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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
non-gove nmental in liaison with 1SO, also take part in the work. 1SO coIIaborates closely W|th tr
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 mai
adopted py the technical committees are circulated to the member bodies for voting\ Publication as 3
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,
technicallcommittee may decide to publish other types of document:

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

— anl
an |

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

An ISO/RAS or ISO/TS is reviewed after three years'in order to decide whether it will be confirmed for
further thfee years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmedl, it is reviewed again after a further.three years, at which time it must either be transformed into 3
International Standard or be withdrawn.

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

ISO/TS 1[7665-2 was prepared by Technical Committee ISO/TC 198, Sterilization of health care products.

ISO 17665 consists of the-following parts, under the general title Sterilization of health care products — Mo
heat:

— Part|1: Requirements for the development, validation and routine control of a sterilization process ff
medical devices

task of technical committees is to prepare International Standards. Draft International Standards

and

e

n

a

in
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g
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n

— Part 2. -Guidance on the application of ISO 17665-1 [Technical Specification]
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Introduction

:2009(E)

The guidance given in this Technical Specification is not intended as a checklist for assessing compliance with
ISO 17665-1. This guidance is intended to assist in obtaining a uniform understanding and implementation of

ISO 17665-1 by providing explanations and acceptable methods for achieving compliance with
o : L . ) _ :
gyidance may be used. However, the use of alternative methods has to be demonstrated to be-e
athieving compliance with ISO 17665-1.

The main body of this document is applicable to all settings where moist heat sterilization is carrieg
annexes to this guidance document also specify detailed means of implementing-the require
ISO 17665-1 and represent current best practices.

The numbering of the clauses in the main body of this Technical Specifieation corresponds f{
130 17665-1.

Medical devices reprocessed in health care facilities include a wide yariety of product with varying
bioburden. Appropriate and thorough cleaning and, where necessary for safe handling, decont
pfocesses are essential prior to presenting product for sterilization. Mixed product loads are cd
healthcare facilities with throughput volumes dictated by historieal and predicted demand for sterile p

Health care facilities do not normally specify sterilizationprocesses for any individual medical devic
is|impractical for health care facilities to determine bioburden on a medical device. It is important that
instruments be disassembled before decontamination and thoroughly inspected after completig
sferilization process. Reassembly and assessment, of functionality are also needed. Therefore, thg
dévice manufacturer's instructions (see 1SO-17664[23]) should be followed for all aspects of
disinfection, packaging and sterilization. Many devices can be fully immersed and can be wa
disinfected in automated equipment (see IS0 15883119-22]). For devices that cannot be fully imme
that cannot tolerate thermal decontamination, alternative methods of disinfection should be used

safe handling. Such procedures and\policies should be in place to ensure that medical devices
ppropriate reprocessing. Particular-attention needs to be paid to the drying and storage of sterilg

If| multiple sterilization cy€les can lead to degradation and limit the useful life of a medical de
mlanufacturer will specify the number of reprocessing cycles that can normally be tolerated.

When selecting a“medical device, priority should be given to properties such as ease of cleg
disassembly.

Afditional. guidance specific to health care is offered in Annex D of this Technical Specification.
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TECHNICAL SPECIFICATION ISO/TS 17665-2:2009(E)

Sterilization of health care products — Moist heat —

Part 2:

Guidance on the application of ISO 17665-1

11 Scope

This Technical Specification provides general guidance on the development, validation and routine [control of

moist heat sterilization processes and is intended to explain the requirements-set forth in 1ISO 17665-1. The

gyiidance given in this Technical Specification is provided to promote good“practice related to moist heat

sferilization processes and to assist those developing and validating-'a/moist heat sterilizationl process

agcording to 1ISO 17665-1.

NPTE 1 The structure of the main body of this ISO Technical Spécification (Clauses 1 to 12) correspopds to the
fructure of 1ISO 17665-1, so that the guidance given under a particbilar clause or subclause of this part of |SO 17665

idance for

0 QO 0

ITphes to the requirements given in the corresponding clause or.subclause of ISO 17665-1. For example, gu

%)

O 17665-1:2006, Annex A. See also Annexe E.

>z

hnex D.

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

ISO 17665-1:2006, Sterilization of health care products — Moist heat — Part 1: Requirement
development, validatiomand routine control of a sterilization process for medical devices

NPTE The normative references in ISO 17665-1 refer to published standards, the content of which should
agsist in demonsirating compliance to the clause in which they are cited. Some are required mainly for
sterilization ,in,industry or for manufacturers of moist heat sterilizers and could go beyond typical practice
performing_sterilization in health care facilities.

bclause 5.2 of ISO 17665-1:2006 is given in 5.2. This guidance is provided in addition to the guidance

DTE 2  Special considerations specific to sterilization-processes performed in health care facilities arg

given in

given in

or dated

rdferences, only the edition cited® applies. For undated references, the latest edition of the r¢ferenced

s for the

be used to
moist heat
for those

IS0 176651 speC|f|es a number of methods and procedures that can be used to monitor st

p
references cited describe the speC|f|cat|on and test methods used by commercial suppliers to qu

rilization

alify their

products. The user of such products should ensure that purchased products comply with these standards, but

will not normally need to refer to the standards.

ISO 17665-1 specifies the use of packaging complying with 1SO 11607-1 and ISO 11607-2. Healthcare

facilities should purchase packaging complying with these International Standards.

One method of process validation specified in ISO 17665-1 is based on the determination of bioburden. The
ISO 11737181171 series specifies a number of microbiological methods used during this process. Health care

facilities would not normally utilize this approach for process validation.

© 1SO 2009 — All rights reserved
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3 Terms and definitions

For the purposes of this Technical Specification, the terms and definitions given in ISO 17665-1 and the

following apply.

31
tests for sterility

technical operation defined in pharmacopoeia performed on product following exposure to a sterilization

process

4 Quality management system elements
The guidance offered in Annex A of ISO 17665-1:2006 applies.

NOTE For additional considerations specific to health care facilities, see Clause D.2.

5 Sterilizing agent characterization
5.1 Sterilizing agent

511 oist heat is water at elevated temperatures. Moist heat may be provided-as saturated steam or c3
be genergted in situ by applying thermal energy to water already present in the\product. Moisture acts as th
medium fpor transferring thermal energy to microorganisms.

51.2 ontaminants suspended in the sterilizing agent can be bothtoxic and corrosive and may generate
barrier bgtween the microorganism and the sterilizing agent. They originate from water, that is heated
evaporat¢d into steam or from contact between materials and.the sterilizing agent during generation ar
transport|to the sterilizer (see Clause 6, Clause 7 and Annex A), If the level of contaminants in the sterilizif
agent can be affected by the quality of the feed water to the steam generation system, the feed water qual
should bg specified.

5.2 Microbicidal effectiveness

The micrpbicidal activity of moist heat is based‘on the temperature and the duration of contact between wat
moleculef and microorganisms.

For the [purpose of moist heat sterilization there are a number of acceptable time and temperatu
combinat|ons recognised by some-pharmacopoeias. These combinations include but are not limited to thos
listed in Tlable 1. All combinations listed are based on the concept of overkill with a safety factor that has beg

establish¢d for saturated steam-or water in contact with the microorganism. Superheated steam behavgs

more likg a dry gas and has\a low microbicidal effectiveness compared with saturated steam. Superheate
steam cah result from préssure reduction and/or thermodynamic compression of saturated steam. It can als
occur from the rehydratien of parts of the sterilization load, particularly those parts containing natural fibre
Superhegted steam-conditions can be minimized by engineering of the steam supply system, for example by,

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

re
be
1q

d

[0)
S.

g

a) havqg a,series of pressure reduction stages from the supply pipe to the sterilizer chamber and ensurir

b) ensuring steam velocity does not exceed 25 m/s;

c) ensuring materials made from natural fibres are pre-conditioned to a humidity greater than 40 % RH prior

to sterilization.

2 © 1SO 2009 — All rights reserved
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Table 1 — Examples of minimum temperatures and times established
for adequate levels of microbial lethality in sterilization processes

Temperature Time
°C min
121 15
126 10
134 3

—

h
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A

sterilization.
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p
th

T

p
ol

cause damage of. degradation to the product.

3 Material effects

aterial effects are generally limited to deformation and fracture caused by the temperatires and pre
e sterilizing agent.

4 Environmental considerations
finciples of an environmental management system can be applied te ‘a/moist heat sterilization
O 140010l provides a specification for an environmental management system. 1SO 14040[12]

lidance on designing a life cycle assessment study. The presenceyof noxious substances in the
bm the sterilizer should be considered. Further guidance on this €lause is given in E.3 of ISO 14937

Process and equipment characterization

DTE The purpose of this activity is to characterize the entire sterilization process and the equipment ng
bliver the sterilization process safely and reproducibly.

1 Process

1.1 General
sterilization process should be specified for each product family and/or load configuration pres
rocess parameters should apply to the equipment used. They should be optimised to ensure that f
oduct families specified’exposure conditions will be routinely obtained throughout the sterilizer char
e maximum temperatures and rates of change of process variable (e.g. temperature and pressur
he sterilization process specification should include all the process parameters that define the

the-operating cycle over which lethality is established should be identified, and the upper and lowe

etch process parameter that can affect both this lethality and the performance of the medical devi

ssures of

process.
provides

exhausts
. [15],

cessary to

ented for

r defined
nber, and
p) will not

exposure

ofile throughout the operating cycle. It should also include the ones used to verify reproducibility. The portion

r limits of
ce should

mnad

a
TCTTTOTT

Provision should be made to record data for judging the effectiveness and suitability of a routine sterilization
process. The accuracy of measurement should be related to the tolerances of the process parameters.

If it is proposed to use an existing sterilization process to treat a new medical device, the existing sterilization
process should be detailed and contain information and data sufficient to enable process definition
(see Clause 8) to be carried out for the proposed new medical device(s) or loading configuration. The
challenge identified for the new medical device or loading condition should be less than or equal to the
challenge from the existing sterilization load(s). For some product families, assurance that defined exposure
conditions will be reproduced might only be possible if the size of the sterilization load and the load
configuration have been clearly defined.

©
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If biological indicators and chemical indicators are to be used, they should not replace routine monitoring,
measurement of process variables and any periodic tests.

Compatibility of a new medical device to the least favourable sterilization process conditions should be
assessed. Such assessment should include process parameter tolerances, uncertainties of measurement
associated with process parameters and the quality of the services (see Annex A).

Any restrictions on the size and mass of the sterilization load and its configuration should be identified and
included in the operating instructions.

The relatjonship between the temperature measured at the reference measuring point and the temperaiufe
measured in the sterilization load should be known for each product family.

The perfgrmance of a medical device can be affected by contaminants on its surface. The contamihants and
maximun) acceptable concentration(s) contained in each fluid coming into contact with the medical devige
should be specified and included in the sterilization process specification. Some of the contaminants and their
maximun) levels which need to be considered are identified in Annex A.

6.1.2 Saturated steam processes

=

Steam mpy be generated in, or admitted to a sterilizer chamber from an exterfal source. Air in the sterilize
chamber will be gradually removed by gravity displacement, active flow or by forced evacuation. The presenge
of saturafed steam will be obtained at the measurement location, e.g.,-the’ chamber discharge, when the
measured temperature is coincident with the temperature of saturated~steam calculated from the pressure
(see Annex C). Both temperature and pressure are process vafiables, and the point of temperature
measureiment is defined as the reference measuring point.

If variatigns in process parameters and/or the amount of nen‘condensable gas remaining in the sterilizer
chamber|at the end of air removal can result in an ineffective process, the sterilizer manufacturer pr
designatgd person (see A.4.2 in ISO 17665-1:2006) should provide adequate information to the user and
should inglude:

— the Upper and lower limits for each process-parameter, and the method used for air removal;

— sourg¢es of non-condensable gas;

— test methods, test frequency and-acceptance criteria for sterilization process evaluation.

The remopval of air from the sterilizer chamber by either active flow or by gravity displacement is only
predictable for simple solid iméedical devices. Air removal is unpredictable for medical devices such as
instruments containing lumens, heavy solid masses and instruments and textiles contained within their

associatgd(with each pulse, the rate of change of pressure and temperature, and the interval of time betwegn
AGe process-variables—and-wilt-ptay-a-partineffectingair removat—-When-assigning-the-stitabitity

of a product family to a sterilization process, the combination of these pressures and

the rates of change, and the duration of each change should be considered.

Whenever the measured temperature exceeds the theoretical temperature calculated from measured
pressure as described in Annex C, superheated steam may be present. The presence of superheated steam
may be detrimental to the medical device and or its packaging and may compromise the sterilization process.

Effective air removal from lumens, porous loads and other complex designs incorporating enclosed spaces is
difficult. The physical conditions required for effective air removal are influenced by length, width and shape of
lumen, wall thickness, material of the product, mass, density, the packaging system and other items in the
same packaging system. A sterilization process that removes air from the sterilizer chamber to a low level

4 © 1SO 2009 — All rights reserved
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may fail to remove sufficient air from a lumen to permit steam penetration. Dalton's law states that the total
pressure in an enclosed space is equal to the sum of the partial pressures of the individual gases present. In
theory the temperature in a sterilizer chamber containing a mixture of steam and residual air will be lower than
the calculated temperature derived from the pressure in accordance with steam table values (see Annex C).
However there is evidence to show that an amount of residual air sufficient to cause a process failure in a
sterilization load may only depress steam temperature by as little as 0,01 °C. As a consequence the
differences between the temperature measured at the temperature measurement point and the temperature
calculated from the sterilizer chamber pressure using steam table values (see Annex C) may not be adequate
to detect the small volumes of air which could concentrate in lumens or enclosed spaces and prevent steam
penetration. Under such circumstances adequate air removal and steam penetration should be predicted from

d OoDlalneda 1ro d Sled pernetltauo dl1U/0I a proce ONito g aev

Alsteam penetration test is designed for a specified product family(ies) and is used to check-that the amount
of non-condensable gas remaining in the sterilizer chamber at the commencement of the-plateau period will
pt obstruct the presence of saturated steam on the surfaces of the medical device forthe duratjon of the
plding time. The efficiency of the air removal system, air leakage into the sterilizer’chamber fand non-
bndensable gas carried by the steam contribute to this amount. Air leakage intothe’sterilizer chamber and
bn condensable gases carried by the steam can be checked by tests (see for'example, Annex A and EN
B5[25]). The total presence of non-condensable gas is monitored by the steam ‘pénetration test.

NS QIS

A| steam penetration test may be based upon temperature measurement,/biological indicators or|chemical
indicators, as applicable. The test system should provide a challenge représentative of the product family(ies)
it represents. A number of steam penetration and air removal test devices are available. Pefformance
rgquirements for chemical indicators can be found in ISO 11440-3[5%], 1SO 11140-4[56]1 SO 11[140-5[57],
I30 11140-6 1) and EN 285[25]. Guidance on the selection~and use of chemical indicators is|given in
130 15882[18]. Requirements for biological indicators are found in 1SO 11138-3[4l. Guidance on the|selection
and use of biological indicators is found in 1ISO 14161131,

Alreference load can consist of a single medical device type, medical devices from different produgt families
of medical devices assigned to different productifamilies but assembled into a single package| For any
rgference product or medical device, difficulty.jnyair removal and the challenge to the sterilization process
shhould not be less than that for any medical~device in the product family(ies) assigned to the sterilization
process (see also Annex A and Annex B).

If|it is proposed to use a process—challenge device (e.g. an air detector or other monitoring device) to
rgpresent a product family(ies), thenthe validity of the device when exposed to the sterilization procefss should
be¢ established by the process.challenge device manufacturer, sterilizer manufacturer or designatgd person
dee A.4.2 of ISO 17665-1:2008).

6{1.3 Contained product processes

A| product may be\heated in a water immersion cycle, a water spray cycle, a cycle with an air apd steam
nlixture, a cycle-with steam and gravity displacement, or a cycle with forced air removal. Air ahd steam
nlixtures are \6ften used to prevent distortion or fracture of the sterilized container caused by thg internal
pressure generated from heating both the water-based solution and air in any sealed container.

The-energy required to heat up a sterilization load to the defined sterilization temperature dependls on the
ptoduct family, the size of a sterilization load and its initial temperature. Heat transfer will depend on the
heating medium, its contact with the product container, the material of the container and container support
system, and the temperature difference at the heat transfer site. The type of product family and the load
configuration will have a major influence on temperature differences between containers. These differences
may be minimized by increasing the flow and distribution of the heating medium by forced circulation. Mass
flow and homogeneity of the heat transfer medium throughout the sterilizer chamber can be verified by
process variables such as fan speed, circulation pressure and flow. Temperature of the heat transfer medium
at the outlet should be identified as a process variable. If steam is used, the temperature of the steam
environment should also be handled as a process variable. Consideration may need to be given to ensure the

1) 1SO 11140-6 is under development and is based on EN 867-5[27],

© 1SO 2009 — All rights reserved 5
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heat transfer medium is pyrogen free and free of chemical impurities that may cause spotting on packaging. In
addition, the heat transfer medium may need to be sterile during cooling and the period of the operating cycle
for which lethality is claimed.

The temperature distribution within the product container will depend on the shape of the container, viscosity
of the product, conduction through the container wall and product, and convection within the product. Large
product containers will need longer times to heat up and cool down, which could restrict the size of container
that can be used for products sensitive to prolonged exposure.

During the sterilization process, the locations of the product containers exhibiting the highest and lowest
temperat{ires during the heating phase and the highest and lowest temperatures during the cooling phase jn
the steriligation load should be identified. The temperatures measured in these locations should be treated

process Yariables; however, if either location cannot be reproduced, a statistical approach may need)to be
used to epsure the specified lethality is consistently attained while maintaining product integrity.

6.2 Equipment
NOTE For additional considerations specific to health care facilities, see D.3.2.

6.2.1 egional and national standards for sterilizing equipment have been published (e.g. EN 285), whig¢h
recommend materials that can be used in the construction of a sterilizer. Materials)used by a manufacturer fpr
the consfruction of a sterilizer can be based on the sterilization process délivered by the sterilizer and the

contaminpnt that can be released during routine operation. Steamyheat transfer, fluids or air used fo
pressurize the sterilizer chamber can carry corrosive and toxic agents. These should be identified and
maximun} permissible levels specified (see Annex A). Protection of materials by filming amines such as
hydrazing should not be used as an alternative to the correct choice of material and the control of corrosiye

sterilizatipn process being interpreted as effectiver Independent recorders are characterized by separate
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and the cpntroller for other purposes is not excluded.

An air detector may be fitted to a sterilizer.that uses vacuum and steam pulsing to remove air during the air
removal $tage of a saturated steam stetfilization process. It is used to predict whether non-condensable gas
ini of
of
ion

bS

each fluid, gas or steam service should not faII below the minimum specified by the sterilizer manufacturer
For example, the efficiency of a water ring vacuum pump and a heat exchanger deteriorates with falling water
pressure and rising water temperature. Microbial contamination can occur if air entering the sterilizer chamber
contains particles greater than 0,2 ym. If services are provided by another party, recommendations from the
sterilizer manufacturer should be followed and conformity confirmed.

Local regulations for environmental considerations could govern the discharge of high temperature effluent
from the sterilizer chamber into the public sewer system, the leakage of the materials used to generate the
sterilizing agent, the particulates released from the product and/or packaging during sterilization, and the
volume of water used during the process.
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Safety is part of equipment design and operation. Reference should be made to IEC 61010-2-040[24] and
national regulations.

6.2.4 Systems such as containers, shelving, racks and carriers designed to support and/or contain the
medical device should not unduly restrict uniform steam distribution, circulation of heat transfer fluid, removal
of residual air, drainage of condensate or drainage of water. The system should also prevent damage to the
medical device and/or its packaging and retain the integrity of the sterilization load.

6.2.5 No guidance offered.

6[2.6 Software design should be structured. Guidance is given in Good Automated Manufacturing| Practice,
Guide For Validation Of Automated Systems In Pharmaceutical Manufacturing (GAMP 4)[39],

7| Product definition
NPTE For additional considerations specific to health care facilities, see Clause D.4.

7{1  During product design, consideration should be given to the procedures\for disassembly (if apgropriate),
cleaning, disinfection, inspection and sterilization.

Guidance and methods for the cleaning and disinfection of medical devices prior to sterilization are gddressed
inf the 1ISO 15883 series of standards[9-22]. Information to be pravided by a medical device manufgcturer for
tHe reprocessing of a medical device is given in ISO 17664[25],

72 The major function of a package is to ensure that the'medical device remains sterile until opened for
use. Packaging should withstand the stresses that occurtduring a sterilization process, remain sefure, and
should not have a negative effect on the quality of thexmedical device (for example, by generating particles).
Phckaging for a medical device sterilized by saturated steam should meet the requirements of ISO 1[1607(81.[91,
Fpr non-permeable packaging (e.g. vials, ampoules, flexible pouches), the material and design sholild permit
heat transfer to the product and, if a closure is-fitted, it should remain secure and sealed.

Secondary packaging should protect the-product during customary handling and distribution. If gecondary
packaging is exposed to the sterilization” process it should retain its ability to protect the product apd should
not be adversely affected by the sterilization process.

f| at the end of a sterilizationyprocess, controlled conditions are required for the equilibration of & medical
dévice and its packaging to atmospheric conditions, the method by which this is to be achieved (g.g. in an
environmentally controlled, chamber or room) should be defined.

7{3  No guidancetoffered.

~

4 A medical device that is to be sterilized can be characterized by its shape, mass, mdterials of
bnstruction,)moving parts and packaging. A contained product will be characterized by formulation, volume
and viscosity. Its container can be characterized by size, material and closure.

A|study should be carried out to assign a product to a product family. The extent of this study can be reduced
bmmﬁtmn—mies& by
employing a validated cleaning process (if applicable), and by comparing the new product to those products
already assigned to the sterilization process.

Q

7.5 No guidance offered.

7.6 Exposure of a medical device to the sterilizing agent should not cause the design parameters for each
material used in the construction of the medical device to exceed its maximum or minimum permissible values.
As temperature rises, materials weaken and are more susceptible to physical stresses or mechanical forces.
Differential expansion through low heat-conductive materials, or the expansion and contraction of dissimilar
materials in contact with each other, can cause an increase in material and joint stresses.
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7.7 No guidance offered.

7.8 The heat sensitivity of a liquid product can dictate the maximum fill volume, material and size of the
container that can be used. The stability and sterility of the liquid should be assessed from temperature
mapping studies carried out in the proposed container when the liquid is exposed to at least the upper limits of
the proposed sterilization process profile.

Medical devices that are to be reprocessed can suffer accumulative changes such as surface cracking caused
by differential expansion through a thick material, brittleness or delamination. Crevices and lumens can retain
organic, chemical and biological contaminants that could cause material reactions or be unpredictably
removed [during use. Many materials that are subject 10 repeated moist heat sterilization have a long hisiory of
safe use,| are known to be suitable and have longevity (e.g. stainless steel). Other materials however,(might
have limited lifespans and require further study. Reference should be made to 1ISO 10993-1['], IS@1099B-
17121 1Sd 17664231 and 1ISO 149711171,

7.9 Anlevaluation should establish that, after processing, a medical device will perform asqintended and will
be safe for use. The evaluation should consider mechanical, chemical, electrical, toxicological, physical,
biological and morphological properties. Intended additives, process contaminants, ‘process residues,
leachablg substances and degradation products should be considered for their relevanee to the safety of the
device and its packaging. Corrosion on some materials can occur if steam is generated from water of low gH
or if the |water contains a contaminant such as chlorides and silicates. For_example, rubber can becone
oxidised |n the presence of residual air at elevated steam temperatures. Dehydrated cellulosic materials can
rehydratg during steam sterilization causing exothermic superheat in the material and in the vicinity of the
material.

7.10 No|guidance offered.

8 Progess definition
NOTE For additional considerations specific to health care facilities, see Clause D.5.

8.1 The purpose of this activity is to deliverfthe required sterility assurance level to every part of the
sterilizer Joad by ensuring that contaminating.microorganisms are maintained in contact with moisture at|a
specified temperature for a specified time.

Effectiveness and reproducibility of a-sterilization process can be defined by conditions that can be controllg¢d
and confirmed by physical measufement. If a condition changes and this can affect the sterility assurange
level, thig condition can be identified as a process variable and the value at which the change occurs,|a
process garameter.

Process |variables should)be defined and process parameters, including their tolerances, specified. T
process Erarameters should characterize the conditions that will justify the prediction that the sterilizing agent
will genetjate the required sterility assurance level in all parts of the product without causing any part to excegd
its design limit.

)

¢ (medical devices the measurement of physical conditions (such as temperature

is not possible

€ Y N C C C y
assurance level should be verified at a reference measurement point(s), for example, the drain for the
measurement of sterilization temperature. In the case of a saturated steam process, evidence that establishes
reproducibility of the sterilization process may be generated from the:

a) temperature and pressure at least at the turning points of pressure;
b) number of steam pulses;

c) pressure and/or temperature change rates;

d) exposure time;
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e) air leakage into the sterilizer chamber;
f)  steam quality.

The sterilization process may be developed in the production sterilizer or a in a research sterilizer. The
process parameters for the defined sterilization process should be set at their least favourable but acceptable
values for effective sterilization, for example, by using the lower tolerance limit for exposure time or by using
the lowest allowable recirculation rate for a water immersion process.

8.2 A sterilization process based on the recommendations for a sterilization temperature and holding time
specifredHmmationatandregiomat pharmacopoeiasts—sometimes—chosenforprocessingaproducttsiproduced
n the pharmaceutical and medical industries.

8{3 No guidance offered.
8/4 No guidance offered.

8/5 A biological indicator is a microbiological challenge of known resistance ‘that is used t¢ confirm
:}erilization process lethality at locations on or in product (see 1SO 11438-1[3]) where it i$ placed.

icrobiological process development and definition is discussed in Annex B and in I1SO 17665-1:2006
Ahnexes B, C and D. When using biological indicators, consideration should be given to the entrgpment of
nficroorganisms in the product, contaminants in and/or on product, advérse reactions from the materials of
construction and the difficulty in locating biological indicators in hollow-devices and lumens.

Whenever biological indicators are used to confirm lethality in<prescribed locations, the physical parameters
mleasured during the sterilization process should always be used to verify that the defined sterilizatiop process
has been carried out.

o]

6 No guidance offered.
8{7 No guidance offered.

8/8 A chemical indicator (see ISO 11140-1154]) can be used as an element in sterilization process fefinition.
Itlis used to demonstrate the attainment of process parameters in the location in which it is placed.

Chemical indicators show exposure(by'means of physical and/or chemical changes and are designefd to react
tq one or more parameters of the sterilization process such as time of exposure, temperature and prgsence of
moisture. The chemical indicater:manufacturer should define exposure conditions that can cause the|chemical
indicator to reach its endpoint./Attainment of the chemical indicator's endpoint should not be regarded as an
indication of attainment of an’ acceptable sterility assurance level, but rather one of many factors whith should
bg¢ taken into consideration when judging the acceptability of a sterilization process. Failure of a|chemical
indicator to reach ,its.-endpoint should be regarded as evidence of a sterilization process failur¢ and be
investigated. Guidance on the use of chemical indicators is found in ISO 15882[18],

9 Data.generated from a reference device such as a process challenge device, and/or a referente device
psigned ‘tovmimic the attributes of the product or product family, may be used in the developmégnt of the
pfocess;-For saturated steam processes factors that could require consideration are:

—_materials of construction;

— mass;

— length and diameter of hollow devices and tubing;
— absorbency to moisture;

— thermal conductivity;

— safety margins associated with the challenge, and

— the means by which air dilution and steam penetration can be evaluated.
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These factors can usually be assessed by the measurement of temperature in combination with the use of
chemical indicators and/or biological indicators.

For contained products the reference device should mimic the temperature profile in the least favourable
location within the product.

8.10 If a product has been assigned to a product family for which a sterilization process has been defined
and this sterilization process is based on an established time/temperature relationship, additional biological
assessment is generally unnecessary.

8.11 A ~tUli“LdtiUII PIULtooS 'uaacd Ull d l.;UI‘iIIUuI IU;U:UU;L:G: b; Id“UI IYT TTPITOTI Itcd IUy ILJ;U;UH;\JG; illul;bdtulb IS
used during sterilizer development by the food industry, pharmaceutical industry, medical device industry-and
in health fare facilities. This method is known as the overkill method (see Annex D of ISO 17665-1:2006).

8.12 A sterilization process based on bioburden in its natural state or combined with biologicallindicatofs
requires g¢xtensive biological studies followed by frequent biological screening of product and the €nvironme
This method is generally used in the pharmaceutical and medical device industries. It is(chosen if some
attribute ¢f the product or equipment has been demonstrated during product definition to be ‘sensitive to moist
heat sterilization processing. In this case, a minimum process is used to attain the conditions that will allow the
product t¢ be designated “sterile” without compromising product quality or function (see Annex B and Annex|C
of 1ISO 17665-1:2006). A test for the presence of viable microorganisms should\.be performed on sterilized
carriers that have been contaminated with a known population of microorganisms-having a known resistancel.

—

8.13 Noj|guidance offered.

9 Validation

9.1 Gelneral
9.1.1 A new sterilizer should be provided and installed‘in accordance with its drawings and specifications.

It could [be acceptable to move elements of “validation between installation qualification, operational
qualification and performance qualification if,. during planning of a specific validation, it is found to be more
practical fo do so.

The docymented validation plan should\be agreed upon and approved by the responsible parties before the
validation] study begins. The validation documents should be subjected to document history and change
control procedures. (See 9.1.3 of ISO 17665-1:2006).

9.1.2 No guidance offered,
9.1.3 See 9.1.1, paragraph 3.

9.1.4 A temperaturé measurement chain should be verified using a calibration reference and a working
standard] One example is an oil bath of known stable temperature traceable to a temperature referenge
standard| Whenever a number of sensors are immersed together in the oil bath, differences (i.e. errors |in
measuref temperature between sensors) can be identified.

Whenever differences between measured temperatures are used to judge the results of a sterilization process,
the error in each measurement should be known at the temperature at which comparison is to be made.

9.1.5 The calibration of an instrument(s) fitted to the sterilizer and the calibration of a measuring chain(s)
used for control can often be verified at critical parts of the operating cycle by reference to measurements
registered by test instrumentation used during a performance test.

9.1.6 See 9.2.3, paragraph 1.
9.1.7 No guidance offered.
9.1.8 SeeD.6.2.3 and D.6.3.
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9.2 Installation qualification (1Q)

9.2.1 Equipment

Installation qualification will be necessary whenever a new sterilizing facility is to be commissioned or when an
existing sterilizer is replaced or relocated. Some elements of installation qualification will be necessary when
there are changes to an existing sterilizer which could affect the effectiveness of the sterilization process such
as changing a door seal, steam supply modifications, vacuum pump replacement or refurbishment.

Ap_installation qualification plan, which may form part of a validation master plan, should include procedures
that will provide documented evidence that the sterilizer and documentation comply with the specificgtion.

The sterilizer manufacturer should provide guidance for tests and routine monitoring of each fault recognition
system as part of the sterilizer documentation, for example, a method by which a service fault may he caused
or a method for creating retained air in the chamber.

9/2.2 Installation

The qualification plan should include procedures that will provide documented evidence that| services
connected to the sterilizer comply with the specification and the operating. cycle is as specified by thg sterilizer
mlanufacturer.

9{2.3 Function

The provision and function of safety systems as required by [EC 61010-2-40124] should be establighed after
installation.

The qualification plan should include procedures ‘that will provide documented evidence that during an
operating cycle there is no evidence of a malfungction or leakage and that during maximum demand, the
slipply pressure for each service is at or above thie minimum pressure specified by the sterilizer manyfacturer.

The performance of fault recognition systems fitted by the sterilizer manufacturer should be verified.
The verification of calibration of meastrement systems fitted to a sterilizer and the checking of eagh system

sed to register or enable the identification of a failure to attain a critical process parameter may bg done at
this stage and/or during operational qualification.

[y

9|3 Operational qualification (0Q)
NPTE For additional considerations specific to health care facilities, see D.6.1.

913.1  An opefational qualification plan, which may form part of a validation master plan, should include
pfocedures-that will provide documented evidence that:

a) the/safety and fault recognition systems fitted to the sterilizer function in accordance |with the
specification;

b) the installed equipment operates within pre-determined limits;

c) the quality of each service complies with its specification;

d) the operating cycle is delivered as specified;

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

f) the sound pressure at the site of installation does not exceed regional or national requirements;
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g) when operated with an empty sterilizer chamber, the temperature and pressures recorded and indicated
throughout the sterilization cycle on instruments fitted permanently to the sterilizer are within specified
limits of the sterilization process;

h) there are no obvious leaks of steam, compressed air, water or effluent at any temperature or pressure
within the working range of the sterilization cycle.

The max
specified

imum and minimum value for any process parameters should not exceed the permissible value
by the medical device manufacturer(s).
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ance tests are recommended by the sterilizer manufacturer, they should be done during operational
on and conformity with acceptance criteria defined by the sterilizer manufacturer should be verified.

facturer claims conformity to an equipment standard, tests performed during operational gualificatign
mply with the tests specified by the equipment standard.

sting sterilization process is to be used, its current performance status should”be verified by
on and operational qualification.
bted steam processes:

M quality and air leakage into the sterilizer chamber can affect ‘the efficiency of the sterilization
bss. Conformity to Clause 7 and Clause 8 of ISO 17665-122006 and/or the medical devige
Ifacturer and sterilizer manufacturer's recommendations shotldbe demonstrated.

rements and test procedures for the test should be demonstrated.

team penetration test is to be used routinely to.check air removal and steam penetration, the validity
e test should be known, for example, compliance to recognised standards describing steam
tration tests such as 1ISO 11140-3[55], ISQ #1 140-4[56] or ISO 11140-5[57].

rocess challenge device is to be used'to represent a specific product, the sterilization process should
hallenged with this device. It may)be used alone or included with other tests. The instructiofs
ded by the process challenge device manufacturer should be followed.

air detector is to be used-for routine monitoring it should be set during performance testing using|a
ence load. The air detector should cause a fault to be indicated if the process parameters for the
ence load during airgemoval are not attained. The reference load should be representative of a wonst
medical device andoading configuration.

x A identifiesthe tests that should be done during operational qualification for a sterilization process
a paramefric approach. Annex B identifies the tests that should be done during operational
ficationforva sterilization process assessed by a biological approach.

level of residual moisture within the product can affect its performance at the point of use (e.g. by

facili
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For contained products:

— heating, exposure and cooling profiles should be checked in an empty sterilizer chamber;

— cold

spots and hot spots should be identified;

— conformity with the requirements for process parameters such as pump pressure, circulation and
temperature should be verified.

9.3.2 No guidance offered.

12
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9.4 Performance qualification (PQ)
NOTE For additional considerations specific to health care facilities, see D.6.2.

9.4.1 The purpose of performance qualification is to demonstrate that the sterilization process is capable of
achieving a predetermined sterility assurance level for the subject load on a repeatable basis.

A performance qualification plan, which may form part of a validation master plan, should be provided.

9.4.2 No guidance offered.

9}4.3 Procedures should be included to provide documented evidence that the sterilization “process will
sferilize the product(s) assigned to the product family the sterilization process is designed to process

flpreheating of the sterilizer directly before use is recommended by the sterilizer manufacturer this should be
sfated and carried out before performance qualification is carried out.

The sterilizer load and load configuration should be as proposed for routine,production. If reprogessing is
ntended, a load configuration and the least favourable combination of produets from the produdt families
agsigned to the sterilization process should be used. Packaging should be that which will be used rodtinely.

Tests for sterility can be carried out on a final sterilized product that has been subjected to a sterilization
process. Tests for sterility have little statistical relevance and should not be accepted as sole prgof that a
sferilization process is valid.

9/4.4 For saturated steam processes:

—t Steam quality and air leakage into the sterilizer chamber can both have an impact on predefinedl process
variables and should be known before commencing performance qualification (see operational
qualification). If a steam penetration test suchias a Bowie and Dick test is to be used, the reslits of the
test should also be known.

—t+ The validity of air dilution and steampenetration indirectly identified from the performance tests|specified
for installation qualification and operational qualification should be verified to be effective for a worst case
sterilization load, loading configuration and medical device. Data from which judgement is to |be made
should be established from temperature measurements supplemented by chemical indicators and/or
biological indicators positioned in difficult-to-sterilize locations. If a reference load and/ofl process
challenge device is tobe-used as an alternative to this worst case load its validity as a greater ghallenge
should be established;“The types of medical device and loading configurations represented|by these
alternatives maybe-provided by the sterilizer manufacturer. A process challenge device ghould be
packaged in the same type of packaging and using the same procedures as products routinely sterilized.
The same device in a different packaging system (e.g. pouches and containers) may represent a different
product fafmily.

—t Thraoughout the air removal and equilibration part of the operating cycle, the difference in temperature
between the temperature measured at the reference measuring point and a measurement point(s) on the
medical device or a reference Ioad can be used to determlne the presence of saturated steam at the
he halding time.

In most cases the holding time is the part of the operating cycle used to establish lethality.

— For the test loads identified in Annex A the equilibration time is a measure of residual non-condensable
gases present at the commencement of the plateau period. Increases in non-condensable gases will
decrease the holding time and reduce the delivered lethality. The rate of pressure rise from vacuum to the
commencement of the plateau period can affect the sensitivity of determination for the presence of
saturated steam. A lower rate of pressure rise can result in heating of residual air, which would cause a
smaller temperature difference and result in the misinterpretation of the recorded data relating to steam
penetration.
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— Heat penetration into each type of sterilizer load should be determined either from the temperature
measured within a number of medical device packages or in a reference load. At least one temperature
sensor should be situated adjacent to the temperature sensors connected to the recording instrument,
indicating instrument and controller. If a sensor or indicator cannot be located at a position on a medical
device known to be difficult to sterilize, the medical device may be substituted by a different type of
medical device or process challenge device, provided that the challenge to the process from the
alternative has been demonstrated to be equal to or greater than the medical device it is to represent.
The number and the locations of the sensors to be used will depend on the type of sterilization load and
the size of the sterilizer chamber. The sensors placed within the load should be located on or within those
parts of the medical device from which air is difficult to remove. Caution should be exercised when

Temperature measurement alone cannot differentiate between hot air and saturated steam:The
presgnce of saturated steam may be judged from the rate of pressure rise and temperature rise.and,| if
necessary, from the exposure of chemical indicators or biological indicators.

— Reproducibility within acceptable limits should be checked using a minimum of three replicate cycles (sge
9.4.4 of ISO 17665-1:2006).

For contained product processes, the test load and its location in the sterilizer<chamber should be as
proposed for routine production. Heating, exposure and cooling profiles within the sterilizer chamber should be
checked pt least in positions adjacent to the containers as identified in operational qualification to attain the
shortest and longest exposure. The profiles should then be checked within ¢he reference product placed |in
these logations in a test load and loading configuration according to(the proposed production loagd.
Complianice with the critical parameters identified in Clause 8 should be verified. If an existing sterilization
process is to be used for a new product family and/or loading configuration, the limits on exposure identified |in
Clause 7|[should be observed and the attainment of microbiological.effectiveness identified in Clause 8 should
be verified. If process parameters change during subsequent development, microbiological effectiveness and
the limits|on exposure for the existing product familiy(ies) should’be verified.

9.4.5 No guidance offered.
9.4.6 No guidance offered.

9.4.7 No guidance offered.

9.5 Reyiew and approval of the validation
9.5.1 Data collected during validation should be reviewed and approved by a designated person
organizatjonally independent of-those conducting the tests, those preparing the validation report and thoge
responsiljle for production.

9.5.2 [Data used to confihm the sterilization process should include, where applicable:

a) the sterilizer spegification and any subsequent changes to it;

b) the Ipcation”and unique identification for the sterilizer, e.g. serial number together with name and addregs
of thé manufacturer, type of sterilizer and model reference;

c) documentation to demonstrate compliance with the safety specifications;

d) the pressure vessel certificate(s);

e) a maintenance manual and a planned maintenance schedule for the sterilizer;
f)  the installation instructions;

g) the operating instructions;
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h) copies of any declarations according to medical device regulations, if appropriate;

i) the validation master plan, validation protocol and validation report, together with all data recorded;
j)  operational procedures for all maintenance, checks and tests;

k) details of any modification to the sterilizer, instrumentation or controls;

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

n) the load configuration for each type of sterilizer load/product family;

n) for contained product and, if applicable, packaged product (e.g. containerized product)cheat pgnetration
studies for each type of sterilizer load/product family;

o] the parameters used to control the sterilization cycle and a copy of the specifieation for the sterilization
process;

p} the identity of all personnel together with their professional qualifications4in-terms of their competence to
do the work) involved in validation:

— the programme for requalification, periodic testing and routiné:testing;
— training manuals for routine operating personnel;
— confirmation that the sterilizer is installed and connected to services according to specification;

— confirmation that the calibration of test equipment has been verified and the calibratior) of each
measuring chain fitted to the sterilizer has been checked and, where necessary, adjusted;

— confirmation that the equipment has-bheen tested and reproducibly delivers the defined stgrilization
process;

— the process parameters (ingluding their tolerances) used to justify product release;

— the value set for an airdétector and/or the interpretation of a biological indicator used alone or in
combination with a process challenge device;

— for equipment(that is in current use, the results of maintenance and confirmation that gata from
routine performance tests are satisfactory.

10 Routine'monitoring and control

NPTE For additional considerations specific to health care facilities, see Clause D.7.

me of all

10.2 Persons responsible for sterilization should ensure that before the sterilizer is used for production, they
have evidence to show that scheduled maintenance has been satisfactorily completed. Evidence should also
be available to show that performance qualification/periodic re-qualification reports include the types of
sterilization load/product families to be sterilized.

10.3 See D.7.2 for considerations specific to health care facilities.
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10.4 A profile for both chamber temperature and chamber pressure may be generated electronically or by
assessment from the temperatures and pressures recorded throughout the operating cycle. The profile can
then be used for comparison with the profiles obtained during validation.

If a biological indicator and/or chemical indicator is to be used for routine monitoring it should be placed at a
location(s) demonstrated during validation to be the least accessible to the sterilizing conditions. Alternatively,
the indicator(s) may be placed at a location demonstrated by one of the methods described in Annex C or
Annex D of ISO 17665-1:2006 to present a challenge to the sterilization process sufficient for the lethality to
be delivered in the least accessible part of the product.

€ plateau perioa an € sterilizer chamber pressure|i

non-condensable gas can be trapped in a part such as a lumen, tubing or crevice, a daily steam penetration
test shodld be used. A comparison of the measured and calculated temperature could be necessary fo
demonstrate the presence of saturated steam and to detect superheated steam conditions within.the available
space during the sterilization process. If a medical device is wrapped and/or non-condensable’gas can he
trapped ip a part such as a lumen, tubing or crevice, F, calculated from chamber temperatures will npt
represen{ the lethality delivered and should not be used to judge the results of a sterilization process for this
type of medical device. In addition to the measurement of process parameters, steam penetration should e
assured for each operating cycle, for example, by using an air detector fitted to the.sterilizer and/or a procegs
challengg device. Both an air detector and a process challenge device should ‘be verified as valid for the
product in the sterilization load.

10.6 The temperature of fluid in reference containers in locations shown\ffom a number of exploratory cyclgs
to represént the coolest and hottest parts of the sterilization load can be‘used to predict the highest and lowest
temperatyires throughout a sterilization load of fluids. Temperature profiles generated for the sterilizer
chamber|and the circulating heat transfer fluid can sometimes be.Used to predict a reproducible temperature
profile fof the coolest product. Whenever temperatures are to be measured in reference containers located |in
a production load, wireless systems may be considered.

10.7 No|guidance is offered.

11 Progduct release from sterilization
11.1 The result(s) of a scheduled periodic test(s) should be noted on release documentation.

Product release may be based on the-Comparison of the temperature profile for the sterilizer chamber with the
temperatyire profile measured in-either a reference product(s) or in a location(s) from which the temperatufe
profile within the product can-be’ predicted. Attainment of the specified values for sterilization temperaturg,
plateau period, and sterilization temperature band in a location from which the holding time can be predicted
can also pe used for productrelease.

For medical devices\sterilized by saturated steam, release based solely on sterilization temperature and
holding time shouldbe restricted to unwrapped medical devices.

If chemidal-indicators and/or biological indicators are used routinely, they should be treated as part of the

release chiteria-and-should be additional to the measurement of process pnrnmnfnre

The integrity of packaging and containers should be visually checked after removal from the sterilizer.
Damaged packaging and containers should be treated as non-conforming product. Similarly, a system should
be in place to ensure wet packs are appropriately addressed in order to avoid recontaminated products
entering the supply chain. Drying should be carried out in an environment in which particles and microbial
contamination are controlled. A Class 7 Environment as defined in ISO 14644-1[141 might be suitable.

11.2 The identification of non-processed and processed goods may be achieved by physical barriers, pass
through sterilizers and process indicators on the packaging.
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12 Maintaining process effectiveness

12.1 Demonstration of continued effectiveness

Whenever records of routine monitoring, periodic testing and performance requalification indicate
unacceptable deviations from data determined during validation, the cause should be identified and corrected,
and the sterilizer requalified.

When a sterilizer is operated infrequently, the periods of inactivity can result in changes to the performance of

o sterilizer or its _associated services This could result in the deliverv of o process that-does-not conform

t y

wjth the specified process. If the sterilizer undergoes periods of inactivity, a review should be carrled out to
agcertain the consequences for process effectiveness, and the measures to be taken to redefirle routine
monitoring, testing or requalification to confirm process effectiveness. For example, the consequepces of a
weekend shut down or the effect of an energy conservation system should be considered.

-—

.2 Recalibration
NPTE For additional considerations specific to health care facilities, see D.9.1.

The interval between recalibration of each measuring chain should net‘exceed 12 months and ghould be
duced if there is unscheduled maintenance or evidence of inaccuracy.

—
fo)

1R.3 Maintenance of equipment
NPTE For additional considerations specific to health care fagilities, see D.9.2.
12.3.1 Periodically the sterilizer should be examined t&’confirm that the installation is still in accordhnce with

—
-

e specification and that there is no evidence of malfunction. Checks and tests should also be carrjed out to
demonstrate that the equipment remains safe (seefEC 61010-2-040[24]) and that the services are safisfactory.

p.3.2 A maintenance scheme should be developed from the schedules provided by the]| sterilizer
anufacturer, instrument manufacturer(s) and equipment manufacturer(s), from the routine tasks jand tests
rried out in the plant and as a resultyof experience. A set of procedures should be developed| for each
rilizer containing full instructions for*each maintenance task. The maintenance scheme and frequency with
ich each task is performed should be based on the recommendations given by the manufacturer, the
sferilizer usage and safety considerations.

0w o3 =

—

p.3.3 Safety and functional checks should be done after each maintenance sequence is completed.

p.3.4 The effect of\maintenance activities on the process should be evaluated. A successful repair should
b confirmed by requalification.

T =

1R.4 Requalification

NPTE For additional considerations specific to health care facilities, see D.9.3.

R qua“fibaﬁun ;b pUl-fUIIIICd ‘lU CUI Iﬁllll thdt PIrutttos bhdllgcb thU IIUt bUIII}JIUIII;bCQI t: Ic UfobtiVUllbbS Of the
sterilization process and that the data acquired during validation remains valid. To guard against unreported
changes, the extent of, and the interval between each part of requalification should be determined from the
type of sterilization process data obtained through periodic tests and from data that verifies that established
process parameters are routinely reproduced. Typically, requalification is performed annually.

The extent of requalification will depend on the reasons for the inconsistency in performance; if a component
is changed (see 12.5 of ISO 17665-1:2006), or the control system is modified, it could only be necessary to
show repeatability of the qualified sterilization cycle. If, in the case of a wrapped goods and porous load
process, the cause is shown to be a leak into the sterilizer chamber, it might only be necessary to repeat a
leak test on the sterilizer chamber and then carry out a steam penetration test.
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Performance requalification might also need to be performed after a change of product, product packaging or
loading pattern, or when the data for the sterilizer load are not within specified limits.

If biological indicators are used during requalification, their performance should present a similar challenge to
those used during validation. Any change that raises doubt about the effectiveness of the sterilization process
should initiate a review.

To facilitate comparison of performance qualification and performance requalification data, it is normal for the
same report format to be used.

12.5 Asksessment of change

No additipnal guidance provided.
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Annex A
(informative)

Evaluation of a sterilization process primarily based on the measurement
of physical parameters

A.1 Introduction

Al1.1 Evaluation of a sterilization process by this method will normally be from the data)generated from a
s¢ries of performance tests. Each test should be designed to identify whether one or more of the performance
rgquirements specified for the sterilization process has been attained.

The tests and performance requirements detailed in this annex are examples ‘and relate to a| sterilizer
cpnforming to EN 285[25] and apply when test equipment and procedures meéting the requirements ¢f EN 285
afe used (see also 9.1.4 of ISO 17665-1:2006). Tests and performance requirements for small sterflizers are
given in EN 13060[38].

S

erilizers conforming to either EN 285 or EN 13060 are primarily intended for use in health care, |however,
they can also be used in the production of medical devices.

Al1.2 For sterilizers not conforming to EN 285 or EN43060, it may not be possible to attajn all the
agceptance criteria given in this annex. For such sterilizers; documented validation procedures cou|d include
gsts and procedures from both this annex and Annex-B” The data from the tests could then be used to verify
He efficiency of the proposed sterilization process, for treating the defined medical device(s). This japproach
can also be appropriate for demonstrating conformity with the requirements of medical device legislation (if
rgquired).

Al1.3 When selecting a test instrumentfor validation studies and routine testing, attention should e paid to
the number and type of signal inputs required. Both temperature and pressure will need to be recorded. Other
input signals could also be needed.) For example, the small load test (see A.4) requires at legst seven
tgmperature signal inputs and one ‘pressure signal input.

A.2 Hollow load test

Al2.1 This is a teStfor steam penetration into a medical device(s) containing lumens. The test is based on a
hollow load test piece described in EN 285:2006, A1. This test complements the tests in which the|standard
tgst pack is specified (see A.3).

Al2.2 The'result of the hollow load test is judged from exposure to a chemical indicator inserted info the test
piece:

A.3 Standard test pack

A.3.1 The standard test pack is used for the small load test, the full load test, the Bowie and Dick test, air
detector tests, load dryness tests for textiles and can be used with other materials to form a full load. The
standard test pack is a reusable item that can be used for testing continuously if the requirements in A.3.3,
A.3.6 and A.3.7 are met.

A.3.2 The standard test pack should be composed of plain cotton sheets, each bleached to a good white
and having an approximate size of 900 mm x 1 200 mm. The number of threads per centimetre in the warp
should be (30 £ 6) and the number of threads per centimetre in the weft (27 £ 5). The weight should be
(185 + 5) g/m?2 and the edges, other than selvedges, should be hemmed.
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A.3.3 The sheets should be washed when new or soiled and should not be subjected to any fabric
conditioning agent during laundering. The sheets should be dried and then allowed to equilibrate in an

environment of between 20 °C to 30 °C and a relative humidity of 40 % to 60 %.

NOTE Fabric conditioning agents can affect the characteristics of the fabric and can contain volatiles that will

contribute to the non-condensable gases in the sterilizer.

A.3.4 After equilibration the sheets should be folded to approximately 220 mm x 300 mm as illustrated in

Figure A.1.

A.3.5 ate O Mm alter compre
pack should then be wrapped in a similar fabric and secured with tape not exceeding 25 mm in width.-F
sterilizery unable to accommodate more than one module the height of the stack should be approximatg
150 mm.

A.3.6 he total weight of the standard test pack should be 7,0 kg + 0,14 kg (approximately\30 sheets) ar
for the small pack 4,0 kg + 0,16 kg (approximately 17 sheets).

After use| the sheets will become compressed. When the weight of sheets used to form.a stack 250 mm hig
exceeds 7,14 kg, the sheets should be discarded. Similarly, for the smaller pagk,\when the weight of tf
sheets uged to form a stack 150 mm high exceeds 4,16 kg the sheets should also-be discarded.

A.3.7 Immediately before use the temperature and humidity at the cefifre of the test pack should |
between 20 °C and 30 °C and the relative humidity between 40 % and-60 %. After use the pack should |
removed [from the sterilizer and aired in a similar environment.
A.3.8 Tlest packs comprising different materials and of differént’sizes and weights can be used provide

ISO 11140-4156]),

olg
ly

d

ed
equivalerjce with the requirements for the test in which the stahdard test pack is used is demonstrated (sge
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Dimensions in millimetres

A A
1—1 11
] 1R
- % \\\] %
A J A J
B =1 200 _ B =600 _
1 layer, unfolded 2 layers, once folded
Rs
A A
pllky i
‘ | 2 a
[ - \,T L \|T c>A
= S
Y Y 'y
B =600 N =300 . B =300 .
4 layers, twice folded 8 layers, thrice folded 16 layers, 4-times folged
Figure A.1 — Folding each sheet
A.4 Thermometrictests
A.4.1 Small load-thermometric test
Al4.1.1 This is a test for steam penetration into a standard test pack (see A.3). This test pack is used to
identify a‘level of air removal sufficient to qualify the sterilization process for a wide range of canniila, metal
and textile products. For this test a number of temperature sensors (5) are located at different levels within the
stapdard test pack around the vertical axis. Figure 6 of EN 285:2006 provides an illustratign of the
tamperature sensor locations

A4.1.2 Acceptance criteria for the test are as follows.

a) The sterilization temperature band should have a lower limit defined by the sterilization temperature and
an upper limit of +3 °C.

b) The equilibration time should not exceed 15 s for sterilizer chambers up to 800 | usable space and 30 s
for larger sterilizer chambers.
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c) During the plateau period the temperature measured above the test pack should not exceed the
temperature measured at the reference measurement point of the sterilizer chamber by more than 5 °C
for the first 60 s and 2 °C for the remaining period.

d) Throughout the holding time the temperature measured at the reference measurement point of the
sterilizer chamber, any temperature measured at the same instant within the test pack and the respective
saturated steam temperature calculated from the chamber pressure should be within the sterilization
temperature band and not differ from each other by more than 2 °C (see 6.1.2).

e) The holding time should be not less than 15 min, 10 min and 3 min for sterilization temperatures of

121

T, 126 °C and 134 "C respectvely.

A.4.2 Full load thermometric test

A.4.2.1
small loa

A4.22

This is a test for steam penetration into the maximum size sterilizer load and complements th
i test. The textile test pack is located in the centre of a full load of textiles.

Acceptance criteria are the same as for the small load test, except-that the temperatu

measurefqnent above the test pack is omitted.

A.5 Bowie and Dick test

A.5.1 Tlhis test is a steam penetration test, similar to the small lead) test and intended for daily use.

chemical

indicator meeting the requirements of ISO 11140-3[5%1 is placed in the centre of a standard test pa

and a pass is identified from a uniform colour change to the indicator:

For the o

A52 T

iginal work on which the Bowie and Dick test is baséd, see Bowie et al.[44],

same ag the challenge from the textile test pack described by Bowie. Indicators complying wi
ISO 11140-4[56] may be used as an alternative_to the standard test pack for conducting the Bowie and Di

steam pe

hetration test.

A.6 Airleakage flow rate test

The perfgrmance specification identified in A.2, A.4 and A.5 are based on achieving a low level of residual a

Air leaka
chamber
(60mbar)

he into the sterilizer©hamber will affect this level and should not cause the pressure in the steriliz
to rise more than-0,13 kPa/min (1,3 mbar/min) when measured at a chamber pressure of 6K
or less.

A.7 Airdetector tests (if fitted), small load, full load and function

he standard test pack described in A.3 offers.@ challenge to the sterilization process nominally the

e

e

A

AT
=

th
Ck

to

A.71 These tests are used to set the air detector to register a fault whenever residual air is sufficient

cause a fallure of the small load test (see A.4.1) and the tull load test (see A.4.2).

A.7.2 The air detector should register a fault when, at the commencement of the equilibration time, residual
air causes a difference of more than 2 °C between the lowest temperature measured in the standard test pack
(used in the tests given in A.4.1 and A.4.2) and the temperature measured at the reference measurement
point of the sterilizer chamber. For a sterilizer chamber too small to accommodate this test pack, a smaller
version is used (see A.3).

22
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A.8 Load dryness — Small and full load with textiles, full load with metal

These tests are used to verify that the design of the operating cycle, selection of the process param

2009(E)

eters and

the moisture contained in the steam are such that the level of moisture remaining in the load at the end of a

sterilization process has not increased by more than 1 % for textiles and 0,2 % for metal.

A.9 Sound power test

been done by the sterilizer manufacturer in accordance with IEC 61010 2- 040[24]
bund pressure generated by the sterilizer in the environment in which the sterilizer is installed

S
détermined in accordance with ISO 3746[58] and conformity to local regulations for senic noi
environment verified.

A.10 Dynamic pressure test

damage to packaging. The average pressure change for any 3 s intefval during the sterilization
should not exceed 1 000 kPa/min (10 bar/min).

A.11 Steam quality tests

Al11.1 Non-condensable gas in the steam will affect@ir dilution in the sterilizer chamber. Moisty
S

sFurated steam. Wide variations in delivery pfessure to the sterilizer is indicative of inadequd
capacity and this can affect the validity of the.2""C when judging the presence of saturated steam

pntaminants can cause corrosion and depaosit toxic substances on the product.

C
Al11.2 When tested by the methods.given in EN 285 the following should apply to the quality
suipplied to the sterilizer:

a) amaximum of 3,5 % by yelume of non-condensable gas;

b] a minimum dryness-valtue of 95 % (5 % moisture) for a sterilizer load containing metal and a m
90 % (10 % moisture) for a sterilizer load containing textiles;

c] amaximum@f)25 °C of superheat when expanded to atmospheric pressure;
d) contantinants in accordance with Tables A.1 and A.2;

e) fluctuations in steam pressure not exceeding + 10 % of the nominal gauge pressure measured 3
to the final pressure reduction valve.

Tests-to-determine-sound pressure for use in r\glr\lllghng the sound power nnnnrgfnr] h\/ the-sterilizer, will have

should be

e in the

This test is used to verify that the maximum rate of pressure change in‘the’ sterilizer chamber will pot cause

process

re in the

am will affect residual moisture in the sterilizer,load. Superheat in the steam will delay the prg¢sence of

te steam
see A4).

of steam

nimum of

t the inlet
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Table A.1 — Contaminants in condensate measured at the steam inlet to the sterilizer
to be considered in relationship to the corrosion of materials

Determinand Condensate
Silicate (SiO,) < 0,1 mgl/l
Iron < 0,1 mg/l
Cadmium < 0,005 mg/I
Lead < 0,05 mg/l
(I:?:;rtn ci)ljr:fz?evgdmetals except iron, < 0,1 mg!
Chloride (CI7) < 0,1 mgl/l
Phosphate (P,04) < 0,1 mgl/l
Conductivity (at 25 °C) < 3 uS/cm
pH value (degree of acidity) 5t07
Appearance Colourless clean without sediment
Hardness (X ions of alkaline earth) < 0,02 mmol/l

NOTE A method by which a sample of condensate can be taken is given“in subclause 22.4 of
EN 285:2006.

Table A.2 — Contaminants in condensate from steam used by the sterilizer
to be considered in relation to contamination of the load

Determinand Clean steam condensate
Acidity or alkalinity R@
Ammonium (NH,) < 0,2mgl/l
Calcium and magnesium R@ (mg/l)
Heavy metals < 0,1 mgl/l
Chloride (CI) < 0,5 mg/l
Nitrate (NO;) < 0,2mgl/l
Sulphate (SO,) R@ (mg/l)
Oxidisable substantes R@
Residue on‘eyvaporation < 30 mgl/l
Silicate (SiO,) < 0,1 mgl/l
Phosphate (P,05) < 0,1 mg/l
Conductivity (25 °C) < 35 uS/cm
Bacterial endotoxins < 0,25 EU/mt
Appearance Clear, colourless
a Reagent test specified in European Pharmacopoeia.
NOTE A method by which a sample of condensate can be taken is given in subclause 22.4 of
EN 285:2006.
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A.12 Water

The water supply should be of potable quality and fitted with a backflow protection device. Because of the
effect of temperature on the performance of the vacuum system, the water temperature should not exceed
15 °C. The hardness value of water, Z (ions of alkaline earth), should be between 0,7 mmol/l and 2,0 mmol/I.
Hardness values outside these limits can cause scaling and corrosion problems.

A.13 Compressed air

The compressed air supply should be at a pressure of 600 kPa to 800 kPa (5 to 7 bar), free of |iQIIJid water,
filtered to 25 ym and free from oil droplets greater than 2 um.

A.14 Test programmes

The example shown in Table A.3 includes the tests needed to verify the attainment of defined process
parameters and also to judge from the data whether non-condensable gas preSent in the sterilizer| chamber
during the plateau period is sufficient to prevent steam penetration into medical*devices used in health care.
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Table A.3 — Example of a schedule of tests for validation and periodic testing

Test EN 285 Installation Operational Performance Periodic
reference qualification qualification qualification testing
Safety tests and checks Clause 11 xxP — — xP

Steam quality (A.11)

— Non-condensable gases| 13.3.2, 221 x — xd
— Dryness value 13.3.3,22.2 x — xd
— Supefheat 13.3.4,223 X — xd
— Cont:[minants,a Table E.2 x — xd

(Tables A1 and A.2)

Thermomietric tests (A.4)

— Smal| load (A.4.1) 8.3.1.2,16.1 — XX — xC
— Fulllpad (A.4.2) 8.3.1.3,16.2 — XX — xd
Hollow logd test (A.2) 8.2.5,15 — XX N xd
Bowie angd Dick test (A.5) 8.3.2,17 — XX XX xx©
Air leakage flow rate (A.6) 8.3.3, 18 — XX — xxC
Air detectpr (if fitted) (A.7)

— Smal| load 8.3.4.2,19.2 — XX — xd
— Full Igad 8.3.4.3,19.3 — XX — xd
— Function 8.3.4.4,19.4 — XX — xf

Load dryrjess tests (A.8)

— Smal| load textiles 8.4.1,20.1 — x — —
— Full Ipad textiles 8.4.2,20.2 - x — —
— Meta 8.43,20.3 — x — —
Dynamic pressure 10, 23 — — — xb
test (A.10

Product test — — — %9 «d

xx Teststhat are suggested.
x  Teststhat may be considered:

— Teststhat need not be pérformed.
a8  Compliance should be-tested in accordance with acknowledged analytical methods.
Specified by the.manufacturer.

€ Atleaft thfee-monthly.

d  Atlea

€ Atleast daily.
At least weekly.

9 Required if exposure to defined sterilizing conditions cannot be predicted from operational qualification tests.
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Annex B
(informative)

Evaluation of a sterilization process primarily based on biological
inactivation and an accompanying mechanical air removal procedure

.1 Introduction

B{1.1 There are three general methods of moist heat sterilization employed (see Annéxes B, C|and D of
IO 17665-1:2006). Knowledge of these three methods allows the user to make.an’ informed| decision
rggarding which method to apply based upon knowledge of the product to be sterilized, whether or not the
bioburden of microorganisms on the product have been characterized, and an understanding of the|microbial
risks involved from a sterilization failure.

Bl1.2 The first method is generally known as the “bioburden methed?\for which the actual |microbial
clhallenge is identified and a moist heat process is defined whereby thesmoist heat parameters rgquired to
rgnder the product free of that specific microbial challenge are developed. The product is then {ested for
terility. This method is particularly applicable in cases where effects of the sterilizing conditions on the
oduct should be minimized. (See Annex B, ISO 17665-1:2006):

T 0

B{1.3 The second method is generally known as the “combined biological indicator/bioburden mgthod,” for
which the actual microbial challenge is identified, a more fesistant biological indicator (BI) is selected as being
an appropriate representative challenge, and a moist heat process is developed whereby the produ¢t may be
agsessed to be free of viable microorganisms based on the successful demonstration of inactivating|the more
rgsistant organisms of the biological indicator. Jhis method is particularly applicable in cases Where the
bioburden is known and controlled as in many manufacturing operations. (See Annex C, ISO 17665-1:2006).

1.4 The third method is generally known as the “overkill method” for which the actual microbial ghallenge
unknown or cannot reasonably be_measured, as is the case where reusable medical deyices are
processed. This method may also jbe used where products for sterilization are durable and can readily
thstand the conditions necessary.to achieve sterilization. In the overkill method, an organism is selected as
ping representative of a significant challenge to a defined moist heat process. The defined process (i.e.
turated steam) is expressed in parametric terms (typically time and temperature coupled with| the limit
values for the steam) relating to the death kinetics of the biological organism selected. The limiting [values of
tHe parameters are defined (if applicable) and an acceptable lethal condition is defined. The afceptable
inimum criterion (typically a holding time at a specified temperature) is determined and a safety factor is
applied to the critical parameters in order to establish a recommended exposure condition for the product to
be processed{AMery large safety margins are typically employed for applications where the bioburden
clhallenge is. not accurately identified and the nature and mixture of products is variable. This method is
particularly.applicable in healthcare applications. (See Annex D of ISO 17665-1:2006).

Qoo

Twoe 'examples of an overkill cycle are the following.

a) A sterilization process calculated to provide a minimum 12-log reduction of microorganisms having a
D-value of 1 min at 121 °C. Validation of a sterilization process based on this value is often closely
associated with an overkill cycle of 121 °C maintained for a period of 15 min.

b) A sterilization process that delivers lethality in excess of what is required to destroy the bioburden.
B.1.5 In health care each sterilizer should be periodically demonstrated to be capable of rendering products
processed therein to be free from viable microorganisms that the medical devices routinely processed.

Methods used to monitor the sterilization process provide the assurance of process integrity between
biological challenges tests (see Table B.1).
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B.2 Biological qualification of a sterilization process

B.2.1 A sterility assurance level (SAL) of at least 106 should be demonstrated. The sterility assurance level
is the microbial control level of a process and is defined as the probability of a viable microorganism in or on a
product, or the probability of a non-sterile unit. The physical limitations of microbiological measurement are
such that, at best, we can only directly measure to a survival probability level of 10~!. Since a sterilization
process must be based on real data, strategies have been developed that allow us to design and qualify to a
sterility assurance level of 106 using indirect measurement methods.

B.2.2 When sterilizing heat-stable materials an overkill approach is normally utilized. Its simplicity,
robustnegs and ease of validation relative to other approaches should make it the default approach in, all
instanceq. (See Annex D of ISO 17665-1:2006.)

B.2.3 cceptable results for three consecutive cycles of either half cycle or full cycle approach ane-requirgd
for each fype of load. (See Annex D.4 of ISO 17665-1:2006.)

B.2.4 The biological indicators used in testing should contain heat resistant spores, such”as Geobacillys
stearothermophilus spores and should comply with applicable standards. (See ISO 11138-1 and ISO 111383
and Anngx D.4.1 of ISO 17665-1:2006.)

B.3 Biglogical challenge

B.3.1 he biological challenge consists of sixteen freshly laundered, 100°% cotton towels, in good conditio
After being folded, the towels are placed one on top of another, with*folded ends alternating, to form a stag
One or more biological indicators are placed between the eighth and ninth towels in the approximate
geometri¢ centre of the pack (see ANSI/AAMI ST79[59]).

&2

B.3.2 Tlhe biological challenge is placed flat (layers of\towels horizontal) on a rack in the area of the
sterilizer thamber that is least favourable to sterilizationgFor gravity-displacement sterilizers, the test is run jin
a fully logded chamber. For dynamic-air-removal sterilizers, the test is run in an otherwise empty chamber.

B.3.3 A sterility assurance level of at least 108 should be demonstrated when the biological challenge |is
used. One method that can be applied to demonstrate an SAL of 10-6 is empirical overkill, based on a 12-log
reductionf of a micro organism with a D454 °C of 1 minute resulting in an F,;, of 12 (based on a reference z
value of 10 °C. (See Pflugl®3l.)

B.3.4 Moisture retained by the(fabric should not increase the pre-sterilization weight of the biologidal
challengg by more than 3 %. There should be no visible wet spots on the fabric.

B.4 Mechanical air removal

B.4.1 The air-removal test and the leak-rate test are complementary to each other. A dynamic-air-removal
sterilizer |should \meet the requirements of both tests. Neither test is applicable to gravity-displacemept
sterilizers.

B.4.2 The efficacy of the air removal system of a dynamic-air-removal sterilizer is tested using a steam
penetration test similar to the Bowie-Dick test. (See ISO 11140-5).

B.4.3 When tested, a dynamic-air-removal sterilizer should exhibit an average leak rate of 1 mm of mercury
(mmHg) per min or less over the measured time interval.

B.4.4 The steam penetration test pack consists of folded, 100 % cotton surgical towels that are clean and
preconditioned. The towels should be folded and then placed one above the other.

B.4.5 A Bowie-Dick test indicator sheet is placed across the centre layer of the pack. A single two-ply fabric
wrap, made of 100 % cotton is loosely applied (see ISO 11140-5).
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B.4.6 The test pack is placed horizontally on the bottom front of the loading rack, near the door and over the
chamber drain, in an otherwise empty chamber.

B.4.7 Table B.1 provides a schedule of tests for validation and routine testing.

Table B.1 — Example of a schedule of tests for validation and periodic testing

Test and
Monitoring

Installation
qualification

Operational
qualification

Performance
qualification

Routine test
of the
sterilizer

Periodic test
of the
sterilizer

Comments

—

ype tests and
afety checks:

n

pressure
vessel

electrical
plumbing

environmental

m

iological
hallenge test
ack

holle]

x in otherwise empty

chamber

Air removal test

x in otherwise empty

chamber

Air leak test

Sterilizer manufacturer

test

Hhysical
nponitors

Nlonitoring,
recording,
control

dependent
s’I:ensor/recorder

Optional

Tological
imdicators

Ghemical
imdicators

x|= tests that should be-considered.
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Annex C
(informative)

Temperature and pressure of saturated steam for use in moist heat

sterilization

Theoretidal steam temperature (se€ 6.1.2 b of ISU 1/665-1:2006) can be determined directly irom the steam
tables shpwn below or calculated from Equation (C.1).
Tahle C.1 — Temperature and pressure of saturated steam for use in moist heat sterilization
Prepssure Temperature, T Pressure T from P Deviation from steain
s
1014,2 100 0,101 42 99,997 1 -0,002 87
1 050,9 101 0,105 09 100,998+ —-0,001 85
1088,7 102 0,108 87 101,999 3 —-0,000 71
11277 103 0,112 77 108,002 5 0,002 456
1167,8 104 0,116 78 104,004 4 0,004 372
109 105 0,120 9 105,004 5 0,004 526
13515 106 0,125 15 106,007 1 0,007 106
12395,1 107 0,129 54 107,006 8 0,006 789
1 .340,1 108 0,184 01 108,009 8 0,009 813
1 386,3 109 0,138 63 109,011 0 0,011 046
1433,8 110 0,143 38 110,012 1 0,012 132
1482,6 111 0,148 26 111,012 5 0,012 517
15932,8 112 0,153 28 112,013 7 0,013 662
1 584,3 113 0,158 43 113,013 0 0,013 041
1437,3 114 0,163 73 114,014 0 0,013 976
1491,8 115 0,169 18 115,015 8 0,015 808
1747,7 116 0,174 77 116,016 2 0,016 17
1 805,1 117 0,180 51 117,016 4 0,016 372
1864 118 0,186 4 118,015 9 0,015913
19245 119 0,192 45 119,016 0 0,015 968
1986,7 120 0,198 67 120,017 6 0,017 586
2 050,4 121 0,205 04 121,017 1 0,017 056
2115,8 122 0,211 58 122,017 1 0,017 072
2182,9 123 0,218 29 123,017 1 0,017 112
22517 124 0,225 17 124,016 7 0,016 702
23222 125 0,232 22 125,015 4 0,015 407
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Pressure Temperature, T Pressure T from P Deviation from steam
using —273,27 °C as tables®
mBa °Ca MPa? absolute zeroP
2394,6 126 0,239 46 126,015 6 0,015 56
2 468,8 127 0,246 88 127,015 3 0,0152 71
25448 128 0,254 48 128,014 1 0,0141 23
26227 129 0,262 27 129,013 0 0,013 03
2702,6 130 0,270 26 130,012 7 0,012|71
27844 131 0,278 44 131,011 5 0,011 47
2 868,2 132 0,286 82 132,010 3 0,010 $29
2 9541 133 0,295 41 133,009 8 0,009 792
3042 134 0,304 2 134,008'4 0,008 852
3132 135 0,3132 135,006 8 0,006 Y61
32242 136 0,322 42 136,005 7 0,005 $99
3318,5 137 0,33185 137,003 7 0,003 $86
3415,1 138 0,341 51 138,002 4 0,002(44
35139 139 0,351 39 139,000 5 0,000 $26
3615 140 0,361.5 139,998 6 -0,001 42

a

b

C|

Indicates the temperature derived from Equation (C.1).

Extracted from ASME “International Steam Tables for Industrial Use” based on the IAPWS “Industrial Formulation 1997 for the
Tlhermodynamic Properties of Water and Steam” (IAPWS-IR97).

The deviation of the calculated value using Equation (C.1) from the stated steam table value.

A
0

here

clirrent steam tables.

L

E

T=42,677 6 +[-3 892,7/(InP -9;486 54)] -273,27

P is the the measured pressure, in megapascals;

T s the the theoretical steam temperature, in degrees centigrade;

neaf interpolation between data points may be used to derive intermediate values.

(C.1)

figure of —273)27 °C is used for the value of absolute zero (zero K). This value is used to compengate for a
1 °C offset ‘between calculated theoretical temperature created by the formula and those prescribed in the

| l lat:
arripreuaiburatulT.

For P=0,205 04 MPa and 7= 121 °C

In P =-1,584 550

In P+ (— 9,486 54) = -1,584 55 + (— 9,486 54) =-11,071 09

3892,7/-11,071 09 = 351,609 4

42,677 6 +351,609 4 = 394,287 05 K

=394,287 05 -273,27 = 121,017 1 °C
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D.1 Introduction

This annex offers additional guidance that may be used in a health care setting for the validatien of
sterilizatipn process that is to be used for reprocessing.

D.2 Quality management system elements
(additional guidance for ISO 17665-1:2006, 4.1)

D.2.1 Tlhe manager with executive authority should have the responsibility for:

a)

b)

c)

d)
e)
f)

g)

h)

32

Annex D
(informative)

Special considerations for health care settings

introflucing a quality system, review at regular intervals and ensure that the quality system is understoo
implgmented and maintained with current information;

definiing roles and responsibilities, tasks and processes to be undertaken;
ensuring that the chain of accountability is clearly identified;

ensuring that a change in a process is verified and documented;

ensuring that staff performance reviews are established and implemented;

ensuring that resources are made available\fer trained personnel, supervision, work activities and qual

designating personnel trainéd in the performance of quality audits and the implementation of qual
imprpvement initiatives;

defining staff and management responsibilities;

defining the qualifications, competency and responsibility of each person authorized (authorized perso
designated to-carry out specific task(s);

ensuring qualification, education and training of personnel;

a

ty

=}

ty

introducing an infection prevention and control programme including procedures and protocols;

making provision for worker health and safety;

defining procedures for subcontractors, including whether they operate within or outside the health care

facility, if applicable;

defining continuous quality assurance and competency assessment procedures;
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i) ensuring that procedures are in place for control and monitoring of all phases of the operation and that
there is documentation to ensure adherence to standards, guidelines and regulations; one example is
implementing procedures for storage conditions, cleaning and disinfecting agents, and ensuring that they
are being used according to instructions on their label;

j)  ensuring that purchased sterilizers conform to legal requirements and its specification (see ISO 17665-
1:20086, 6.2);

k) ensuring that sterilizers are installed correctly and safely with regard to proper functioning, safety of
personnel and environmental protection;

)| ensuring that the service required for proper operation of the sterilization equipment~meet the
specifications of the sterilizer manufacturer;

nm) ensuring that newly installed sterilizers are subject to a documented scheme of validation cpmprising
installation qualification, operational qualification and performance qualification tests before thgy are put
into service;

n} ensuring that sterilizers are subject to a documented scheme of periodic4ests at yearly, quarterly, weekly
and (in some cases) daily intervals;

0) ensuring that sterilizers have a maintenance service contract or in-house inspection and majlntenance
programme staffed by fully trained and qualified personnel;

p} ensuring that procedures for production, quality control and 'safe working are documented and adhered to
in accordance with statutory requirements and accepted\best practice;

q) ensuring that procedures for dealing with malfunctions, accidents and dangerous occurrgnces are
documented and adhered to;

r)l ensuring that the sterilizer manufacturer's”recommendations for regular maintenance and periodic
inspections are followed and documented (see Clause 12 and also 12.3 of ISO 17665-1:2006);

s] ensuring that each measuring chain fitted to, or used with, the sterilization equipment is pg¢riodically
calibrated, inspected, checked(and maintained; the calibration of the equipment should be carried out
using instruments calibrated and traceable to national standards;

t)] ensuring that the sterilizer’'manufacturer supplies information/schedules on any parts or components that
require routine replacement and that this is made available to the user.

D|2.3 The managerwith executive authority should be aware of operational aspects such as:
a) work arealdesign (decontamination, preparation, sterilization and sterile storage areas), envilonmental
controls, \and washing facilities, work surfaces, traffic control, personal protective equipment and dress

code:

b) ,medical device preparation;

c) cleaning and disinfection;

d) reassembly and functional testing of complex devices;

e) packaging;

f)  sterilizer loading, operation, unloading and product release;
g) storage and distribution;

h) need for a traceability system for each medical device;
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i) sterility assurance and sterility maintenance;

j)  purchase agreements;

k) maintenance and sterilizer quality assurance;

I)  management and reporting of incidents requiring attention or action;

m) the sterilization of a medical device(s) according to its product family and/or the manufacturer's
recommendations;

n) the dterilization of a medical device(s) that is (are) difficult to clean or sterilize.

D.2.4 The manager with executive authority should be aware of requirements for sterilization.process
documentation and should ensure that this documentation includes:

a) regular quality audits of the documentation system;
b) accepsibility to the staff;

c) standlard operating procedures and have pertinent information for all critical’ steps of the sterilizatign
process;

d) manyals, diagrams and visual keys that should be available and readily accessible to staff;
e) all procedural and equipment audits and reports;

f) all changes to processes; the changes should be documented, approved and communicated to the
apprppriate staff in a timely manner.

D.3 Process and equipment characterization
(additiopal guidance for ISO 17665-1:2006;-Clause 6)

D.3.1 Hrocess (additional guidance for 1ISO)17665-1:2006, 6.1)

D.3.1.1 Two approaches to thelevaluation of sterilization processes are described in Annex A and
Annex B.
D.3.1.2 If the presence of sterilizing conditions on the medical device(es) cannot be predicted from the

tests detgiled in Annex A, a-Cembination of the tests prescribed in Annex A and Annex B may be necessary.
D.3.2 Hquipment (additional guidance for ISO 17665-1:2006, 6.2.)

Sterilizerg for use\in health care facilities should be equipped with a sterilization process(es) designed fo
sterilize g rangerof medical devices routinely used in a health care facility.

D.4 Product definition in health care facilities
(additional guidance for ISO 17665-1:2006, Clause 7)

D.4.1 Additional guidance on ISO 17665-1:2006, 7.1

It is unlikely that a health care facility will be involved in the design and development of a medical device. It is
more likely that the health care facility will be faced with the choice of purchasing commercialized products. In
certain circumstances the health care facility could be involved in the design and development of a new or
modified medical device. Under such circumstances the product family should be identified and the
requirements of ISO 17665-1 followed.
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D.4.2 Additional guidance on ISO 17665-1:2006, 7.3

A health care facility will often combine several commercialized products into one pack. The product
this combination should be identified. In most cases the product family identified should align with th
family for the medical device in the pack known to be the one most difficult to sterilize.

D.4.3 Additional guidance on ISO 17665-1:2206, 7.10

Use of devices that are dlfflcult to clean and/or dlsassemble should be carefully conS|dered prior to

b the medlcal dewce manufacturer. For instruments predatmg the publication of 1SO 17664[23] ré
national guidelines for cleaning, decontamination and sterilization of such medical devices should.be

0.5 Process definition
(additional guidance for ISO 17665-1:2006, Clause 8)

D.5.1 Additional guidance on ISO 17665-1:2006, 8.1

D{5.1.1 A sterilization process based on the recommendations for a-sterilization temperature an
time specified in national and regional pharmacopoeias and/or developed from process parameters

D{5.1.3 A dissimilar but existing sterilization process that previously has been defined to treat th
mily to which the new medical device is assighed may be used providing that the size, dg
construction material of the new medical device\fits into the product family range.

D{5.1.4 A health care facility will often ‘combine several commercialized products into one pa
these circumstances the facility should:take into account the instructions for reprocessing issued fg
the individual medical devices that make up the pack and the product families to which each medical
agsigned. The health care facility should consider the recommendations of individual sug
commercialized products for-reprocessing in relation to their existing sterilization process(es). It

2009(E)

family for
e product

purchase
provided
pgional or
followed.

d holding
specified

hve been
relevant

e product
sign and

tk. Under
r each of
device is
pliers of
might be

ppssible to use an existing  sterilization process, or it could be necessary to develop a new sterilization

pfocess based on the medical device manufacturer's recommendations. Any deviation for the
sferilization process should be agreed with the medical device manufacturer or validated by a d
person (see D.8.3.1-and A.4.2 in ISO 17665-1:2006).

D{5.1.5 If the-intended sterilization process is neither recommended by the medical device mar

nor previously/defined to treat the product family to which the new device fits, a detailed comparisory

tHe new.product and products already defined to the intended sterilization process should take p|

comparison should include physical characteristics supplemented with thermal and biological as
en applicable.

proposed
bsignated

ufacturer
between
ace. The
sessment

D.5.2 Additional guidance on ISO 17665-1:2006, 8.3

Physical parameters and exposure restrictions identified by the medical device manufacturer(s) should be

observed for each medical device. Failure to follow a manufacturer's reprocessing instructions can
performance of, and invalidate any warranties related to, the medical device.
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D.5.3 Additional guidance on ISO 17665-1:2006, 8.4

For many medical devices, air removal is a critical factor when predicting the presence of saturated steam
locations that are difficult to sterilize. Relevant tests and acceptance criteria for factors that can affect stea
penetration are identified in Annex A and Annex B.

D.5.4 Additional guidance on ISO 17665-1:2006, 8.12

in
m

A sterilization process based on bioburden is, in most cases, impractical and unsuitable for medical devices

intended ta be reprocessed

D.6 Validation
(additiopal guidance for ISO 17665-1:2006, Clause 9)

D.6.1 Operational qualification
(additional guidance for ISO 17665-1:2006, 9.3.1)

D.6.1.1 Whenever new equipment is installed, existing equipment is modified to)deliver a new sterilizatid
process, |or a service is changed, the sterilizer manufacturer, or the party-having responsibility for tf
sterilizatipn process, should define the product family(ies) that can beXireated and the performan
requirements and tests that are to be used to verify the efficiency of the sterilization process. Modifications
the steriligation process that can affect this efficiency include changes tg process parameters.

D.6.1.2 Performance requirements and tests may be needed ta establish:
a) effedtive air dilution obtained from the sterilization process:this can be predicted from the operating cycl

repraducibility will be affected by air leakage into the sterilizer chamber, non-condensable gas in tf
steam and the rate of change of temperature in the sterilizer chamber and sterilizer load;

b) contaminants that are deposited on the medical device: this can be predicted from the contaminan|
suspgended in the steam,;

c) steam penetration into those parts of the’ medical device from which air is difficult to remove: this can |
pred|cted by comparing the temperature measured in a reference device to the temperature measured
the feference measuring point~the reference device should offer a similar challenge to the medig
devige(s) it represents and the method should be verified by chemical indicators or biological indicato
positjoned in the reference device and/or medical device;

d) loadidryness for wrapped-goods: this can be determined by both visual inspection and mass increase.

D.6.1.3 If an existing sterilization process is to be used to treat a new medical device and/or loadir
configuration, conformity to the performance requirements established during the original or subseque|
operational qualification should be verified before performance qualification is carried out. This may be dor
by reference«to’/data obtained during routine processing and/or periodic tests or by a repeat of operation
qualification.
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D.6.2 Performance qualification
(additional guidance on ISO 17665-1:2006, 9.4)

D.6.2.1 Additional guidance for ISO 17665-1:2006, 9.4.1

D.6.2.1.1  The efficiency and reproducibility of the sterilization process and process parameters should be

known for the whole range of product family(ies) and load configuration(s) that the sterilization process
designed to treat.

is

36 © IS0 2009 — All rights reserved


https://standardsiso.com/api/?name=63bed0165008dab60104b1ae95a97038

D

D

D

ISO/TS 17665-2

:2009(E)

.6.2.1.2 The sterilization load most difficult to sterilize should be identified from the range of medical
devices, product families and loading configurations that the sterilizing process may treat. Advice on
characterizing for difficulty should be available from the medical device manufacturer(s) and/or sterilizer
manufacturer.

.6.2.1.3 Performance qualification should be carried out on this sterilization load and if successful may be
deemed to be valid for other combinations from this range.

.6.2.1.4 If dampness occurs on a medical device, specific orientation and/or location may be necessary.

S

D

T
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D

D
d
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D;L6.2.1.5 Some medical devices may need pre-treatment such as equilibration to atmospherid

ecific temperature and humidity.

6.2.2 Additional guidance for ISO 17665-1:2006, 9.4.2

he number of sensors used should ensure that sufficient data are recorded to demanstrate the effe
the process. Experience has shown that for a typical health care sterilization load and chamb

space (ca. 400 I), 5 to 12 temperature sensors may be sufficient.

6.2.3 Additional guidance for ISO 17665-1:2006, 9.4.4

ata for identifying limits for process parameters and acceptance. criteria for periodic tests ¢
btermined from data obtained from the tests carried out during performance qualification. This shou
ermometric data and data from the results from chemical indic¢ators and/or biological indicators pla
cations that are difficult to access. A judgement whether the'measured temperature is in air or steg

or other

ctiveness
er usable

hould be
d include
ced in the
m should

also be made.

D.6.3 Review and approval of the validation

(additional guidance for ISO 17665-1:2006, 9.5:2)

Dgta should be presented to confirm that:

a) there is a specification for each testused during operational qualification and performance qualification,
and that acceptance criteria foreach test has been met;

b] if a test(s) is (are) to be earried out periodically to verify that the efficiency of the sterilizatiof process
remains within specification, and that this test and its performance requirements have been deifived from
data gained during gperational qualification and performance qualification and requalification if necessary;

c] the product family(ies) represented by the worst case sterilization load for sterilization has been identified;

d) if a restriction” on presentation and/or location has been identified, this restriction is reflected in they
description-of the load configuration.

D.7-Routine monitoring and control

(additiomatguidance fortSO-17665-1:2666, Ctause—10)

D.7.1 Additional guidance for ISO 17665-1:2006, 10.1

D.7.1.1 Routine monitoring and control activities can be divided according to the frequency with which

they should be performed. The activities should include, if appropriate:

a) an air leakage flow rate test to establish the level of air leakage into the sterilizer chamber;

b)

©

1ISO 2009 — All rights reserved

a check to confirm that scheduled and unscheduled maintenance has been satisfactorily completed;
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