only.

3.6
single uge medical device
medical device that is designated or intended by the-manufacturer for one-time use only

3.7
sterilizatjon specialist
person with knowledge of the sterilization technology being utilized and its effects upon materials and
microorganisms

NOTE This level of knowledge has’/been obtained by both practical and theoretical means and the person does not
require gujdance on the basic principles of the technology involved.

4 Quality management systems

4.1 Documentation

411 Notguidance offered.

4.1.2 No guidance offered.

4.2 Management responsibility

4.21 Each organization should establish procedures for identifying training needs and ensure that all
personnel are trained to adequately perform their assigned responsibilities.

4.2.2 No guidance offered.

2 © 1SO 2008 — All rights reserved
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4.3 Product realization

:2008(E)

4.3.1 Purchasing procedures in a health care facility should ensure that re-usable medical devices are
supplied with validated instructions for cleaning, disinfection, sterilization and aeration as specified in

ISO 17664.

4.3.2 For those facilities that do not fully comply with ISO 13485, such as health care facilities, procedures
for identification of product and maintenance of traceability, should include the labelling of each item or

package prior to sterilization with a lot control identifier that includes the following information:

a) the sterilizer ID or code;
b) the date of sterilization;

c] the cycle number (i.e. the cycle run of the day or sterilizer).

—

is recommended that the identity of the person who assembled the pack also be,included on the id
low for further investigation if a problem should arise.

)

-

bt identification information enables personnel to retrieve items in the event'of a recall and to trace
tq their source.

4)3.3 No guidance offered.

4|4 Measurement, analysis and improvement — Control of non-conforming product

Np guidance offered.

5| Sterilizing agent characterization

5|1 Sterilizing agent
EP is a highly penetrative gas that\will permeate most packaging materials and polymeric materia
rgcognized compositions include 100 % EO and blends with carbon dioxide or nitrogen. Thg

conditions for EO should be invaccordance with the EO manufacturer’'s recommendations and all &
rggulations.

5[2 Microbicidal.effectiveness

Np guidance offered.

5[3 Materials effects

Np guidance offered.

entifier, to

problems

s. Widely
e storage
pplicable

5.4 Environmental considerations

5.41 EO is toxic, flammable and explosive; therefore, extreme caution should be used during its storage,

handling and use.

5.4.2 Effluent gas should be discharged through an EO-gas treatment system, such as a catalytic oxidiser,

wet acid scrubber or thermal oxidiser.

When choosing a diluent, its ozone depleting potential should be taken into consideration.

© 1SO 2008 — All rights reserved
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6 Process and equipment characterization

In health care facilities, process and equipment characterization are generally the responsibility of the sterilizer
manufacturer. The management of the health care facility should have controls in place to ensure that its
equipment purchases conform to national, regional and local regulations and are suitable for the products
intended to be sterilized. The management of the health care facility should ensure the facility has the
infrastructure necessary to operate the sterilizing equipment and to achieve sterilization of medical devices.

6.1 Process characterization

No guida

6.2 Equipment characterization

6.21 T

Precondi

Precondillioning may be performed in a separate preconditioning area (chamber, cell or room). The

precondi

NOTE
determina

Sterilizati

The steril

hce offered.

he following factors should be considered when characterizing the equipment.

ioning equipment characterization

oning area (if used) should have the following performance and monitaring’capabilities:

bir circulation system: adequate air circulation to ensure the uniformity of temperature and humidity
he usable space, and to ensure that uniformity is maintained in-afully loaded room or chamber;

pirflow detection equipment, alarm systems or indicators monitoring the circulation system to ensu
conformance to predetermined tolerances;

means of monitoring temperature and humidity;

means of controlling temperature and humidity;

Temperature and humidity sensor control.systems may utilize redundant sensors for temperature and humid
ion in the room.

b time clock or other means of recording time of load entry into and removal from the preconditionir
prea, if applicable.

bn chamber equipment-characterization
zation chamber should have the following performance and monitoring capabilities:

means of manitoring chamber pressure, temperature and humidity (if humidity additions a
controlled-by sensor readings);

means”~of controlling chamber pressure, temperature and humidity, if humidity additions a
,ontrolled by sensor readings [when sensors are fixed on the equipment ensure that a correlation

in

[e

ty

g

[e

re
is

Or-oBDaL alifin A (OO0 ot tha nclrlnn laeation

Pava P I atallation capialfinatine (1M Atin
Raae-auH |||s HStaraton \1MUIIIIUULI\JII LAY A4 \JH\.:IUI.IUI lul quulllluuuull (oot i CoraT oTToTation |J,

if parametric release is used, instrumentation for the direct analysis of humidity during conditioning

and EO concentration during sterilant exposure time;

a system controlling that gaseous EO was admitted to the chamber. This can be done by measuring
the temperature of the EO gas flowing from the vaporizer to the sterilizer chamber or monitoring the

pressure rise during EO injection. This system may control EO concentration during sterila
exposure time.

nt
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Aeration equipment characterization

:2008(E)

An aeration area (chamber, cell or room) may be used to remove EO residuals from product/packaging.
Temperature uniformity, fresh air make-up and air re-circulation throughout the area are important to ensure

consistent and reproducible results. The aeration area should have the following:

— airflow detection equipment, alarm systems or indicators monitoring the air handling system to
ensure that it operates within specified parameters and maintains adequate airflow in a fully loaded

room or chamber;

— equipment to re-circulate air;

— means of monitoring room temperature;
— means of controlling room temperature.

Pfior to removing product from a sterilizer, precautions should be taken to ensurerthat operator
exposed to high levels of EO due to the outgassing of the load.

The equipment specification should be reviewed to ensure that regulatory and safety requirements
tgchnical specifications are appropriate, and services and infrastructure necessary to operate the &
afe available.

6{2.2 Humidification by steam injection is required in ISO 11135-1, because humidifiers that o
dispersion of unheated water as an aerosol (e.g. spinning discZhumidifiers and nebulizers) can
spurces of microbial contamination.

6{2.3 No guidance offered.

6{2.4 If there is an undetected failure of a contrgh'or monitoring function, a sterilization load
leased without having met its required processing parameters. To prevent this from happening, it
pfactice to have redundant sensors for many .critical process parameters. The common options fq
tHese redundant sensors include:

—
o))

a) use one sensor for control, and another sensor for monitoring and reporting;

b] use two sensors, or their average value, for both monitoring and control; this system needs to
an automatic fault condition,if the difference between the two sensors exceeds a defined value;

c] use dual element sensors’/for both monitoring and control; this system needs to generate an
fault condition if the difference between the two elements exceeds a defined value.

7| Product definition

711  General

Prodactidefinition involves documentation of essential information about the medical device to be ste

5 are not

are met,
quipment

berate by

be potent

could be
s general
r utilizing

generate

hutomatic

rilized (i.e.

the'new or modified product).

7.1.1 Product definition for a medical device includes the medical device itself, the primary

package

containing the device, and any accessories, instructions, or other items included in the primary package. It
also includes a description of the intended functionality of the medical device, and the available manufacturing
and sterilization processes. The product definition process should also consider whether this is a new design,

or whether it is part of an existing EO product family.
The following should be considered as part of product definition:
a) physical description of the medical device (composition and configuration);

b) intended use of the medical device;

© 1SO 2008 — All rights reserved
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c) whether the medical device is intended for single use or for multiple use;

d) design characteristics that would affect the choice of sterilization process (e.g. batteries, fibre-optics,
computer chips);

e) raw materials/manufacturing conditions that could affect microbiological quality (e.g. materials of natural
origin);

f)  requi

red sterility assurance level (SAL);

g) pack

h) loadi
patte

i) com
steril

712 A
product 4§
construct
that could
comparis
including
materials
of the cle

If a new Ir modified product is demonstrated to be equivalent t¢;an existing medical device or PCD for whi¢h

sterilizati
an EO pr

NOTE
a greater

As part g
following
if it is mo
a) With
1)
2)
3)

4)

Aging;

hg pattern; requirements for a specific load or mixed loading patterns, or range of acceptable loading
rns;

patibility with the sterilant gas or gas mixture and EO processing conditions \(preconditioning,
zation and aeration processes).

technical review should be performed to compare the new or modifiedroduct to the validated
nd/or process challenge device (PCD) that was used to validate the~existing EO process. The
on and configuration of the new or modified product should be carefully-€éxamined for any featurgs
present obstacles to the penetration of EO, heat or humidity. For medical device manufacturers, this
bn should also involve an examination of factors that could affect theinitial bioburden on the produgt,
the location of the manufacturing facilities, the types of raw-material used, the sources of these
and production methods. For new re-usable products, this comparison should include the evaluatign
Bning efficacy for this product.

[®]
=

n characteristics are already known, the new or madified product might be considered to be part
bduct family or a processing group.

AAMI TIR28['% is a useful guide for minimizing, the risk of introducing a new or modified product that preserjts
hallenge to the sterilization cycle than was previously validated.

f the technical review the following questions should be considered. If the answer to any of the
questions is “yes,” further evaluation of the new or modified product might be necessary to determine
e difficult to sterilize than thespreviously validated product:

respect to the previously ‘validated product, does the new or modified product:
nave more restricted passageways or inner chambers;

nave fewer openings;

have more.internal surfaces;

havesmore mated surfaces;

5) have more closures;

6) have longer or narrower lumens;

7) i

nclude changes or differences that could reduce the transfer of heat, moisture or sterilant gas;

8) have a bioburden number or resistance significantly higher than that of the reference product (due to
manufacturing conditions, handling, cleaning process or materials used) or

9) contain materials or structures that could be adversely affected by the proposed processing or
sterilization method?

© 1SO 2008 — All rights reserved
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b) With respect to the previously validated product, does the packaging of the new or modified product:
1) have any changes in packaging elements, including instructions or protective barriers;

2) have any additional impermeable protective barriers, e.g. container, case, template, that would
restrict or interfere with sterilant or humidity penetration or removal;

3) have a change in the porosity of the packaging material (e.g. basis weight, coating, treatment —
adhesive or coating on paper);

4) have a decrease in the surface area of the venting material or underlying opening, e.g. application of
tape or secondary label, change in size of label;

5) increase the bioburden level of the product or
6) change the number of barrier layers?

c] With respect to the previously validated product, does the load configuration of the new or| modified
product:

1) differ significantly from the validated load configuration of the reférence load;
2) differ significantly in the amount of absorptive materials;

3) differ significantly in density from that of the reference load or

4) differ significantly in total load volume?

7{1.3  No guidance offered.

7{1.4 No guidance offered.

7[1.5 A means of demonstrating equivalénce is the comparison of the relative rates of inactivation of Bls
aced in the most difficult-to-sterilize-Jocation within the new or modified product and previously|validated

oduct when both are exposed to a fractional cycle.

A|PCD is a device or test packiinto which a microbiological challenge is located. Examples of ways tp develop
PCDs for use in the demonstration of equivalence include, but are not limited to:

a) placement of a micrebiological challenge between rings, lands, grommets or ribs of a syringe stopper;

b} placement of amicrobiological challenge in the middle of the lumen of a tube that is then redonnected
using a solvent bond agent or a connector to restore product integrity;

c] placement of a microbiological challenge in an interface;

d) cplacement of a microbiological challenge in a series of envelopes or packages.

Several PCD designs have been recommended for use in health care facilities.
NOTE 1  For further information see EN 14220131 ANSI/AAMI ST41['1] and AS/NZS 41871121,
To prepare the PCD, the microbiological challenge can be inoculated on the product either directly or indirectly.

Direct inoculation is accomplished by applying a liquid suspension of the spores on the product. Indirect
inoculation is accomplished by placing an inoculated carrier either within the package or in/on the product.

© 1SO 2008 — All rights reserved 7
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Listed below are various ways to prepare a PCD.

— Inoculated product: the product to be sterilized is used to prepare the PCD and is inoculated directly or
indirectly.

— Inoculated simulated product: a simulated product is used to prepare the PCD and is inoculated directly
or indirectly. The simulated product consists of portions of a medical device or a combination of
components that are known to represent the greatest challenge to the process while still adequately
representing all products within an EO product family.

et e €6 —&—-€8 as—-apoap P—a OF© HO 8 et P8 --.

is difjectly inoculated. The resistance of the inoculated carrier should be correlated with the resistance) pf
the [noculated product, simulated product or natural product to use the inoculated carrier (for’ the
detefmination of process lethality.

NOTE 2 | Inoculation with a spore suspension can result in variable resistance of the inoculated preduet because [of
surface phenomena, other environmental factors and the occlusion of the spores on or in the product-~Therefore, itlis
important [to provide scientific rationale or validation for this practice to ensure that the resistance of the inoculated
simulated |product is reasonably correlated to the natural product. The inoculum recovery must“also be validated| if
resistance| is measured by plate count techniques. See Gillis and Schmidt!4], Westl?2], and4SO’ 11737-1 for additiorfal
informatiof.

7.2 Product safety and performance

7.21 he demonstration that the specified sterilization process doessat-affect the correct functioning of the
product rhay be accomplished by performing functionality tests, or<othéer appropriate tests, on the medidal
device and packaging following sterilization. These tests may range from a simple visual inspection to|a
battery ofl specialized tests.

Elementd that could affect safety, quality or performance include:
a) cyclg pressure changes that could affect seal integrity;

b) effeqts of EO exposure time, temperature, humidity and, if applicable, any inert gases present in the
intended sterilization blend;

¢) inclupion of new materials known to retain higher EO residuals;

d) packkging characteristics;

e) the presence of lubricants, espéecially within mated surface areas;

f)  whether the medical device requires disassembly or cleaning;

g) safely hazards (eQ/-leachable materials, or batteries or sealed liquids that could leak or explode);
h) number of sterilization cycles.

Medical devices containing a potential source of ignition (e.g. a battery) should be sterilized using a procesgs
that does|nabcontain an explosive mixture of EO in any part of the cycle.

7.2.2 When multiple sterilization cycles are permitted, the evaluation of the product should include biological
safety.

For re-usable medical devices, the manufacturer’s reprocessing instructions should be available and followed.
The instructions should include the recommended sterilization parameters and the limits to the number of
sterilization cycles. If applicable, testing and inspection should be performed to assess functionality of the re-
usable medical device following sterilization. The medical device manufacturer's claims for the number of
allowable cycles should be considered to be the maximum. A system should be in place which will provide
notification if the maximum number of cycles is reached.

NOTE See ISO 17664 for more information.
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7.2.3 No guidance offered.

7.2.4 Proper aeration is essential to control EO residues in medical devices after EO processing. If
information regarding aeration time for a medical device is not available from the manufacturer, the health
care facility should establish the aeration time for that device. Using either data or knowledge of the product
and its material and design, the aeration time should be established based upon the most difficult-to-aerate
product or medical device. It is not feasible to test residues on each individual item that has been sterilized.

NOTE See 1SO 10993-7!"l for more information.

7|13 Microbiological quality

7{3.1  No guidance offered.

~

3.2 In health care facilities, attention to microbiological quality will comprise havipg strict procgdures for
bllection and handling of used, re-usable medical devices, and for validation and\control of the| cleaning
ocesses for re-usable medical devices in accordance with the medical device manufacturer’s instrugctions.

T O

NPTE See I1SO 17664 and the 1SO 15883[51611718] series of documents for moré information.

7|4 Documentation
Upon completion of the product definition the following should be documented.

a) The sterilization specification for the product. This. sspecification should fully describe the product
configuration and how it is to be presented to the EQ)process (packaging and load configuration). The
specification should also include or reference the required SAL, as well as evidence for, or assegssment of,
the compatibility of the product with the process:

b} The result of the comparison between the:niew or modified product and the existing validated pfroduct(s).
This result should clearly demonstrate® that product complexity, materials, packaging gand load
configuration were assessed.

c] Evidence or assessment of the bioburden of the product and its resistance relative to the piological
indicator (BI).

d] The documented conclusion that the new or modified product is suitable for adoption into the EQ product
family/processing group)specifically referenced in the current validation study to achieve the|[specified
SAL. This conclusion” should include or reference any results from additional tests perfprmed to
supplement the-existing validation study and any further testing performed for confirmation/quialification
for routine release of product from the existing validated cycle (i.e. residual testing, functional tegting).

This documentation should be:

1) «.approved by the sterilization specialist and other individuals as required by the normal change control
practices within the organization;

2) retained for at least as long as the medical device is in use, or for at least as long as required by
regulatory agencies or facility policies, whichever is longer;

3) retrievable.

8 Process definition

8.1 During process definition, a manufacturer will use microbiological testing and other analytical tools to
help establish an appropriate sterilization process for a medical device. For re-usable medical devices that will
be reprocessed in the health care facility, the manufacturer is expected to provide validated reprocessing
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instructions, which are based in part on the process definition. It is then the health care facility’s responsibility
to review this documentation and confirm that it can follow the medical device manufacturer’s instructions

using its

own equipment and sterilization cycles. The health care facility's purchasing procedures should

require that, prior to the purchase of an EO-sterilizable medical device, the reprocessing instructions be
evaluated to confirm that the device is compatible with the equipment and sterilization processes that are in
use at the facility. See also ISO 17664.

If the me

dical device or packaging manufacturer supplies instructions for reprocessing that are not specific

enough or not appropriate (e.g. an EO process with 100 % EO, where the health care facility uses a blend),
the facility should either perform a validation or assess the appropriateness of its own reprocessing method,

based on[materials effect data an reprocessing Instructions 1or other devices € hea care facility is_npt

able to
reproces

8.2 A
and is us

Process

equipment has undergone IQ and OQ activities. This does not preclude the confirmation by a performange

qualificat
safety, qu
83 Th
a) temp
b) relat
c) temp
d) relat
e) temp
f) gas
avail

g) gas dwell time;

h) temg

i) air flpw parameters;

j)  settin

NOTE
requireme

lidate the product or assess the appropriateness of its own reprocessing method, it shouldtnpt
the medical device.

search sterilizer/developmental chamber is usually a smaller vessel than the production’ sterilizgr,
bd to perform studies to support validation.

definition may be performed in a research sterilizer/developmental chamber as long as this

on (PQ) in a production chamber to verify that the cycle achieves satisfactory product in terms pf
ality and performance.

b sterilization process parameters to be established may include (segalso C.8 of ISO 11135-1:2007):
erature set point and range within the preconditioning room (ifyused);

ve humidity set point and range within the preconditioning.room (if used);
erature set point and range within the sterilization chamber;

ve humidity set point and range within the sterilization chamber;

erature and relative humidity range within'the load;

concentration set point and rangeé within the sterilization chamber (if gas analysis equipment |is
bble on the developmental chamber);

erature set point and-range within the aeration room (if used);

g for the in-chamber air washes prior to removal of load from the sterilization chamber (if used).

For teference in the development of sterilization processes, Annexes A and B of ISO 11135-1:2007 provigle
hts.for. determination of cycle lethality.

8.4 No

85 No

guidance offered.

guidance offered.

8.6 A number of approaches may be used for determining the appropriateness of the BI.

a) One
than

approach is to use the rationale that most of the microorganisms found on product are less resistant
Bacillus atrophaeus. This approach can be used in situations where

1) aBlin accordance with Clause 5 and 9.5 of ISO 11138-2:2006 is used;

10
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the product bioburden is consistent, and is not likely to contain highly resistant microorganisms.

In this approach, the estimation and assessment of the bioburden should be performed in
accordance with ISO 11737-1. Trending data should be available and should demonstrate the

consistency of the bioburden regarding the number and types of organism.

b) Another approach for demonstrating the appropriateness of the Bl is to ensure that the Bl presents an
equal or greater challenge to the sterilization process than that of the bioburden. This can be
demonstrated by a test of sterility of the product and BlI, using a fractional cycle. The results of this study

should provide a means of lethality comparison using survival data from the tests of sterility.

c] A third approach can be applied in cases where the bioburden is considered to present~an
greater challenge than the Bl being used, based on the number or type of microorganism;.or w
with a lower population than required by 9.3 of ISO 11138-2:2006 is used.

In this case, the estimation and assessment of the bioburden should be performed acc
ISO 11737-1.

The resistance of the bioburden and the biological indicator (Bl) should be Compared by running
graded exposure times. The comparison of the resistance can be based on direct enumeration
and/or fraction negative methods.

If there is an indication that the challenge posed by the product bioburden exceeds that of the
the Bl is not appropriate), one of the following can be used:

1) select a Bl having a higher population;

2) the product can be pre-treated before sterilization to reduce the bioburden numbers;

3) the product, the process or both can be evaluated to determine how to reduce the bioburde
manufacturing environment, or by modifying the product design).

If 1), 2) or 3) is used, it is importantdo verify the effectiveness of the changes.

Pfoduct design may not allow a Bl to be positioned in the most difficult-to-sterilize location of the p

this circumstance it may be appropriate to place the Bl in a location to which the relationship with

difficult-to-sterilize location-can be established. Additionally, in many medical devices the most g

sferilize location contains_a-low number of microorganisms, and therefore the challenge populatio
ore closely linked tothe-bioburden of the product.

Djfferent types .of\-PCDs are described in 7.1.5. Methods similar to those used for determ

equal or
here a Bl

ording to

cycles at
methods

Bl (i.e. if

n number

or resistance (e.g. by changing the raw-materials or manufacturing process used, by improving the

roduct. In
the most
ifficult-to-
N may be

ining the

appropriateness’of the Bl can be used for determining the appropriateness of the PCD. A PCD located within

the product-or’its load to be sterilized is often referred to as an internal PCD, whereas a PCD loca
the carton.or case, between the cartons/cases on the exterior surface of the load, or on the exte
slirface-or the frame that supports the load, is referred to as an external PCD. External PCDs are
u$ed to ease access and removal during routine production sterilization.

ed within
rior case
generally

Studies conducted in a developmental chamber may be used to demonstrate the comparative resi

stance of

the PCDs under consideration; however, the effects of the specific production sterilizer and load to be
validated should be assessed. Often the effects of the load volume, density, heat transfer and gas re-
circulation cannot be properly duplicated in a developmental chamber. Therefore, it may be necessary to
demonstrate the appropriateness of the PCD used to validate and/or monitor the routine production

sterilization process in the production sterilizer.

© 1SO 2008 — All rights reserved
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The comparative resistance of internal versus external PCDs can be assessed using concurrent exposure(s)

in a fracti

onal cycle(s). The resulting data can be used for:

— making decisions about which PCD is appropriate to validate a sterilization process;

— evaluating candidate designs for external PCDs (i.e. for routine monitoring of the process);

— assessing the equivalence of new or modified products for adoption into a validated sterilization process;

— ly.
There may be instances when it is desirable to compare the resistance of one PCD to another ~without
comparing both to the resistance of the product. This is typically used when an internal PCD has been proven
to be appropriate and an external PCD is being introduced. In this case, a method of demonstrating the
approprigteness of the PCD is to demonstrate that the external PCD has equal or greater resistance when
compared to the internal PCD. If the relative resistance of the external PCD is less than the relative resistange
of the intgrnal PCD (not more than 20 %), the PCDs may be considered equivalent.

NOTE It is not uncommon to find an external PCD in a less difficult-to-sterilize configuration having a greafer
resistance|than an internal PCD in a more difficult-to-sterilize configuration. It is theorized that this occurs because the O
is removed more rapidly from the external PCD than the internal PCD, resulting inCless gas exposure time to the
microbiolopical challenge.

8.7 Noj|guidance offered.

8.8 No|guidance offered.

8.9 Noj|guidance offered.

9 Validation

The objegt of validation is to document the evidence required to provide a high degree of assurance that|a
specific grocess will consistently produce a-product meeting the required sterility assurance level. Product
sterilized| in the validated process should_be shown to meet predetermined specifications and quality
characterjstics related to product functionality and safety (i.e. through product compatibility studies).

Validation of a process should be péerformed according to an approved written document (protocol) that
contains |defined acceptance criteria, prior to initiation of testing. This document should be reviewed by|a
sterilizatipn specialist(s). The@lements of validation, as defined in this clause, are:

— 1Q;

— 0Q;

— PQ.

In a healthcare facility, TQ and OQ are typically performed by the steriizer manufacturer, although they may

be performed by any qualified personnel. Microbiological PQ data might be available from the sterilizer
manufacturer for general loads.

For health care facilities, this means describing and documenting the following:

a) the validation steps that need to be performed;

b) the way in which these validation steps will be performed, along with a listing of responsible individuals,
departments and/or outside contractors;

c) the criteria for successful validation.

12
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For health care facilities, there is an option of contracting with an outside service to perform this validation;
however, the health care facility is still responsible for ensuring that the validation complies with the
requirements of ISO 11135-1.

9.1 Installation qualification

9.1.1 The following are examples of equipment components that should be qualified to ensure that the
equipment was installed according to the applicable specifications and requirements:

a) chamber and door construction (i.e. air tightness and maintenance of uniform temperature):

b} seals and connections on chamber and piping construction (i.e. ability to maintain specified pres$sure and
vacuum extremes);

c] the calibration of instruments (e.g. sensors, recorders, gauges and test instruments)that monitor, control,
indicate or record parameters such as temperature, humidity, pressure and EO coneentration;

d) supply systems for gases and liquids (e.g. air, nitrogen, steam, EO and water), including filters (if used);

e]) the electrical supply, which should adequately and consistently supply the power needed fpr proper
equipment and instrumentation operation;

f)] gas circulation systems, where used;

g) gas injection systems;

h) vacuum systems, including pumps, pump cooling systems and piping;
i)| exhaust, emission control and abatement systems;

j)| other critical systems that could affect precess conditions, such as process automation, safety|systems,
etc.

The documented procedures for IQushould specify how each element of this qualification is|planned,
performed and reviewed.

911.2 The supporting documentation for IQ should include descriptions of the physical and operational
characteristics of the equipmient (including ancillary equipment). Examples of relevant documents include
design specifications, the, original purchase order, user requirements specifications and functionpl design
specifications.

9/1.3 No guidange offered.
9/1.4 Noguidance offered.

9/1.5<_ ‘National and local requirements for occupational health and safety should be consulted as they apply
tq petential EO exposure.

To protect the health and the safety of personnel, an EO installation should include equipment that detects
atmospheric levels of EO or gas mixtures near the sterilizer and anywhere else where potential exposure
could occur.

EO safety is achieved and maintained through a combination of factors that include:

— proper design, installation and maintenance of systems and equipment;

— compliance with applicable regulations for occupational health and safety and for environmental
protection;
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— deve

lopment and implementation of policies and procedures that support safe work practices;

— atmospheric monitoring in areas where EO exposure could occur;

— use of personal monitoring devices as appropriate;

— personnel training;

— periodic audits of equipment, personnel and processes to ensure ongoing compliance with design

spec
EO steril
cycle in g
by decre
safety re
with one
proportio

9.1.6 O
the as-ins

Drawings
a) pipe
b) alist

c) alist

characteristics and manufacturer performance claims “(e.g. accuracy, repeatability, size and modgl)

shou

d) proc
layoy
such

9.2 Ogperational qualification

9.21 T
controllin

a) equipment identification;

b) calib

c) actual completion date for each calibration, as well as who performed it;

zation cycles should operate within the non-flammable region throughout the complete sterilizatign
rder to minimize the risk of explosion. Use of a non-flammable sterilizing agent can improve-safety
hsing the risk of fire or explosion. It can also facilitate compliance with country-specifi¢ equipment
quirements. Non-flammable sterilizing agents are produced by mixing the highly flammable EO g
br more inert gases. The flammability of such a mixture can be calculated by measuring the relatiye
ns of EQ, air, inert gas (e.g. nitrogen) and water vapour in the sterilizer.

rawings, process and instrumentation diagrams (P&ID), and schematics should be checked againist
talled configuration and updated where necessary.

and parts lists for the equipment should include:

work and instrumentation schematic drawings (i.e. process and instrumentation diagrams);
of other pertinent mechanical and electrical drawings and-their location;

of critical instruments and devices, particularly thoseinfluencing process control, for which physidal
Id be kept on file;
pss control logic or software documentatiof’necessary to support validation, including control system

t, control logic diagrams and application.software (computerized measurement and control systems)
as program listings, flow charts, ladderlogic diagrams where applicable and strategy diagrams.

he following information_should be documented for all instrumentation used for monitoring,
j, indicating or recording:

ration schedule;

ext’scheduled calibration date.

d) then

9.2.2 0OQ for EO equipment is carried out either with an empty sterilizer chamber or using appropriate test
material to demonstrate the capability of the equipment to deliver the range of operating parameters and

operating

limits contained in the equipment specification. This range of parameters and operating limits should

include the initial sterilization process that has been defined (see Clause 8).

0OQ may include the following:

a) temperature distribution test;

b) humi

14

dity distribution test;
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c) air circulation test (if used);
d) chamber leak testing;
e) vacuum rates;

f) rates of addition of process gases such as EO, nitrogen, steam and air.

A chamber wall temperature study should be completed. The study should use temperature sensors located in
a defined arrangement in the chamber interior close to the walls and doors to verify adequate temperature

upiformity provided by the jacket heating system. The study should characterize the temperature
comparison on a periodic basis to assure the system continues to operate effectively. Instead of sef]
can be done using a pyrometer reading on chamber surfaces to reflect surface temperatures.

Ifithe OQ is done with an empty chamber, an empty chamber temperature and humidity distrib
should be completed using temperature and humidity sensors located in a defined a@rrangement tg
comparison with the chamber control temperature. Sensors should be evenly disttibuted and {
located at the middle, top, bottom, front and back of the chamber volume.(see Tables C.1 ar
ISO 11135-1:2007 for guidance on the number of sensors). Empty chamber,studies are useful to er
the installed equipment is capable of delivering the defined process (see CGlause 8) within defined td
This study can also be done with product, but it is important that material-or products are uniform s
variation in load configuration and density will not influence the results;

tlis recommended that pressure and/or vacuum tests be performed to detect chamber leaks. Th
should be performed in accordance with the sterilizer manufactdrer’s instructions and under condi
afe representative of a routine sterilization cycle.

The system software (e.g. computerized measurement, and control systems) should be tested i

conditions during OQ. The user is responsible for assuring the software is validated. If the sq
embedded in the equipment, the manufacturer is résponsible for the software validation.

9|3 Performance qualification

913.1 General

PR consists of rigorous microbiological and physical testing, beyond routine monitoring, to demon
efficacy and reproducibility of the sterilization process. PQ is normally not started until after compl
approval of the IQ and OQ testing. Acceptance criteria should include conformance with the specifig
the sterilization process(parameters and microbiological challenge.
913.1.1 No guidanice offered.

9)3.1.2 Noiguidance offered.

913.1.3 The product and load used during validation should be at least as difficult to sterilize as|
clallenging load expected during normal production. Changes in the load configuration/pattern carj
theethality of a sterilization process. It is important that the acceptable load configurations be sp

brofile for
sors, this

ution test
permit a
hould be
d C.2 of
sure that
lerances.
b that the

ese tests
tions that

n all fault
ftware is

strate the
etion and
ations for

the most
diminish
ecified. If

multiple load configurations are allowed, the load configuration used In the validation studies should

represent

the most difficult-to-sterilize configuration, or should have a known relationship to the most difficult-to-sterilize

configuration.

When the load is composed of products, such as surgical kits, that contain a number of different
(e.g. plastics, metals, cotton, etc.), it is very important to verify the load configuration because these

materials
materials

do not behave similarly when heated during preconditioning and conditioning. Some of the product

components will need additional time to meet the cycle specifications defined.
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During PQ, two types of load may be chosen:

a) dunn

age;

b) saleable product.

If the vali

dation load is to be re-used during PQ, the loads should be aerated and re-equilibrated to ambient

conditions prior to starting the next run. If equilibration time is insufficient, the load could be warmer than the
normal ambient conditions, or the load humidity may be much lower than the normal ambient load conditions.

Either of

these situations can produce data that are not representative of normal production. Too high a

starting temperature can produce an unrealistically rapid Kkill rate. Too Tow a humidity can produce, an

unrealisti

If saleabl
subjected

9.31.4
the place

Typical |
material
sterilizer.

Product
cases in
positionin

9.3.1.5

cally low Kill rate.

e product is used in validation studies, procedures should be established to ensure the)product |is
to a full exposure sterilization process and formal review of its acceptance prior to release to markget.

In specifying the presentation of product, both loading pattern (the composition of the load) and
ment of items within the load should be considered.

pad parameters to be defined may include stacking configuration, overall density, dimension
composition, and use and type of pallet wrap. The loading pattern should be documented for ea¢h
Reference load(s) may be specified and used for validation purposes.

»

lacement should also be specified. In a large industrial sterilizer,this would refer to the positioning pf
a pallet or tote. In a smaller sterilizer, like one used in @) health care facility, this refers to the
g of baskets, packs and rigid containers on a sterilization €arriage or carrier.

No guidance offered.

932 P

9.3.2.1

parametdr set to a value less than that used in.normal production. Parameters that are most often adjustgd
are the gps exposure time, gas concentrationsand process temperature. The process parameters chosen fpr
the micrgbiological portion of PQ should be.more challenging (in terms of the likelihood of achieving sterility)
than the parameters established for theoutine process. For example, the process time, temperature, relatiye
humidity,| and/or EO concentrations eould be run at setpoints that are at the lower extreme of the normial

process

acceptable lethality.

Other pa
than the
of the cyq
to minimi
cycle. W
taken int
operators

rformance qualification — Microbiological

Microbiological PQ (MPQ) is performed)by executing the sterilization process with at least one

nge. This would providesassurance that any observed values within the specified range will produge

ameters may be adjusted as necessary to provide assurance that the validation delivers less lethality
normal production process. Additionally, it is common practice to shorten the post-exposure phasgs
le or to remoéve Bls prior to the aeration phase or after an abbreviated aeration phase. This is done
ze “residual\Kill” of the Bls due to EO that is present in the load during the aeration phases of the
nen shortening the post-exposure phases of the cycle, factors such as operator safety should he
b account. If aeration times are reduced in validation studies, care should be taken to ensufe
are“not exposed to levels of EO that exceed regulated limits. The parameters selected for MPQ,

with the

vr\npfinn of exposure fimn’ should remain fixed +hrn||ghn| 1t MPQ

9.3.2.2

The microbiological challenge defined in MPQ should be designed to assure the required SAL is

attained for all product load combinations. To achieve this objective, it is common to use PCDs or a worst
case product to represent EO product families.

9.3.2.3

16

No guidance offered.
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9.3.24
Establishing relationship between developmental chamber and production chamber

If a research vessel/developmental chamber was used for process definition, consideration should be given to
establishing the relationship between data from the developmental chamber studies and data from the
production chamber. The development of the microbial inactivation curves is not always possible in production
chambers because of the size of the chamber and the time required to inject and remove EO in the chamber.
These long injection and vacuum times limit the ability to obtain the required fractional recovery of indicator
organisms. These inactivation curves may be developed in a developmental chamber that can deliver
efiuivalent parameters used In the production chamber. Methods Tor demonsirating a relationship beiween the
data developed in the developmental chamber and a production chamber involve a physicgal profile
copmparison and load density comparison. The sterilization conditions delivered in the developmental chamber
should be compared with the physical profile obtained in a production chamber.

Parameter comparison

It might be possible to establish the relationship between the studies performed in a developmental and
production chamber by comparing the following:

a) temperature set point and range within the preconditioning room (if used);

b) relative humidity set point and range within the preconditioning réom (if used);
c] preconditioning time;

d) temperature set point and range within the sterilizationnchamber;

e) relative humidity set point and range within the sterilization chamber;

f)] gas concentration set point and range within the sterilization chamber (if gas analysis equjpment is
available on the developmental chamber);

g) gas dwell time;

h) pressure vacuum/transfer depths and rates;

i)] microbial lethality;

j)| temperature set point’and range within the aeration room (if used);
k] temperature@and relative humidity range within the load.

The lowesttemperature location(s) in the load or the slowest-to-heat locations are generally considgred to be

tHe worst-case or most difficult-to-sterilize locations. If these conditions and locations are known for the
production chamber, they should be simulated in the developmental chamber.

Comparison—reguirements—can—vary hecause of the snecific _sterilizationcvcle and eguipment used. The
g < 4 1 Y e .

sterilization specialist needs to determine the applicability of data developed in a developmental chamber on a
case-by-case basis.

Product/load comparison

If a developmental chamber is used, test samples can be cosmetically defective, but they should be reflective
of what will be manufactured and packaged in the routine product/package configuration. Consideration
should be given to the use of new shipping containers for the studies, as the case dynamics might be different
if the cases have been exposed to EO in previous studies.
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The comparison of developmental and production loads should be based on equivalency of the load, not only
in terms of its weight to volume, but also in terms of the challenge that the product and its final shipping
configurations, as well as the load configuration, present to the sterilization process.

Duplicating the density and sterilizer volume in a developmental chamber may not reproduce all of the effects
on the sterilization process that are created by a production load. The penetration of many layers of a routine
production pallet load may affect the delivered lethality. Therefore, it may take longer to attain the same
lethality observed in the developmental chamber.

9.3.25 If chambers are to be assessed for equivalence, the approach should be defined in a formal
protocol ¢r procedure. It might not be possible 1o document equivalence until a 1ull validation study has beén
performed in the original chamber. It is more common to use equivalence to reduce the extent of revalidation
after valiflation data and routine production run data have been obtained and analysed. The degision @n
chamber| equivalency requires a formal documented review using professional judgment to~determine
additiona| validation requirements. See 12.4 of ISO 11135-1:2007.

9.3.3 Performance qualification — Physical
Results dgbtained from OQ should be used to identify features needing evaluation durifg-physical PQ.

9.3.31 If the microbiological PQ includes three consistent half cycle .funs, these may be used fo
demonstrate reproducibility of the process throughout the load as required in%9.3.3.1 a) of ISO 11135-1:200f.
Nevertheless, at least one additional qualification run is required, using the-foutine process specification, fo
demonstiate that specified acceptance criteria are met throughout the‘\load as required by 9.3.3.1 b) pf
ISO 11135-1:2007.

If the midrobiological PQ does not include three consistent half cycle runs or uses another validation methogd,
three rung using the routine process specification are necessary’to meet the requirements of 9.3.3.1 a) and p)
of ISO 11135-1:2007.

If, in any|of these runs, sterility or product functionality- fequirements are not met, or if process parametefs
cannot bg maintained within the defined limits, additional qualification runs are required after appropriafe
modificatlons are made. Qualification runs should be carried out with the maximum intended chamber load pr
with the groduct mix and load that are determined to be the most difficult to sterilize.

9.3.3.2

a) PQ ghould be performed with the-preconditioning area (if used) loaded to the specified maximum, as well
as in typical partially-loaded ;states. PQ should be carried out with the loading patterns and pallet
sepdrations specified in the-documented procedures. For large preconditioning areas where a small load
will ot have a significant.effect on the area dynamics, it is not necessary (and indeed may be impractical)
to pgrform the studies\with the preconditioning area in various loading states.

PQ ¢f preconditioning (if used) should be conducted using product that is at or below the minimum
temperature_specified for product to enter the preconditioning area. If it is anticipated that initial product
temperature~could vary, for example because of transport for sterilization at a remote facility, the design
of th¢ gualification testing should reflect this possibility.

The guidance on physical PQ of preconditioning also applies to the performance qualification of
conditioning (i.e. during sterilization). The minimum number of sensors should match the number of
sensors in Annex C of ISO 11135-1:2007.

b) No guidance offered.

c) No guidance offered.

d) If parametric product release is used, the EO concentration profile for the entire gas dwell period should
be assessed to determine how the gas concentration changes over the period.
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e) No guidance offered.

f) Temperature and humidity sensors should be located within the packaging (i.e. inside a shipper box or
within the product packaging) that will be placed in the sterilizer. When preconditioning is used, the
product should be preconditioned within the specified time range. When preconditioning is not used, the
temperature and relative humidity within the load should be within defined limits prior to the end of the
conditioning phase of the cycle.

The temperature and humidity profile within the sterilization load should be evaluated during the time that
is required for the sterilization load to attain the minimum predetermined temperature and humidity. The
temperatures and humidity levels obtained within the sterilization load after the maximum [permitted
period of preconditioning should also be established to confirm that conditions within the~léad will not
exceed the process specifications.

The temperature probes within the sterilization load should be placed in the locationsthat are most likely
to experience the greatest temperature variation. These locations should take ,into~account h¢t or cold
spots located during OQ. The locations of hot and cold spots within a load can be significantly different
than the locations in an empty chamber.

During validation, it is important to take into account the relationship between the load temperature and
the chamber temperature in order to assure adequate load temperature-in the routine process.

If sensors are used in the sterilization chamber and 100 % EOCor potentially flammable sterilgnt blends
are used, the temperature and humidity sensors should be intrinsically safe, or should be of an gxplosion-
proof design. These sensors should also be functionally compatible with EO and with any diluen{ gases.

g] No guidance offered.

9|4 Varying load configurations

Varying load configurations are normal in routine sterilization and it may not be feasible to test every single
configuration. Therefore, more than one.(worst case or reference load configuration may need to be
established, and/or appropriate PCDs developed to reflect this diversity. Temperature and humidify profiles
should be determined for the referencedoad(s). From practical experience it has been found that an jadequate
profile is provided by the use of the.same number of probes as for the temperature distribution in the empty
chamber during OQ.

9|5 Review and appraval of validation
9J5.1 No guidance offered.

9J5.2 Any discrepancies observed during the validation process should be documented, and their| effect on
the results ofithe validation should be determined and documented.

9J5.3 _No"guidance offered.

9J/5:4) No guidance offered.

9.5.5 Parametric release is an approach to sterile product release wherein product is considered to be
sterile if the essential physical processing parameters are in conformance with the specifications established
during the validation for the specific product(s) in a defined load. Parametric release is based upon a
documented review of processing records rather than the testing of biological indicators or PCDs for sterility.
(See 10.2 of ISO 11135-1:2007 for more information.)

NOTE EO sterilizers used in health care facilities might not be adequately equipped to permit parametric release of
product.

9.5.6 No guidance offered.
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10 Routine monitoring and control

10.1 General

a)

The

ambient temperature of products entering the preconditioning area should be at or above the

minimum temperature specified during validation (see 9.5 of ISO 11135-1:2007). It may not be necessary
to determine the temperature of product prior to preconditioning where the conditions of storage are
known. If the product has been exposed to extreme temperatures, for example during transport, it may be

ssary to store the product prior to preconditioning, to allow the internal temperature and humidity to

izewithin acceptable ranaes
Ll ~J

reference position for routine monitoring of temperature and relative humidity during preconditiening
Id be correlated to the location at which it is most difficult to achieve the desired conditions. Dafa
this routine monitoring should be reviewed for acceptability before product is released for stérilization.
uidance offered.

ced circulation system is recommended to assure homogeneity of conditions within the steriliz

[
=

circulation is ineffective. Devices that monitor “power on” to the fan or pump ate not sufficient.

No guidance offered.

No guidance offered.

The |humidity is typically calculated by measuring pressure“changes. (See also AAMI TIR15[°]) TI
humidity in the chamber is typically calculated by measuring the partial pressure of water vapour inject

into {he chamber. The relative humidity value is then determined using the steam tables by a ratio of tf
partial pressure to the saturated vapour pressure for the actual cycle process temperature. This will

ber. The gas circulation system should be equipped with a monitoring device that indicates when

e

d

e

bte the relative humidity value in the head space of the chamber and will be accurate until load pr
reactions impact the actual water vapour content in the head space. For direct monitoring,

0.2.b).

uidance offered.

AAMI TIR15[°] for more information.

uidance offered.

uidance offered.

uidance offered:

ving guidance is provided for health care facility applications.

Extérnal chemical indicators in health care facilities.

Sterilizer indicator tape, an indicating label or an indicating printed legend should be affixed to or
printed on each package assembled by the health care facility that is intended for sterilization. The
purpose of external chemical indicators is to differentiate between processed and non-processed
items. They do not establish whether the parameters for sterilization were achieved. Indicators
should be of Class 1 specification in accordance with ISO 11140-1.

Internal chemical indicators in health care facilities.

An internal chemical indicator may be used within each package to be sterilized. If used, the
chemical indicator should be placed in that area of the package considered to be the least accessible
to EO penetration; this may or may not be the centre of the pack. While internal chemical indicators

nece
stabi
b) The
shou
from
c) Nog
d) Afo
cha
e)
f)
9)
indic]
othe
see
h) Nog
i) See
j) Nog
k) Nog
) Nog
The follo
1)
2)
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do not verify sterility, they allow detection of procedural errors and equipment malfunctions. The use
of chemical indicators that respond to all the parameters of the EO process is beneficial.

The internal chemical indicator is retrieved at point-of-use and interpreted by the user. The user
should be adequately trained and knowledgeable about the performance characteristics of the
indicator in order to make an informed decision based on the result shown.

If the interpretation of the indicator suggests inadequate EO processing, the contents of the package
should not be used. The complete unused package, including load identification and the chemical
indicator, should be returned to the processing department for appropriate follow up. The results of

the physical monitoring, chemical indicators elsewhere In the load, and the biological
not. Records of this review should be retained. A single non-responsive or inconglusive

indicate problems associated with incorrect packaging, incorrect loading of thecsterilizer, ov

that the item where the indicator is placed is sterile.

10.2 Parametric release

Phrametric release is a method of releasing product from sterilization as sterile without the use of B
nstead on a demonstration of conformity of the physical processing parameters to all specifications.
data should be gathered for additional processing parameters such as direct analysis of chambsg
imidity and EO concentration, in order to assure that the'sterilization process has met specification.

>0

a) The requirement to measure temperature within the sterilizer from a minimum of two points is es
in order to ensure that an undetected fault;in' a temperature sensor does not lead to the in
release of an improperly processed load\ This requirement can be met with separate reco
monitoring sensors (see 6.2).

b} Direct analysis of the head spacé can be performed using electronic sensors, GC, IR
spectroscopic methods currently available to indicate water vapour concentration and calculat
relative humidity value. The benefit of these methods is the real-time indication plus mea
throughout the exposure-phase without the impact of load or reactivity effects. Electronic senso
periodic calibration tooffset the effect of exposure to the EO gas and may require replacen
repeated exposures-due’to irreversible deterioration of materials currently utilized as sensing ele

c] The frequency-of-analysis required to demonstrate that the minimum gas concentration is nj
throughout EO,"exposure should be established during the validation studies. Monitoring throu
gas exposure dwell period should also be done as part of the validation, in order to determing
gas concentration changes over time. The results of this analysis are specific to the product
configuration being analysed. The analysis performed during the validation study will
documented specifications for how often direct analysis should be performed during the c
recommended that, at a minimum, direct analysis of gas concentration be performed during the

Indicators should be of Class 3, 4, 5 or 6 specification in accordanee with ISO 11140-1:2004.

onitoring,

should be reviewed, in order to reach a conclusion as to whether the entire load should be-recalled or

indicator

should not be considered as evidence that the entire load is non-sterile. Chemical indichtors can

erloading

of the sterilizer chamber, malfunctions of the sterilizer, incomplete delivery” of the sterilization
parameters, or inadequate preconditioning. The “pass” result of a chemical indicator does pot prove

s, relying
Therefore,
r relative

tablished
advertent
ding and

or other
on of the
surement
rs require
hent after
ments.

aintained
ghout the

how the
and load
result in
cle. It is
b first and

last pnrtinne of gas-exposure

Particular attention should be given to the measurement and documentation of humidity during conditioning,
and that of gas concentration during exposure. The direct gas concentration measurement using IR, GC,

microwave, and other similar technologies is more accurate than using gas weight and pressure to

calculate

the gas concentration. Therefore, during parametric release, this measurement provides a gas concentration

at that position in the chamber throughout the entire exposure phase without any restrictions of
effects or load impact. The reproducibility and accuracy of the results from direct analysis s

reactivity
hould be

determined during validation. Routine cycle analysis should fall within the determined range for the cycle to be

acceptable.
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It may be
the cham

necessary to introduce an equilibration time at the start of the gas dwell phase of the cycle, to allow
ber concentration to stabilize as the gas is distributed throughout the chamber and penetrates into

the void spaces in the load.

NOTE 1

Due to several factors, such as selective adsorption of EO in the load and the volume taken up by load, the

values obtained by calculating the concentrations can differ considerably from direct measurement values.

NOTE 2

11 Pro
11.1 Th

a) a fon
proc
steril
othe

b) nog
releg
proc

Routine 1
paper req
records {
documen
qualified

If a proc
alteration
can be ug

11.2 If

Health care facilities do not routinely use parametric release.

fluct release from sterilization
b criteria for releasing a sterilization load are based on the following:

mal review of the process documentation by a designated individual (or by a validated” automat¢d
pss) to verify and document that the physical cycle variables are within the toleranges’defined in the
zation process specification; formal release of the load from sterilization may require results from
tests (e.g. EO residuals, endotoxin, physical testing, etc.) before it can enter the distribution chain;

fowth of test organisms from any of the processed Bls following incubation. If, however, parametiic
se has been approved and used, product may be released based ©nCompliance with specifigd
pss variables and parameters.

elease of a product following sterilization may be based on a-review of electronic records in lieu pf
ords. Likewise, required signatures may be made electroniCally. Users of electronic signatures and
hould be aware of, and should meet, national and/or international requirements for this type pf
fation. The review of processing records and the décision to release should be performed by
ndividuals.

bss does not fulfil all of the requirements above, the cause should be investigated. If repair pr
to the equipment is required, the necessary 'qualification should be performed before this process
ed again.

non-confg
ISO 1348

Failure to
should le
This inve

the sterilization process exhibits -a_non-conformity, 11.2 of 11135-1:2007 requires that the
prmity be addressed per documented procedures in accordance with 4.2.3 and 8.3 pf
5:2003.

meet the physical specification or the observation of growth of indicator organism from Bls (if use
d to the sterilization load"being placed in quarantine and the cause of the failure being investigatef.
tigation should be documented and the subsequent handling of product should be in accordan

g
o =

Id
Is
e

re-sterilization.

11.3 If saleable product is used in validation studies rather than “dunnage” material, it is important to assess
the effect of repeated exposures to the validation/sterilization processes on product functionality, and levels of
residual EO and/or reaction products should be considered.

22
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12 Maintaining process effectiveness

12.1 General

To ensure that the sterilization process continues to deliver the required SAL, it is necessary to evaluate any
changes to the product and packaging, the processes and equipment. The use of a comprehensive product
and process change control system is recommended.

12.1.1 One parameter commonly monitored to assure the continued ability to sterilize the load is the product
bieburden—The-bicburden-should-be-monitored nnrlnﬂlﬁgll\/ 1f nghlflf‘ﬂhf r\hgngne are-observed-inthe number

and types of microorganisms, their possible effect on the ability to adequately sterilize the load-ghould be
eyaluated.

I a health care facility, it is recommended that there be a periodic review of the data on the effectiyeness of
the cleaning/decontamination process, to confirm that the process is still effective and provides jadequate
bioburden reduction in preparation for the subsequent sterilization process. Decontaminated medical devices
s:l:ould be visually examined for cleanliness prior to terminal sterilization. Medical. devices that are |not clean
should not be sterilized. Procedures should be maintained for the decontamination and maintenance of each
mledical device based on the manufacturer's recommendations, the intended use of the device| and the
capabilities of the decontamination resources of the facility (see ISO 17664 and the 1ISO 15883 serieg).

t|is essential for health care facilities to obtain from the manufacturers detailed reprocessing instructions
specific to the medical device, e.g. disassembly. Policies and procedures should be in place to ensure that
medical devices are decontaminated.

12.1.2 Documented programmes for calibration of the sterilizing and monitoring equipment are nedessary to
agsure that the process continues to deliver product having the required SAL and performance charafteristics.

-—

.2 Maintenance of equipment
12.2.1 In order to be effective, preventive maintenance activities should follow a defined schedule [based on
the manufacturer’'s recommendations and\the performance of the equipment. The procedures ghould be
dpcumented, and maintenance personnel‘should be trained.

Epuipment to be maintained and/or calibrated on a routine basis may include, but is not limitgd to, the
fdllowing preconditioning, chambeér and aeration equipment:

a) gaskets and seals;

b) monitoring gauges;

c] EO monitafing’ equipment (i.e. environmental and/or chamber);
d] door safety interlocks;

e] -Safety pressure relief valves or rupture discs;

f) filters (for periodic replacement);

g) volatilizers/vapourizers;

h) chamber jacket re-circulation system;

i) chamber jacket system (for corrosion and insulation);
j) audible and visual alarms;

k) temperature and humidity sensor equipment;
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I)  boiler system for steam and heat supply (i.e. steam quality and quantity);

m) evacuation equipment (vacuum pumps);

n) weighing scales;

0) valves;

p) pressure transducers;

q) timets;

r) recolders;

s) circujation systems.

12.2.2 Jterilization equipment that is not calibrated or is not properly maintained can generate an inaccurate

record of{the process parameters during the sterilization cycle. If these data are used-for*product release,
could resplt in loads being released that have not been adequately sterilized.

12.2.3 No guidance offered.

12.2.4

indicated

If is necessary to periodically review the maintenance records and to’make any adjustments that a

by the data.

12.3 Repualification

12.3.1 I

intervals
validation] remains valid. It is common practice to performi*an annual validation review of the overall proce
(precond
the validgtion state of the process has been maintaihed.

tioning, sterilization, aeration) performance and engineering changes during the year to ensure th

The requplification programme should definexacceptable ranges and levels of variability in performance th
are requi

ed to maintain the validity of the original validation from year to year.

12.3.2 Requalification should includeya review of the chamber performance and engineering changes th

were magle during the year to ensure that the results from the original 1Q and OQ are still valid. This revigw

should in

a)
b)

c)

the t

clude a review of:

bmperature and rélative humidity profiles of the preconditioning areas (if used);

the gnnual empty.chamber temperature profile;

the t

pmperature of the aeration areas (if used).

Additionally;-adverse trends in equipment performance, or sterility failures that occur even though proce
specifica

is important to formally assess the need for requalification of the sterilization process at defingd
fo ensure that inadvertent process changes have\not occurred and to demonstrate that the originjal

it

[e

5S
at

bS

IoNns are being met, should be examined 10 determine whether requalification IS warranted.

Based on this review, the sterilization specialist should determine the extent of physical and microbiological
requalification required. The review and decision made should be documented. There are three (3)
requalification options available as a result of the review:

24

1)

Full Qualification — consisting of physical and microbiological PQ. This may be required in certain

situations, e.g. following a significant change to product/packaging design or configuration (creating
new “worst-case” condition), process design or equipment/services.

a

No physical or microbiological requalification required — In circumstances where no changes have

been made to product, packaging, equipment/services and process, acceptable chamb
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performance and engineering review, and the routine sterilization process has operated reliably in
the intervening period, then professional judgment may be used to justify that no physical or

microbiological requalification efforts need be performed before the next review.

3) Reduced microbiological performance qualification — This may be required in certain situations, e.g.
to verify continued appropriateness of the Bl relative to the product bioburden, or, after a defined

interval, to provide evidence that there has been no inadvertent change since the
(re)qualification study. This would typically include, minimally, one fractional or half cycle
including load temperature and humidity measurements. Fractional cycles in a devel
chamber may also be used to support a revalidation programme.

previous
exposure
opmental

It is recommended that a reduced microbiological performance qualification study be(pér
least every two years to verify that the documented paperwork review has captured any ¢
the product or sterilization process.

I all of the above cases, it is important to document the decisions taken as well as the rationale
decisions, and to define the plan for future review of requalification.

12.3.3 A requalification study may be required if a change has been madé’in materials, man
location or processing method which may impact the product bioburden resistance. The stud
déemonstrate that product bioburden has not increased to a level or resistance which would invalida
the Bl or PCD, or compromise achievement of the required SAL.
12.3.4 No guidance offered.
12.3.5 No guidance offered.
12.3.6 No guidance offered.
12.3.7 No guidance offered.

12.3.8 No guidance offered.

1R.4 Assessment of change
Requalification may be required to be performed after:

a)l maijor sterilizer repairs({replacing controls, replacing plumbing packages, major rebuilding or inst
major new compongnis);

b} construction, rélecation or environmental changes;
c] unexplained sterility failures;

d) changes in EO supply or delivery, diluent or chamber load patterns.

ormed at
nanges in

for those

Iifacturing
y should
te use of

allation of
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Annex A
(informative)

Guidance on ISO 11135-1:2007 Annex A
Determination of process lethality — Biological indicator/bioburden
approach

A.1 Geheral

This anngx provides further guidance to information in Annex A of 1ISO 11135-1:2007, and-supplementa

guidance| to information in Clauses 8 and 9 of this Technical Specification. Since\ the biologigal

indicator/pioburden approach and the overkill approach use many of the same procedures; some of the text
this annek duplicates text in Annex B.

If the profluct bioburden is tested at frequent intervals, then a biological indicator/bioburden approach may be

used for process definition.

The combined biological indicator/bioburden approach is based on the usgé of a resistant Bl or other PCD wi
a population that is equal to or greater than that of the bioburden. Thissmethod is appropriate when sufficie

bioburde data are available from the bioburden monitoring programmé to demonstrate that a Bl or other PQD

with a population of less than 108 can be used.

The relafive resistance and population of the Bl or PCD(should be compared with the resistance and
populatioh of the bioburden typically associated with the product. By knowing the bioburden resistance and

the relatipnship of the bioburden resistance to the Bl resistance, one can use a Bl in the cycle to predict th

e
sterility agsurance level that will be achieved for the bioburden. The log reduction achieved for the Bl can he
e

used to ¢alculate the sterility assurance level achieved for the bioburden with the most resistance to th
sterilizatipn process.

If this is fhe case, then the Spore Log Reduetion (SLR) data developed in a lethality study for the Bl can be
used to demonstrate the effectivenesstof ‘the process for the product. If the data are generated using an
enumeration method, then the SLR ¢antalso be predicted from the survivor curve data that are generated. The

user shotlild be aware that the mifimum cycle time derived from this approach is not, by itself, adequate

validate the sterilization process:\Demonstration of the ability to maintain process parameters within defingd

limits during the proposed fullleycle is required.

A.2 Procedure

A.21 he loeation within the product at which sterility is most difficult to achieve may include not only thoge

areas thgt have reduced sterilant penetration, but also those areas that are more likely to have a significa
amount of bioburden present. See 7.2 of ISO 14161:200003].

Iy

in

th
nt

fo

rt

Aspects to consider are:

a) the length and inside diameter of lumens, and whether or not the wall of the medical device allows

diffusion of EO;
b) absorbency of the different parts of both the product and material,
c) weights and densities of items;

d) load configuration, especially for a mixed product load.
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A.2.2 Annex A of ISO 14161:2000 provides additional guidance on the application of the relationship
between the Bl and the product bioburden in the biological indicator/bioburden approach.

A PCD might be used and, for this method, should be shown to provide a greater challenge to the sterilization
process than the product it represents. The resistance of the PCD must be at least that of the natural
bioburden located in the most inaccessible portion of the load. See 7.1.5 for information on the development
of PCDs and 8.6 for information on determining the appropriateness of the PCD.

A.2.3 No guidance offered.

AlZ.4"Obtaining microbial enumeration data, or fractional kill data, requires exposing the microbial thallenge
tq less lethality than is present in the normal production cycle. This is usually accomplished by reducing the
exposure time while holding all other parameters either constant at nominal conditions;‘or at| selected
nfinimum acceptable processing conditions. Utilizing the allowed minimum process températurg for the
enumeration study assures the required lethality is obtained when operating within the specified temperature
rgnge.

The parameters that primarily affect lethality are exposure time, EO concentration,*humidity and temperature.
Iflan adjustment of parameters other than exposure time is made, the overallZeffect to the cycle ghould be
eyaluated since the adjustment may not achieve the desired result because\the parameters are interrelated.
Fpr example, the result of decreasing temperature would actually increase-EO concentration if no ¢hange is
made to the gas pressure.

Al2.5 It is possible to combine the enumeration and fraction negative approaches for determining Iethality or
Dfvalues. The two approaches are based on different calculationnmethods. Users generally select one method
or the other for determining process lethality.

Al2.6 The data obtained from process lethality studies’are used to establish the minimum EO gas|exposure
time required for the sterilization process. If these studies are performed in a research vessel, cautipn should
bg¢ taken in directly applying this time to the sterilization process because kill curves (lethality rates or D
values/SLRs) are specific to the process parametérs, chamber load configuration, and PCD placemgnt within
the load used for the study.

A.3 Process lethality determination

It|should be noted that to detetmine the lethality of a sterilization process, the lethality that is imparted during
the other phases of the sterilization cycle (e.g. EO injection and removal) may need to be taken intp account
tg achieve linear and aceurate survivor curves. Several methods in the published literature address fhis issue
including Mosleyl'6], Mosley and Gillis['”], Mosley and Gillis['8], Mosley et al.[19, and Rodriguez et al[21.

A.3.1 Direct enumeration

This method) consists of exposing PCDs or Bls to the experimental cycle, removing the challgnge and
performing viable microbial counts on the samples or challenge indicators. The survivor count may He used in
déveloping a survivor curve and D value. The D value or SLR value is then calculated using an appropriate
rggression model. See A.3.1.2 of ISO 11135-1:2007.

A3.11 If survivor curve data are used to establish the exposure time, then the time requirement to
achieve the maximum survivor value (102) can be calculated from confidence limits. In this case, the
probability of a positive Bl will be significantly reduced, but it can never be zero. For example, if a product
were to have a bioburden of up to 100 microorganisms, then an 8 SLR of the Bl would result in an SAL of 10-5.

To determine process lethality, several types of calculations are used. These include the calculation of the
SLR of the process, the D value of the spores, and the resulting SAL of the sterilization process. The following
are explanations of how to perform these calculations.

SLR is a method used to estimate the decrease in the viable count of microorganisms on a medical device or
in a load. The value can then be used to estimate times to achieve various sterility assurance levels.
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ation A.1 to calculate the SLR:

SLR =log(Ng)-log(N,)

where

SLR is the spore log reduction;

No

N,

is the initial population (e.g. 2,31 x 106);

(A1)

is the population at time ¢ (e.g. 36).

Followind is a worked example:

If the

Log Ny = l0g(2,31 x 106) = 6,364
Log N, = log(36) = 1,556

5LR = 6,364 — 1,556 = 4,808 ~ 4,8

—§ =0,160 log/min

Basgd on the above, the EO dwell time for a 12 log reductien would be:

12

t=—4——=75min

g,160

Calculatipn of D value from SLR:

Use Equation A.2 to calculate the D value from the SLR:

D value

_ Time (min) 30 min

=6,25 min
SLR 4.8

Calculatipn of SAL from D yalue and SLR:

Use Equations A.3, A.4/and A.5 to calculate the SAL from the D value and the SLR:

AssUme a sterility assurance level of 106 is desired

Ny =

108

population reduction was the result of a 30 min EO dwell time, then-the SLR/minute is:

(A.R)

Required N, = 106

Required SLR = log(108) — log(106) =6 — (- 6) =6 + 6 = 12

Time = (D value) x (Required SLR) = 6,25 min x 12 = 75 min
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If the required SAL is 10-3, then the resultant time is:
Required SLR = log(10%) — log(103) =6 — (-3) =9
Time = D value x Required SLR = 6,25 x 9 = 56,25 min

Dwell Time

SLR=—""—"= (A.3)

D value
— Nettog Drop=StR=fog{AssumedinitiarPoputatiorn) (A.4)
SAL — 10*Net LOg Drop (A5)

Fpllowing is a worked example:

— Dwell time = 120 min

— D value = 6,25 min

—  Assumed initial population = 106
— Log Assumed initial population = 6

Total SLR =—22™MN _ 49 5 10g drop

6,25 min

Net LogDrop=19,2-6=13,2

SAL=10""32 ~ 10713

Al3.1.2 No guidance offered.

AL.3.2 Fraction negative method using Holcomb-Spearman Karber procedure

There are two forms of the-Holcomb-Spearman Karber (HSK) procedure. The simplest, mathematically, is the
Limited HSK procedure,-In"practice, this method is much more difficult to implement than the Unlimited HSK
method.
T
p

ne Limited HSK~procedure was developed before computers were commonplace, and calculatipns were
prformed manually. The Limited HSK procedure requires:

a) all time jncrements to be the same (e.g. exactly 2 min increments in the exposure time for each nun);

b} exactly the same number of valid PCD/BI samples in each run.

Thesetwo timitations Tequire the entite series of teststo be rerun i the time mcrements betweemn tuns were
not properly selected, or a PCD/BI sample was lost or not suitable for some reason.

The Unlimited HSK procedure has neither of the above limitations, but the calculations are more complex than
in the Limited HSK procedure. If the user develops and validates a spreadsheet to perform the calculations for
the Unlimited HSK procedure, then there is no reason to use the Limited HSK procedure. When using the
Unlimited HSK procedure, if the initial time increments do not result in the required number of fractional growth
samples, the user can simply insert another run at a time that should result in the required minimum number
of fractional growth samples. If a PCD/BI is lost, or unsuitable for some reason (e.g. dropped), the calculation
simply utilizes the valid number of PCDs/Bls. The paper by Shintani et al.[23] provides worked examples to
help validate the spreadsheet, and also provides the equations necessary to calculate the upper 95 %
confidence limit for the D value.
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The HSK method will generate data similar to that in Table A.1 (the exact number of points used in the
analysis may be different from the example in the table).

Table A.1 — Example of Unlimited HSK data set

Time of exposure to No. of test samples Number of test samples showing
sterilant exposed no growth
tl- n; 7;
Ly 1 Ly = 0
) ny T2
I3 ng r3
Iy ny Ty
ls N5 "5
lg g e = g
17 ny e Sy

NOTE
sterilant #
samples s

For expo
are calcu

Vi =

For each
and y; ca

Hi=

The mea

t, is the shortest exposure time to sterilant at which all test samplés show growth. Times of exposure
to #5 are in the quantal region. Exposure times #; and #; are the first two exposure times at which all tqg
how no growth.

sure times ¢4 to ¢,,_4, where m is the first exposure timewhere all Bls are negative, the factors x and

ated from Equations A.6 and A.7:

li T i1 (A.
2

it _ 1 (A.

iy 1

exposure time, the value g is then determined from Equation A.8, using the individual values of

culated above:

X; XYy (A

n time to obtain_no growth from any test sample is then calculated in Equation A.9 as the sum of

for each ¢xposure time-from 7, to 7,,_4:

ﬁ:

to
st

y

Z Hi (A.

The mean D value can then be calculated from Equation A.10:

D=

where N

30

£ (A10)

0,250 7+|Og10 NO

is the initial number of organisms on the test sample.
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