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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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proceattres—HSea—to—aeverop—ta cameht3a c—rendea—+tor— arther—athatenance are
Fibed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
Fent types of ISO documents should be noted. This document was drafted in acéordapce with the
rial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

he subject of
nt rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
it rights identified during the development of the document will be(inthe Introductign and/or on
50 list of patent declarations received. www.iso.org/patents

frade name used in this document is information given for the'éonvenience of users gnd does not
fitute an endorsement.

hn explanation on the meaning of ISO specific termis and expressions related to| conformity
sment, as well as information about ISO’s adherence to-the WTO principles in the Technjcal Barriers
nde (TBT), see the following URL: Foreword - Supplementary information

fommittee responsible for this document is ISOYTC 198, Sterilization of health care prodlucts.

1135:2014 cancels and replaces ISO 11135-1:2007 and ISO/TS 11135-2:2008, both off which have
technically revised and condensed int6-d single standard.
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Introduction

A sterile medical device is one that is free of viable microorganisms. Medical devices produced under
standard manufacturing conditions in accordance with the requirements for quality management
systems (see for example ISO 13485) might, prior to sterilization, have microorganisms on them, albeit
in low numbers. Such medical devices are non-sterile. The purpose of sterilization is to inactivate the
microbiological contaminants and thereby transform the non-sterile medical devices into sterile ones.

The kinetics of inactivation of a pure culture of microorganisms by physical and/or chemical agents
used to sterilize medical devices can generally best be described by an exponential relationship
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irdless of the extent of treatment applied. For a given treatment, the probability 6fisur
ed by the number and resistance of microorganisms and by the environment in-whic
xist during treatment. It follows that the sterility of any one medical device'ir-a popul
sterilization processing cannot be guaranteed and the sterility of a processed populat

rms of the probability of there being a viable microorganism present ofi\a medical dey

ISO 11135 dlescribes requirements that, if met, will provide an ethylene oxide sterilization pr

intended to
compliance
Standard w

sterilize medical devices, which has appropriate microbicidal activity. Furthery
with the requirements ensures that validations conducted following this Internat|
1l provide products that meet the defined requirements<for sterile products with a

degree of copfidence. The specification for this probability is a matterdor regulatory authorities an

vary from c

untry to country (see for example EN 556-1 and ANSIJAAMI ST67).

Generic requirements of the quality management systems.for design and development, produg

installation
systems for
systems rec

and servicing are given in ISO 9001 and particular requirements for quality manage
medical device production are given in ISO@®3485. The standards for quality manage
pgnize that, for certain processes used in‘manufacturing or reprocessing, the effectivg
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of the proceps cannot be fully verified by subsequentinspection and testing of the product. Steriliz
is an example of such a process. For this reasen, sterilization processes are validated for useg
performanck of the sterilization process mopnitored routinely and the equipment maintained.
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Exposure t(
associated v
for its inten

a properly validated, accutately controlled sterilization process is not the only f
Uith the provision of reliablejassurance that the productis sterile and, in this regard, sui
led use. Attention is therefore given to a number of considerations including:

the mictobiological status ©f;incoming raw materials and/or components;

the valiflation and roufine control of any cleaning and disinfection procedures used on the profduct;

the con
and pac

'rol of the.environment in which the product is manufactured or reprocessed, assembled
kaged;

the confrol of 'equipment and processes;

the control of personnel and their hygiene;

the manner and materials in which the product is packaged;

the conditions under which product is stored.

The type of contamination on a product to be sterilized varies and this impacts upon the effectiveness
of a sterilization process. Products that have been used in a health care setting and are being presented
for resterilization in accordance with the manufacturer’s instructions (see ISO 17664) are a special case.
There is the potential for such products to possess a wide range of contaminating microorganisms and
residual inorganic and/or organic contamination in spite of the application of a cleaning process. Hence,
it is important to pay particular attention to the validation and control of the cleaning and disinfection
processes used during reprocessing. Mixed product loads are common in health care facilities with
throughput volumes dictated by historical and predicted demand for sterile product.
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The requirements are the normative parts of ISO 11135 with which compliance is claimed. The guidance
given in the informative annexes is not normative and is not provided as a checklist for auditors. The
guidance in Annex D provides explanations and methods that are regarded as being suitable means for
complying with the requirements for industry and health care facilities.

The guidance, in Annex D, is intended for people who have a basic knowledge of the principles of EO
sterilization. Methods other than those given in the guidance can be used if they are effective in achieving
compliance with the requirements of ISO 11135.

The development, validation and routine control of a sterilization process comprises a number of
discrete but interrelated activities; e.g. calibration, maintenance, product definition, process definition,

1

inst
requ
does
requ
It is
and/|
Stan

Itisi

Hatiuu qua};ﬁ\,at;uu, UPCI atiuual Llua}ifi\,atiuu aud lJCl fUl IIIdIICT Liuq}ifi\,atiuu. ‘VAV’hilc t
red by ISO 11135 have been grouped together and are presented in a particular orde
not require that the activities be performed in the order in which they are presented. T
redarenotnecessarily sequential, asthe programme of developmentand validation may
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INTERNATIONAL STANDARD

ISO 11135:2014(E)

Sterilization of health-care products — Ethylene oxide —
Requirements for the development, validation and routine
control of a sterilization process for medical devices

1 Scope

1.1

This
of arn

Inclusions

International Standard specifies requirements for the development, validation:and roytine control
ethylene oxide sterilization process for medical devices in both the inddstrial and|health care

facility settings, and it acknowledges the similarities and differences betweenthe two appliications.

NOTH
meas|
facili

NOTH
areaf
The ¢

1
ures. The major differences relate to the unique physical and organizational conditions i
ies, and to the initial condition of reusable medical devices being presented for sterilization.

2 Health care facilities differ from medical device manufacturers in the physical design
, in the equipment used, and in the availability of personnel with'adequate levels of training an
rimary function of the health care facility is to provide patiént care; medical device reprocess

of a myriad of activities that are performed to support that fuiction.

NOTH
large
on th|
descr
clean|
Stand

NOTH
sensi

NOTH
and p

1.2

1.2.1

3 Interms of the initial condition of medical devices, medical device manufacturers gene
numbers of similar medical devices that have been produced from virgin material. Health d
e other hand, must handle and process both newmedical devices and reusable medical devicq
iptions and with varying levels of bioburden=They are therefore faced with the additional
ing, evaluating, preparing and packaging'a medical device prior to sterilization. In this
ard, alternative approaches and guidanee-specific to health care facilities are identified as sugd

4 EO gas and its mixtures are'effective sterilants that are primarily used for heat- and
five medical devices that cannot be moist heat sterilized.

5  Althoughthescope ofthis International Standardislimited to medical devices, it specifies
rovides guidance that can‘be applicable to other health care products.

Exclusions

routine control/of a process for inactivating the causative agents of spongiform encephalo

as sc
have
thes

NOTE

rapies-bovine spongiform encephalopathy and Creutzfeldt-Jakob disease. Specific recon]
beén produced in particular countries for the processing of materials potentially contan

Among the similarities are the common need for quality systems, §taff training, and proper safety

health care

bf processing
d experience.
ng is just one

rally sterilize
are facilities,
s of different
challenges of
International
h.

or moisture-

requirements

This International Standard does not specify requirements for the development, vallidation and

bathies such
mendations
hinated with

agents.

See IS0 22442-1,1S0 22442-2 and 1SO 22442-3.

1.2.2 This International Standard does not detail a specified requirement for designating a medical
device as sterile.

NOTE

See for example EN 556-1 or ANSI/AAMI ST67.

Attention is drawn to national or regional requirements for designating medical devices as “sterile”.

1.2.3 This International Standard does not specify a quality management system for the control of all
stages of production of medical devices.

© ISO
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NOTE The effective implementation of defined and documented procedures is necessary for the development,
validation and routine control of a sterilization process for medical devices. Such procedures are commonly
considered to be elements of a quality management system. It is not a requirement of this International Standard
to have a full quality management system during manufacture or reprocessing. The necessary elements are
normatively referenced at appropriate places in the text (see, in particular, Clause 4). Attention is drawn to the
standards for quality management systems (see ISO 13485) that control all stages of production or reprocessing
of medical devices. National and/or regional regulations for the provision of medical devices might require the
implementation of a full quality management system and the assessment of that system by a third party.

1.2.4 This International Standard does not specify requirements for occupational safety associated
with the design and operation of EO sterilization facilities.

NOTE1  Fqr further information on safety, see examples in the Bibliography. National or regional regtildtions
may also exigt.

NOTE 2  EQ is toxic, flammable and explosive. Attention is drawn to the possible existence in sgme countifies of
regulations giving safety requirements for handling EO and for premises in which it is used.

1.2.5 Thig| International Standard does not cover sterilization by injecting EO o1y mixtures contajning
EO directly into packages or a flexible chamber.

NOTE Sde ISO 14937 for these types of EO processes.

1.2.6 ThigInternational Standard does not cover analytical methods for determining levels of resjdual
EO and/or its reaction products.

NOTE1  Fqr further information see ISO 10993-7.

NOTE 2  Aftention is drawn to the possible existence of national or regional regulations specifying limifs for
the level of EQ residues present on or in medical devices.

2 Normative references

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

ISO 10012, Measurement management systems — Requirements for measurement processes and meas{iring
equipment

ISO 10993-7 Biological eyaluation of medical devices — Part 7: Ethylene oxide sterilization residuals

ISO 11138-1:2006, Sterilization of health care products — Biological indicators — Part 1: Geperal
requirements

ISO 11138-2:2009, Sterilization of health care products — Biological indicators — Part 2: Bioldgical

.. 11 R Ty
mdlcatorsf retnyere oxrae sterization processes

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

ISO 11737-1, Sterilization of medical devices — Microbiological methods — Part 1: Determination of a
population of microorganisms on products

ISO 11737-2, Sterilization of medical devices — Microbiological methods — Part 2: Tests of sterility
performed in the definition, validation and maintenance of a sterilization process

ISO 13485:2003/Cor 1:2009, Medical devices — Quality management systems — Requirements for
regulatory purposes — Technical Corrigendum 1

2 © ISO 2014 - All rights reserved
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3 Terms and definitions

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

3.1

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

Note

3.2

1 to entry: This can be performed within the sterilizer and/or in a separate chamber or room.

aerah‘ion area

eithd

3.3
biob
popy

[SOU

3.4
biold
test 4
proc

[SOU

3.5
calil
seto
india
oral

[SOU

3.6
chen
test 4

phys
[SOU
3.7
cond

treat
pred

r a chamber or a room in which aeration occurs

urden
lation of viable microorganisms on or in product and/or sterile barrier;system

RCE: ISO/TS 11139:2006, definition 2.2]

pgical indicator
ystem containing viable microorganisms providing a defiited resistance to a specified
PSS

RCE: ISO/TS 11139:2006, definition 2.3]

ration

Foperations that establish, under specified-¢onditions, the relationship between values
ated by a measuring instrument or measuring system, or values represented by a matel
eference material, and the corresponhding values realized by standards

RCE: ISO/TS 11139:2006, definition 2.4]

nical indicator
ystem that reveals archange in one or more pre-defined process variables based on a
ical change resulting,ffom exposure to a process

RCE: ISO/TS 14139:2006, definition 2.6]
itioning

mentiof product within the sterilization cycle, but prior to ethylene oxide admission
etermined temperature and relative humidity

sterilization

bf a quantity
ial measure

chemical or

, to attain a

Note 1 to entry: This part of the sterilization cycle can be carried out either at atmospheric pressure or under
vacuum.

Note

© ISO

2 to entry: See 3.27, preconditioning.
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3.8

D value

D1p value

time or dose required to achieve inactivation of 90 % of a population of the test microorganism under
stated conditions

[SOURCE: ISO/TS 11139:2006, definition 2.11]

Note 1 to entry: For the purposes of this International Standard, the D value is the exposure time required to
achieve 90 % inactivation of the population of the test organism.

3.9
development
act of elabotfating a specification

[SOURCE: ISO/TS 11139:2006, definition 2.13]

3.10

dew point
The temperature at which the saturation water vapour pressure is equal to the ‘partial pressure qf the
water vapour in the atmosphere

Note 1 to entfy: Any cooling of the atmosphere below the dew point would produce water condensation.

3.11
establish
determine Hy theoretical evaluation and confirm by experimentation

[SOURCE: ISO/TS 11139:2006, definition 2.17]

3.12
ethylene oxide (EQ) injection time
duration of the stage beginning with the first introduction of the EO (mixture) into the chamber tp the
completion pf that injection

3.13
exposure time
period for which the process parameters are maintained within their specified tolerances

[SOURCE: ISO/TS 11139:2006, definition 2.18]

Note 1 to entfy: For the purpese-of calculation of cycle lethality, it is the period of sterilization between the ¢nd of
EO injection §nd the beginiiing of EO removal.

3.14
fault
one or more| ofthe process parameters lying outside of its/their specified tolerance(s)

[SOURCE: ISO/TS TT139:2006, definition 2.19]

3.15

flushing

procedure by which the ethylene oxide is removed from the load and chamber by either multiple alternate
admissions of filtered air, inert gas or steam and evacuations of the chamber or continuous passage of
filtered air, inert gas or steam through the load and chamber

3.16

fractional cycle

a cycle in which the exposure time to EO gas is reduced compared to that specified in the sterilization
process

4 © ISO 2014 - All rights reserved
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3.17

half cycle
a cycle in which the exposure time to EO gas is reduced by 50 % compared to that specified in the
sterilization process

3.18
health care facility

HCF

governmental and private organizations and institutions devoted to the promotion and maintenance of
health, and the prevention and treatment of diseases and injuries

EXA RLL Abaoslih cown fo ity oo bao s bhocaital vt ghboran avrandad oo £fooiliby, Lo oo
Nrogp=p=; T rrCotrcr Car CTaCtTire y Catr o C o oS preas; ot ST It Tt T

centre, clinic, medical office, or dental office.

3.19
health care product
medical device(s), including in vitro diagnostic medical device(s), or medicinal-product(
biopharmaceutical(s)

[SOURCE: ISO/TS 11139:2006, definition 2.20]

3.20
installation qualification

1Q

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

[SOURCE: ISO/TS 11139:2006, definition 2.22]

3.21
medjcal device

any

software, material or related article, intended by the manufacturer to be used, alone or in g
for human beings for one or more of thesspecific purpose(s) of

ometxcenratattar TCTITCy, 1t CC—Stat

nstrument, apparatus, implement, machine, appliance, implant, in vitro reagent o

iagnosis, prevention, monitoring, treatment or alleviation of disease,

iagnosis, monitoring, tfeatment, alleviation of, or compensation for an injury,
investigation, replacement or modification or support of the anatomy or of a physiologi
¢ontrol of concéption,

Iisinfection of medical devices,

roviding information for medical purposes by means of in vitro examination of specin|
from.the human body,

ding surgical

5), including

installed in

r calibrator,
ombination,

cal process,

1ens derived

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

[SOURCE: ISO 13485:2003, definition 3.7]

3.22
microorganism
entity of microscopic size, encompassing bacteria, fungi, protozoa and viruses

Note 1 to entry: A specific standard might not require demonstration of the effectiveness of the sterilization
process in inactivating all types of microorganisms, identified in the definition above, for validation and/or
routine control of the sterilization process.

[SOURCE: ISO/TS 11139:2006, definition 2.26]

© IS0 2014 - All rights reserved
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operational qualification

0Q

process of obtaining and documenting evidence thatinstalled equipment operates within predetermined

limits when
[SOURCE: IS
3.24

used in accordance with its operational procedures

0/TS 11139:2006, definition 2.27]

overkill approach

approach us

biological i

3.25

parametrig
declaration
delivered w

[SOURCE: IS
Note 1 to ent

3.26
performan
PQ

process of
accordance
criteria and

[SOURCE: IS

3.27

preconditig
treatment o
for tempera

3.28
process chd
PCD
item designd
of the proce

[SOURCE: IS

Note 1 to ent
device thatis

ing sterilization process that delivers a minimum of 12 Spore Log Reduction (SLR)

C aco AV a a Cora 00 cl a

release
that product is sterile, based on records demonstrating that the process parameters
thin specified tolerances

0/TS 11139:2006, definition 2.29]

Fy: This method of process release does not include the use of biological iidicators.

Ce qualification

pbtaining and documenting evidence that the equipment, as installed and operat{
with operational procedures, consistently performs in accordance with predetern
thereby yields product meeting its specification

0/TS 11139:2006, definition 2.30]
ning

F product, prior to the sterilization'€ycle, in a room or chamber to attain specified condi
fure and relative humidity

1llenge device

d to constitute a defined resistance to a sterilization process and used to assess performnj
5S

0/TS 11139;2006, definition 2.33]

"'y: For the purpose of this International Standard, a PCD can be product, simulated product or
inoculated directly or indirectly. See 7.1.6 and D.7.1.6.

to a

were

bd in
lined

tions

ance

other

Note 2 to ent

ryzs In this International Qfanr‘]arr‘]’ a distinction is made between an internal PCD and an ext

rnal

PCD. An internal PCD is used to demonstrate that the required product SAL is achieved. A PCD located within
the confines of the product or product shipper case is an internal PCD, whereas a PCD located between shipper
cases or on the exterior surfaces of the load is an external PCD. An external PCD is an item designed to be used for
microbiological monitoring of routine production cycles.

3.29

process parameter

specified va

lue for a process variable

Note 1 to entry: The specification for a sterilization process includes the process parameters and their tolerances.

[SOURCE: IS

O0/TS 11139:2006, definition 2.34]
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process variable
condition within a sterilization process, changes in which alter microbicidal effectiveness

EXAMPLE Time, temperature, pressure, concentration, humidity, wavelength.

[SOURCE: ISO/TS 11139:2006, definition 2.35]

3.31

processing category

colle

Note

the sterilization process than the process challenge device for that group.

3.32

product

resu

[SOURCE: ISO 9000:2005, definition 3.4.2]

Note
inter

3.33

product family

grou
cond

3.34

product load volume
defirled space within the usable chamber volume occupied by product

3.35
reco

depasitory authority under the Budapest Treaty on The International Recognition of th

Micr

[SOURCE: ISO/TS 11139:2006,/definition 2.38]

3.36
refej
micr

[SOU

3.37
requ

ction of different product or product families that can be sterilized together

1 to entry: All products within the category have been determined to present an equal or lesse

t of a process

1 to entry: For the purposes of sterilization standards, product is tangible and can be ray
mediate(s), sub-assembly(ies) and health care products.

p of product possessing characteristics that allow*them to be sterilized using defi
fitions

gnized culture collection

porganisms for the Purposeswof Patent and Regulation

‘ence microorganism
bbial strain ebtained from a recognized culture collection

RCE: ISOYTS 11139:2006, definition 2.39]

alification

 challenge to

v material(s),

nhed process

e Deposit of

repe

tition of partof validation for the purpose of confirming the continued acceptability o

process

[SOURCE: ISO/TS 11139:2006, definition 2.40]

3.38
reus

able medical device

a specified

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

Note 1 to entry: This is not a medical device that is designated or intended by the manufacturer for single use only.
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3.39
services
supplies from an external source, needed for the correct function of equipment

EXAMPLE Electricity, water, compressed air, drainage.
[SOURCE: ISO/TS 11139:2006, definition 2.41]

3.40
single use medical device
medical device designated or intended by the manufacturer for one-time use only

3.41
specify
stipulate in fetail within an approved document
[SOURCE: ISO/TS 11139:2006, definition 2.42]

3.42
Spore-log-rieduction
SLR
log of initial|spore population, Np, minus the log of the final population, Ny

[SOURCE: IS0 14161:2009, definition 3.19]

Note 1 to enfry: Describing the reduction in the number of spores on abiological indicator or inoculated item
produced by exposure to specified conditions.
For Direct Enumeration:

SLR =log Np t log Ny

where
No is the initial population;

Ny is the final populatjen.

For Fraction Negative:

SLR =log Ny 1 log [In {gy/n)]

where
No is the initial population;
q is the number of replicate samples tested;
n is the number of samples negative for growth.

If there are no survivors, the true SLR cannot be calculated. The SLR can be reported as “greater than” log Ny if
one surviving organism is used.
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3.43
sterile
free from viable microorganisms

[SOURCE: ISO/TS 11139:2006, definition 2.43]

3.44

sterile barrier system

minimum package that prevents ingress of microorganisms and allows aseptic presentation of the
product at the point of use

[SOURCE-1SQ/TS 11139:2006, definition 2 44]

3.45
sterility
statd of being free from viable microorganisms

Note |l to entry: In practice, no such absolute statement regarding the absence of mjcroorganisms can be proven.
Note 2 to entry: See 3.47, sterilization.
[SOURCE: ISO/TS 11139:2006, definition 2.45]

3.46
sterility assurance level
SAL
probpbility of a single viable microorganism occurring on'an item after sterilization

Note [l to entry: The term SAL takes a quantitative value, génerally 10-6 or 10-3. When applying thi§ quantitative
valug to assurance of sterility, an SAL of 10-6 has a lower'value but provides a greater assurance of sterility than
an SAL of 10-3.

[SOURCE: ISO/TS 11139:2006, definition 2.46]

3.47
sterilization
validated process used to renderproduct free from viable microorganisms

Note [l to entry: In a sterilization process, the nature of microbial inactivation is exponential and thuf the survival
of a microorganism on an indiyidual item can be expressed in terms of probability. While this probability can be
reduged to a very low number, it can never be reduced to zero.

Note P to entry: See.3.46, sterility assurance level.
[SOURCE: ISO/T'$ 11139:2006, definition 2.47]

3.48
sterilization cycle
treatment in a sealed chamber which includes air removal r‘nndlhnmno (lfncprﬂ injection of ethy]ene
oxide, inert gas (if used), exposure to ethylene oxide, removal of ethylene oxide and flushing (if used),
and air/inert gas admission

3.49
sterilization load
product to be, or that has been, sterilized together using a given sterilization process

[SOURCE: ISO/TS 11139:2006, definition 2.48]
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sterilization process
series of actions or operations needed to achieve the specified requirements for sterility

[SOURCE: IS

0/TS 11139:2006, definition 2.49]

Note 1 to entry: This series of actions or operations includes preconditioning (if necessary), exposure to the
ethylene oxide under defined conditions and any necessary post-treatment required for the removal of ethylene
oxide and its by-products. It does not include any cleaning, disinfection or packaging operations that precede the
sterilization process.

3.51

sterilizatio
person with
materials aff

3.52

n specialist
technical knowledge of the sterilization technology being utilized and its effects
d microorganisms

sterilizing agent

physical or
sterility und

[SOURCE: IS

3.53

survivor cy
graphicalre
to a microbi

[SOURCE: IS

3.54

test for stej
technical o]
sterilization

[SOURCE: I§

3.55

test of steri
technical of
presence or

[SOURCE: I§
3.56

rhemical entity, or combination of entities having sufficient microbicidal‘activity to ac}
er defined conditions

0/TS 11139:2006, definition 2.50]

rve
presentation of the inactivation of a population of microprganisms with increasing expq
cidal agent under stated conditions

0/TS 11139:2006, definition 2.51]

rility
peration defined in a Pharmacopo€ia performed on product following exposure
process

0/TS 11139:2006, definition2.53]
lity
eration performed-as-part of development, validation, or requalification to determin

absence of viablezmicroorganisms on product or portions thereof

0/TS 111392006, definition 2.54]

usable chamberwvolume

defined spa

fe within the sterilizer chamber, which is not restricted by fixed or mobile parts and W

Lpon

hieve

sure

to a

e the

rhich

is available

o accept the sterilization load

Note 1 to entry: The volume allowed for gas circulation around the load inside the chamber is not included as

usable space.

3.57
validation

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

[SOURCE: IS

10

O/TS 11139:2006, definition 2.55]
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3.58

virgin material

material that has not been previously used, or subjected to processing other than for its original
production

4 Quality management systems

4.1 Documentation

4_ 1 Praocadurac for douvalanmaont ualidation wontinn contrnl and nenduot valaacn frrons Sterilization
A, rroceatfrestor—eaeveropeRvVartaattoFouthe—eontroranaproaucetrerease+o

shall[be specified.

4.1.1 Documents and records required by this International Standard shall be reyiewed and approved
by de¢signated personnel (see 4.2.1). Documents and records shall be controlled ‘ihaccordance with the
applicable clauses of ISO 13485.

4.2 | Management responsibility

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

4.2.2 Ifthe requirements of this international standar@sare undertaken by organizations with separate
quality management systems, the responsibilities andauthority of each party shall be specifjed.

Wheh a HCF contracts out the sterilization of reusable medical devices, it is the HCF’s respansibility for
validation and release of the sterilized produst.

4.3 | Product realization

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

4.3.2 Procedures for identification and traceability of product shall be specified. These| procedures
shall{comply with thecapplicable clauses of ISO 13485.

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

4.4  Measurement-analvsisandim
. Heasure Sana-1

ment,analysis andimp

rovement Controlofnonconforming nr duct
HOV-EHTEHt TOHtHO+- 0 HOH OO H T 5Pt

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

5 Sterilizing agent characterization

5.1 General

The purpose of this activity is to define the sterilizing agent, demonstrate its microbicidal effectiveness,
identify the factors that influence microbicidal effectiveness, assess the effects that exposure to the
sterilizing agent has on materials, and identify requirements for safety of personnel and protection of
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the environment. This activity may be undertaken in a test or prototype system. Where this occurs,
the final equipment specification (see 6.3) shall be relatable to the results of experimental studies
undertaken in the test or prototype equipment. For the purposes of this International Standard, the

sterilizing agent is EO.

5.2 Sterilizing agent

The sterilizing agent specification shall include, if appropriate, conditions of storage to maintain the EO
within its specification for the duration of the stated shelf life.

5.3 Micrg

Microbicida
composition

NOTE
This literatuy
Reference to

5.4 Mate

The effects
compreheng
medical dey
performanc
effects of E(

5.5 Safet

5.5.1 Eith
for EO and it
identified.

5.5.2 The
assessed an
impact and

hicidal affoctivanacc
DTICTUUOT CITCCTIV O TIITO Y

effectiveness data shall be developed if it is proposed to use the EO outside of the ran
s that are widely recognized or if a novel diluent is to be used.

The inactivation of microorganisms by EO has been comprehensively documented in liter3

e provides knowledge of the manner in which the process variables affect microbial inactiv
these general studies on microbial inactivation is not required by this International Standard.

rial effects

of EO on a wide variety of materials used to manufacture medical devices have
ively documented and such documentation is of value €@ those designing and devel
rices that are to be sterilized by EO. This International Standard does not requir

on product (see Clause 7).

y and the environment

s diluents (if any). Measures necessary to protect the health and safety of personnel sh

potential effect on the environment of the operation of the sterilization process sha
measures to protect thé environment shall be identified. This assessment, including pote
easures for control,(shall be documented.

5.5.3 Users of EO shall cemply with applicable local, national and international requirements rega
the emission and disposalef EO and its diluents as well as any by-products.

6 Process and'equipment characterization

ge of

iture.
htion.

been
ping
b the

e of specific studies on material effects, but does require performance of studies of the

br a material safety data sheet (MSDS) oranalogous safety information shall be made available

hll be

1l be
ntial

rding

6.1 Generat

6.1.1 The purpose of this activity is to define the entire sterilization process and the equipment
necessary to deliver the sterilization process safely and reproducibly.

6.1.2

If an existing process has been used to sterilize product this activity is not required, however, the

process and equipment should be reviewed to ensure the identified variables in 6.2 and 6.3 have been
included in the process specification for routine production.

6.2 Process characterization

6.2.1 Process characterization, at a minimum, shall include:

12
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a) identifying the phases that are necessary for an EO sterilization process;
b) identifying the process variables for each phase;
c) documenting the process variables.

NOTE The data developed in product definition (see Clause 7) can impact the characterization of the
sterilization process.

6.2.2 The phases of the sterilization process include:

a) preconditioning (ifused);

b) the sterilization cycle;

c) 4Jeration (if used).

6.2.3 The process variables for preconditioning (if used) include at a minimum:
a) fime;

b) temperature;

c) lhumidity;

d) fransfer time.

6.2.4 The process variables for the sterilization cyclé include:
a) ¢xposure time;

b) {emperature;

c) lhhumidity;

d) KO concentration;

e) [pressure.

6.2.§ The process variables for aeration (if used) include at a minimum:
a) fime;

b) temperature:

NOTH In\aeration these parameters are considered process variables only if aeration is donsidered to

contifibute to ensuring the microbicidal effectiveness of the sterilization process (See AAMI| TIR16:2009,
clausp 571.3.3)

6.3 Equipment characterization

6.3.1 The specification for the equipment to be used shall be developed and documented. This
specification shall include:

a) the preconditioning area (if used);
b) the sterilizer;
c) the aeration area (if used).

NOTE Some aspects of the equipment design may be influenced by national or regional regulatory
requirements or standards.
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6.3.2 At a minimum, the specification shall include:

a) description of the equipment, together with any necessary ancillary items, including materials of
construction;

b) description of the means by which the sterilizing agent is delivered to the chamber;

c) description of the means by which any other gas(es), including steam, are delivered to the chamber;

d) description of instrumentation for monitoring, controlling and recording the sterilization process,
including sensor characteristics and their locations;

e) fault(s) fecognized by the sterilizing equipment;

f) safety features, including those for personnel and environmental protection;

g) installation requirements, including specifications for required services and requirements for the
control pf emissions.

6.3.3 Software used to control and/or monitor the process shall be prepared and validated in accord

with the ele

design specification.

NOTE Fd
6.3.4 The
6.3.5 Mea

recording of

NOTE
cross-check

7 Produ
7.1 Gene

7.1.1 The

This may be achieved either by the use of independent systems for control and monitoring o1

ments of a quality system that provides documented evidence that'the software mee

r further information, attention is drawn to ISO/IEC 90003.
means of monitoring and controlling the process variables shall be determined and sped

ns shall be provided to ensure that failure in a control function does not lead to faily
process variables such that an ineffective process appears effective.

etween control and monitoring which identifies any discrepancies or indicates a fault.

ct definition
ral

purpose of this activity is to define the product to be sterilized, including the microbiold

quality of th|
for steriliza

7.1.2 Prod

product priorte-sterilization and the manner in which product is packaged and preség
ion.

Juct definition shall be performed prior to the introduction of a new or modified pro|

package or
the steriliz

agion process) to a previously validated product, package or loading configuration shd
considered to Meet the TequUIrement to perform product definition. Any demonstration of equiva

oading configuration. A demonstration of equivalence (with reference to the challen

ance
ts its

ified.
re in

by a

gical
nted

duct,
e to
11l be

shall be documented.

ence

7.1.3 Product shall be designed to allow removal of air, if applicable, and penetration of heat, humidity
and EO during the sterilization process, and removal of EO at the end of the process.

7.1.4 Packaging shall be designed to allow removal of air and penetration of heat, humidity and EO
during the sterilization process, and removal of EO at the end of the process.

7.1.5 Theload configuration shall be designed to allow removal of air and penetration of heat, humidity
and EO during the sterilization process, and removal of EO at the end of the process.

14
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7.1.6 It shall be demonstrated that the specified sterilization process is effective in sterilizing the most
difficult-to-sterilize location within the product. This can be achieved by performing process definition
and validation of a new product; or through the demonstration of equivalence to a previously validated
product, or internal process challenge device (internal PCD) used to qualify the product SAL when exposed

to the specified sterilization process (See 8.6 and D.8.6).

7.2

7.2.1

Product safety, quality and performance

It shall be confirmed that the product and its packaging meet specified requiremen

ts for safety,

quality and performance following the application of the defined sterilization process using the process

para

NOTH

7.2.2
pack

CtET tOIETaNCES tUTat TAve DEEI GeteITIEd 0 Tave tIe Breatest impact OlT te proauct

Design control is one aspect addressed in ISO 14971.

If multiple sterilization cycles are permitted, the effects of such processing’on the pr
hging shall be evaluated.

package.

duct and its

7.2.3 Thebiological safety of product following exposure to the sterilization process shall bg established
in acfordance with the applicable parts of the ISO 10993 series.

7.2.4 Means shall be established to reduce EO residual levels.§uch that the processed products comply
with|the requirements of ISO 10993-7.

7.3 | Microbiological quality

7.3.1 A system shall be specified and maintaifted to ensure that the microbiological |quality and
clearjliness of the product presented for sterilization is controlled and does not compromise the

effec

NOTH
is prd

7.3.2
in ac
spec
NOTH

in IS(
in thd

7.4

fiveness of the sterilization process.

Bacterial endotoxins are not destreyed by the ETO process. Guidance on testing for bacterfi
vided in ANSI / AAMI /ST72 and the.applicable pharmacopeia.

For single use medical deyices, an estimation of bioburden at a defined interval shall b
rordance with ISO 11737-1. For reusable medical devices, an assessment of the effectiy
fied cleaning process and, if applicable, disinfecting process, shall be performed.

Requirements)for information to be provided for the reprocessing of resterilizable devi

17664. Information for the assessment of the effectiveness of cleaning and disinfection proc
applicable patts of ISO 15883 series.

Documentation

The 1

al endotoxins

e performed
eness of the

ces are given
Psses is given

esults of product definition shall be documented by the manufacturer of the device.

8 Process definition

8.1 The purpose of this activity is to obtain a process specification which can be applied for the
sterilization of the defined product (see Clause 7) during the validation studies.

8.2 The sterilization process applicable for the defined product shall be established. The defined
product includes new or modified product, packaging or loading configurations.

8.3 Process definition activities shall be performed in a sterilization chamber (developmental chamber
or production chamber) that has undergone Installation Qualification (IQ) and Operational Qualification

(0Q)

© ISO

procedures (see 9.2 and 9.3).
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8.4 Documentation and records shall support the validity of process parameters and associated process
variables as defined in the process characterization (see 6.2)

8.5 The rate of microbiological inactivation provided by the specified sterilization cycle for a specific
microbiological challenge shall be determined, using one of the methods described in Annexes A or B or
by an alternative method that demonstrates the product has achieved the required sterility assurance

level (SAL).

8.6 Biological indicators (Bls) used as part of the establishment of the sterilization process shall

a)
b) be show

comply

c) be placq

The appropi
shall be detg
greater thar
within the p

NOTE Fq

8.7 Comn]
comply with

8.8 If che
comply with

Chemical in
shall not be

8.9 Iftest{
with ISO 11

9 Validation

9.1 Gene

9.1.1 The
process defi
the steriliza
operational

n to be at least as resistant to EO as is the bioburden of product to be sterilized, and
d within an appropriate PCD.

iateness of the PCD used for process definition, validation or routine monitoring and co
ermined. The PCD shall present a challenge to the sterilization process that is equivalg
1 the challenge presented by the natural bioburden at the most difficult to sterilize loc
roduct.

r information on the selection, use and interpretation of biologicalindicators, see ISO 14161.

ercially supplied biological indicators used in the definition of the sterilization process
the requirements in 8.6 and all applicable clauses of{SO 11138-1.

mical indicators are used as part of the definition of the sterilization process, these
ISO 11140-1.

dicators shall not be used as the sole,means of establishing the sterilization proces;
used as an indicator that the required.SAL has been achieved.

of sterility are performed during-the definition of the sterilization process, they shall co
[37-2.

ral

purposg{of validation is to demonstrate that the sterilization process established il
nition(see Clause 8) can be delivered effectively and reproducibly to the product w
fion{load. Validation consists of a number of identified stages: installation qualification
qualification (0Q) and performance qualification (PQ). Testing shall not commence unt

ntrol

nt or
htion

shall

shall

and

mply

h the
ithin
(1Q),
il the

procedures and/or protocols have been approved.

9.1.2

been supplied and installed in accordance with their specification.

IQ is undertaken to demonstrate that the sterilization equipment and any ancillary items have

9.1.3 0Q is undertaken to demonstrate the ability of the equipment to meet the performance
requirements of its design specification.

16
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9.1.4 PQ is the stage of validation that uses product to demonstrate that the equipment consistently
operates in accordance with predetermined acceptance criteria and the process yields product that is
sterile and meets the specified requirements.

IQ and 0Q may be a one-time exercise for the specific equipment being employed for a sterilization
process. PQ should be carried out for each new process and/or product to be validated to demonstrate
that the process complies with identified acceptance criteria and is capable of delivering the required
SAL to the product.

9.2 Installation qualification, IQ

9.2.1 Equipment

9.2.1.1 Equipment to be used in the sterilization process, including any ancillary:itéms, $hall comply
withlits design specifications.

9.2.1.2 Sterilization equipment shall comply with the applicable safety standards.

9.2.1.3 The operating procedures for the equipment shall be specified. These operating procedures
shalllinclude, but are not limited to

a) gtep-by-step operating instructions,

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

) Instructions for maintenance and calibration, and

d) details of contacts for technical support.

9.2.7 Installation qualification

9.2.2.1 Installation of the equipment and all associated services shall be in accordanjce with the
archtectural and engineering drawings. The installation shall comply with all pertinent natiopnal, regional
and local regulations.

9.2.2.2 Instructions for\installation shall be specified and shall include instructions perfinent to the
health and safety of personnel.

9.2.2.3 Conditions for the safe storage of EO shall be specified to ensure that its quality and fomposition
remdin within Specification.

9.2.2.4/~Prior to 1Q, the calibration status of any test instrumentation used during the| IQ shall be
confirmed.

9.2.2.5 Drawings of the equipment as installed, plumbing and other ancillary equipment shall be
finalized during IQ.

9.2.2.6 Changes made to systems during the IQ shall be assessed for their impact on the design and
process specification and documented in the design history file.

9.3 Operational qualification, 0Q

9.3.1 Prior to 0Q, the calibration of all instrumentation (including any test instruments) used for
monitoring, controlling, indicating or recording of the sterilization process shall be confirmed (see 4.3.3).
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9.3.2 0Qshall demonstrate thatthe installed equipmentis capable of meeting its operating specification.

9.4 Performance qualification, PQ

9.4.1 Gen

eral

9.4.1.1 PQ consists of both microbiological and physical performance qualification and is performed in
the equipment used to sterilize the product.

packaging, |

9.4.1.3 P(
that the equ

19 Oormedad _on N 0 (] On_0O NEW_ 0 MO0 Cd_DIrod D O1Ng

, equipment or process parameters, unless equivalence to a previously validated prg

bad configuration, equipment or process has been documented. (See 7.1.2, 7.1.6 and 12

load
duct,
5.)

shall use product, or material representative of that to be sterilized routinely; to-demons
ipment consistently operates in accordance with acceptance criteria and that the pr

trate
pCeESS

produces prpduct that meets the intended SAL.

9.4.14 Th
shall be spe

e manner of presenting product for sterilization, including the load cenfiguration of a product,

rified.

NOTE If
quality for p
product.

bduct
terile

saleable product has been used during validation, 7.2 provides)information concerning the pr
ptient use and 11.4 provides information concerning the.requirements for the release of s

94.1.5 Th
based upon

e load used for PQ shall be representative of that te'be sterilized routinely and shall be defined

the most challenging routine load.

9.4.1.6 Fo
variation affects the sterilization process shall bé-evaluated. It shall be demonstrated that all pr
exposed to g sterilization process achieves the'required SAL.

I establishments that have widely varying load configurations, the extent to which the
duct

9.4.1.7 If
sterilization

material other than produetiis used, it shall present at least as great a challenge tp the

process as the product.

meet
gical

9.4.1.8 If loads are reused fot-the validation cycles, they shall be aerated between exposures to
the regulatipns for worker safety and to ensure that EO residues in the load do not affect the biold
challenge in|the next microbiological PQ study.

94.19 If hll be

used in conj

themicaliindicators are used as part of PQ, these shall comply with ISO 11140-1, and sh
inction:with microbiological and physical monitoring.

Lz aazith £ho anaalicalhla ol

blagical s disatc 1ion np mu
lllyl] VVvIUIL CIIC bllell\'uLll\' A2 §

1 1 P 1
9-4-1-10 Bl OToO S TICaTr IarCatoTr S o ST T T

and ISO 11138-2:2009, Clause 5 and 9.5.

213
ook

2006

9.4.2 Performance qualification — Microbiological

9.4.2.1 Themicrobiological PQ (MPQ) shall demonstrate that, on application of the sterilization process,
the specified requirements for sterility are met. Studies shall be performed in the production chamber
using defined process parameters selected to deliver less lethality than the specified sterilization process.

9.4.2.2 MPQ shall confirm the effectiveness of the defined process for the product/load combination in
a production chamber.
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9.4.2.3 The lethality of the cycle shall be determined using one of the methods described in Annex A or
Annex B or by an alternative method that demonstrates achievement of the required product SAL.

9.4.2.4

If process definition was determined in a developmental chamber, the MPQ shall include at

least three fractional or three half cycles in the production chamber that confirm the data from the
developmental chamber.

9.4.2.5

If the overkill half cycle approach [see B.1.2 a)] is used, then there shall be no posi

PCDs from the half cycle runs.

Posit;

ive-externalRCDs-duringthe-halfcycleareacceptableifthey have-demonstrated-greate

tive internal

rresistance

than
PCD{

9.4.2
(see
spec

9.4.3

9.4.3

a)

1
b)
The

1

the internal PCDs providing a “worst-case challenge” for routine processing. Howevei
should test negative.

.6 If the overkill cycle calculation approach [see B.1.2 b)] or the BT/bioburde
Annex A) is used, there may be some surviving internal PCDs, but the cal¢ulated SAL sH
fied value (See ISO 14161).

Performance qualification — Physical

.1 Physical PQ (PPQ) shall demonstrate

hat the specified acceptance criteria are met throughaout the load for the duration of t
outine process specification, and

eproducibility of the process.

PPQ shall include a minimum of three plannhed qualification cycles, consecutive in the

in which all the specified acceptance criteria-are met. PPQ may be conducted during the M

perfy
perfq

Ifaf

rmed in parallel with at least three MPQ runs, then a minimum of one additional PPQ
rmed using the full routine process.specification.

hilure can be attributed to factors not relevant to the effectiveness of the process beir

this jnay be documented as unrelated to the performance of the process without requiring t

cons
failu

9.4.3

1
1

q

bcutive successful runs,Examples of this type of failure may include, but are not limit
Fes, other loss of services; or failure of external monitoring equipment.

.2 PPQ shall cenfirm the process such that:

he minimum{emperature of product to enter the sterilization process and/or the define
equireddo,achieve it shall be established;

gt theévend of the defined preconditioning time (if used), the sterilization load temp

all internal

n approach
all meet the

he proposed

same study,
PQ. If PPQ is
run shall be

g validated,
hree further
bd to, power

d conditions

erature and

lrumidity have been established;

commencement of the sterilization cycle is appropriate;

have been established;

the chamber humidity was recorded if parametric release was to be used;

gaseous EO has been admitted to the sterilizer chamber;

established [see 9.5.4 f)]. If parametric release is to be used, also see 9.5.5 b);

© ISO

2014 - All rights reserved

the specified maximum elapsed time between the completion of preconditioning (if used) and the

at the end of the defined conditioning time, if used, the sterilization load temperature and humidity

pressure rise and the quantity of EO used or concentration of EO in the sterilizer chamber have been
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where applicable, other process parameters have been established;

the tem

i)
j)

perature of the product load during exposure has been established;

during aeration (if used), the temperature of the sterilization load has been established.

9.5 Review and approval of validation

during the sterilization cycle, the temperature and humidity (if recorded) of the chamber and,

9.5.1 Thepurpose ofthisactivityis to undertake and documenta review of the validation data to confirm

the acceptability against the approved validation procedures/protocol for the sterilization process and to
approve the|process specification.
9.5.2 Infofmation gathered or produced during product definition, process definition, 1Q, 0Q anfl PQ,
including results from incubation of biological indicators, shall be recorded and reviewed for-dcceptability.
The results ¢f this review shall be recorded.
9.5.3 Avalidationreportshall be prepared. The report shall be reviewed and approved by the designated
responsible [person(s).
9.5.4 The|validation report shall describe or reference specific qualified product, defined |load
configuratiojns and the documented specification for the EO sterilization"process and shall address:
NOTE Far practical purposes, rates can be determined as the time taken (with tolerances) to attain a spefified
pressure cha nge.
a) theminjmum temperature of productto enter the sterilization process and/or the defined condifions
requirefl to achieve the minimum required temperagure;
b) preconditioning (if used):
1) timp in chamber/area, temperatureand humidity of chamber/area;
2) temlperature and humidity of thesterilization load;
3) maximum elapsed time between removal of the load from preconditioning and commencement
of the sterilization cycle;
c) vacuumlevels and rate of evacuation (if used):
1) holding time undérvacuum (if used);
NOTE The rate/of evacuation is commonly specified as either a minimum allowed evacuation time, a
maximum allowed evacuation time or as an acceptable range of evacuation times, rather than the spcific
time for pach.run.
d) inert gasfiushing (ifused]:
1) pressure (AP or terminal pressure) and rate (AP/time) of attainment of pressure associated
with inert gas/steam;
2) depth (AP or terminal pressure) and rate (AP/time) of attainment of vacuum;
3) number of times of repetition and any variations in successive repetitions;
e) conditioning and/or humidity dwell phases (if used):
1) pressure levels and/or rate of attainment of vacuum or relative humidity levels (whichever is
being controlled and monitored);
2) number of steam pulses/vacuum (if used);
20 © ISO 2014 - All rights reserved
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f)

g)

h)

9.5.§ If parametric release is to be used, the validation report shall also specify:

c)

ISO 11135:2014(E)

3) time;

4) chamber temperature;

5) temperature and humidity of the sterilization load at the end of conditioning;

EO injection and exposure:

1) EO injection pressure rise (AP), EO injection time and terminal pressure of EO injection phase;

2) evidence that the gaseous EO has been admitted to the sterilization chamber by the pressure
rise and by one of the following;

i) Mass of EO used (see D.10.2 i);

ii) Direct measurement of the concentration of EO;
iii) Volume of EO used.

3) sterilizer chamber temperature;

4) exposure time;

%) temperature of the sterilization load;

6) an indication of the satisfactory operation of the ¢hamber gas circulation syst¢m (if used)
during exposure;

post exposure flushing (if used):
1) depth (AP or terminal pressure) and rate {AP/time) of attainment of vacuum;

2) pressure (AP or terminal pressure)-and rate (AP/time) of attainment of pressure associated
with inert gas/air/steam;

3) number of times of repetitionrand any variations in successive repetitions;
deration (if used):

1) time and temperatureywithin the chamber and/or room;

2) pressure changeés(if any) within the chamber and/or room;

3) rate of change’of air or other gas;

4) temperature of the sterilization load.

tthetzalue and tolerances for chamhber humidity l‘\n I‘]lv‘ﬂ{‘f meacuroement durinag I"I'\hr]'lf!f\ 1n .
.................................................................................... )

the value and tolerances for the EO concentration determined from direct analysis of chamber
atmosphere using analytical methods to establish the process specification for routine processing.
The sampling shall be conducted at defined intervals sufficient to verify the required conditions
throughout EO exposure.

temperature of the chamber; recorded from two separate monitoring locations.

9.5.6 Aprocess specification including the process parameters and their tolerances shall be established
for routine processing based upon the documentation generated during the validation. This process
specification shall also include the criteria for designating EO processed product as conforming product
and approved for release.
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10 Routine monitoring and control

10.1 The purpose of routine monitoring and control is to demonstrate that the validated and specified
sterilization process has been delivered to the product.

10.2 Data shall be recorded and retained for each sterilization cycle to demonstrate that the sterilization
process specification has been met. These data shall include at least the following:

NOTE

pressure change.

a)

b)

<)

d)

f)
g)

h)

For practical purposes, rates can be determined as the time taken (with tolerances) to attain a specified

the miimum temperature of product entering the sterilization process and/or the de

conditid

tempery
a specif]

time of
each std

elapsed

ns used to acclimate the load;

iture and humidity within the preconditioning area (if used), monitored and fecorded
jed position;

rommencement of preconditioning and of removal of load from preconditioning (if use
rilization load;

commeicement of the sterilization cycle;

chambe
(AP) an

conditid

indicati
injectio

temper:

If press
only to

1) the
2) the

r humidity during conditioning and/or humidity dwell ‘phases by pressure, pressurg
1 /or direct monitoring;

ning time;

bn of the satisfactory operation of the chamber gas circulation system (if used) durin
h and during exposure;

iture and pressure in the chamber throughout the sterilization cycle;

ire is used as the primary control measure, the requirement for the secondary measy
confirm admission of EO to the'chamber by at least one of the following:

mass of EO used (see D.10.2)1);

direct measurement(of the concentration of EO in the sterilizer chamber;

3) volyme of EO used;

EO-inje
inert ga

exposul

Ction time
S injection if used;

e time;

fined

from

d) of

time between removal of the sterilization load from preconditioning (if used) and the

rise

g EO

Ire is

time taken to evacuate the chamber;

time and pressure changes during post exposure flushing;

time, temperature, pressure changes (if any) during aeration.

10.3 If biological indicators are used in routine monitoring, they shall comply with 8.6 and 8.7.

If the PCD that is used for routine release is different from that used in the MPQ, it should be at least as
resistant to the process as is the PCD used in the MPQ.

22
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10.4 If chemical indicators are used in routine monitoring, they shall comply with 8.8.

Chemical indicators shall not replace biological indicators for product release or be used to support a

rationale to release a load parametrically.

10.5 If parametric release is performed, the following additional data shall be recorded and retained:

a)
b)

temperature in the chamber from a minimum of two locations throughout the steriliza

chamber humidity during conditioning as determined by direct measurement;

methods at defined intervals sufficient to verify the required conditions throughoutst
flime.

11 Product release from sterilization

111
steri

a)

The criteria for designating conformance of the sterilization process used for
ization load shall be documented. The criteria shall include:

q

q

onfirmation that the data recorded during routine processing meet the sterilizat
pecification;

b) ¢onfirmation of no growth of the test organism from any-biological indicator (if used).

NOT]H
endo

Formal release of the load from sterilization could'require results from other tests (e.g.
oxin, physical testing, etc.) before product can enter‘the distribution chain.

11.2| If a process does not fulfil all of the confexmance criteria above, the cause shall be iny
repalr or alteration to the equipment is requived, the necessary qualification shall be perfo
this process can be used again.

11.3| Product shall be considered as non-conforming and handled in accordance with th
clauges of ISO 13485 if one or mere of the conformance criteria of 11.1 are not fulfilled. In tl
positfive BI, it is not acceptable.torelease product based on acceptable results of a product tes

The non-conformity shall'be addressed per documented procedures.

11.4
distr

the ¢
funct

If saleable product is used in validation studies the requirements for release of this

bution shallbe generated before the start of the validation activities. It is importa
ffect of repeated exposures to the validation/sterilization processes on product an
ionality,and levels of residual EO and/or reaction products prior to release.

eable product is used in MPQ studies, then procedures shall be established to ensure

to market.

NOTE See Annex E for information about single lot release.

12 Maintaining process effectiveness

12.1 General

tion cycle;

ing analytical

he exposure

0 particular

ion process

EO residuals,

vestigated. If
rmed before

e applicable
e event of a
L for sterility.

product for
pt to assess
d packaging

the product
br to release

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

sterilization (see 7.3.1) shall be demonstrated.

© IS0 2014 - All rights reserved

23


https://standardsiso.com/api/?name=07b668f76f497c795fedf5a7e1054cf0

ISO 11135

:2014(E)

12.1.2 The accuracy and reliability of the instrumentation used to control and monitor the sterilization
process shall be verified periodically in accordance with 4.3.3.

12.2 Maintenance of equipment

12.2.1 Preventative maintenance shall be planned and performed in accordance with documented
procedures. All procedures shall follow manufacturers’ recommendations as well as any pertinent
national, regional or local requirements.

12.2.2 Equipment shall only be used to process product after all specified maintenance tasks have been

satisfactorily
12.2.3 Recq

12.2.4 The
at specified

12.3 Requ

12.3.1 1Q, (
of requalific
SAL through
reached, sh3

12.3.2 Reqy
at defined in
These intery

12.3.3 Ifre
the requireg
be taken. Ag
processed Id

’ completed and recorded.
rds of maintenance shall be retained (see 4.1.2).

maintenance scheme, maintenance procedures and maintenance records.shall be revi
ntervals by a designated person and the results of the review shall be documented.

plification

Q, PQ and subsequent requalification(s) shall be reviewed{@nhually to determine the e
htion that is necessary. This shall include an assessment ofithe need to reconfirm the pr

microbiological studies. The outcome of this review, \including the rationale for deci
1l be documented.

halification of a sterilization process carried outwith specified equipment shall be perfo

als shall be justified.

qualification indicates that the sterilization process might no longer be capable of achi
product SAL, the cause shall be.investigated and corrective and/or preventive action
part of the investigation, the.effect on the achievement of the specified SAL for previ
ads of product shall be considered and a risk assessment undertaken on their suitabilif

use. If the investigation shows that(the required SAL can no longer be achieved then a new MPQ

shall be per
recorded.

12.3.4 Recq

formed to re-establish'the required SAL. The investigation and subsequent actions sh{

shall be retained (see4::2).

12.4 Asseq

sment of change

bwed

Ktent
duct
sions

‘med

tervals against specified acceptance criteria:and in accordance with documented procedures.

bving
shall
busly
y for
PPQ
1l be

rds of reviews-of requalification data, reports and resulting corrective actions (if requlired)

12.4.1 Changes to manufacturing operations, product, sterilization equipment and/or the sterilization
process shall be assessed for their effect on the effectiveness of the sterilization process.

12.4.2 The appropriateness of the internal and/or external PCD in relation to the bioburden of the
product shall be reconfirmed as a result of change (see 8.6 and 10.3) as appropriate.

12.4.3 The load and load configuration shall be re-evaluated following a change for its appropriateness,
and the results of this re-evaluation shall be documented in accordance with 4.1.2.

12.4.4 The qualified sterilization process shall be reviewed whenever there has been a change to the
sterilization process, the sterilization equipment or product that could alter the efficacy of the process
(see 8.2).
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12.4.5 The magnitude of the change shall be considered in determining the extent to which process
definition, 1Q, 0Q or PQ is undertaken.

12.4.6 Theoutcome ofthe assessment,including the rationale for decisions reached, shall be documented.
12.5 Assessment of equivalence

12.5.1 Process Equivalence

Sterilization equipment that delivers the same process parameters, having undergone IQ and 0Q, shall
be qyahfied either

a) in the same manner as the original chamber, or

b) wsingareduced MPQ that demonstrates the delivery of the required level of microbiologjcal lethality
nd PPQ to demonstrate temperature and humidity uniformity of the,load and control by the
roduction chamber. The rationale for this reduced qualification shall be'recorded and documented.

The influence of different geographical locations on the product or load(properties shall be determined.

12.5{2 Product

A prpduct may be added to a validated process if deemed‘equivalent to or a lesser chgllenge than
an existing qualified product or internal PCD. A technicalreview shall be performed comparing the
candfidate product with the product or PCD that was used to validate the existing EO grocess. The
outcpme of the technical review, including the rationalefor decisions reached, shall be documented. The
requfrements of 7.2 still need to be addressed for the product.
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Annex A
(normative)

Determination of lethal rate of the sterilization process —

A.1 Gene

A.1.1 This
process witl
parameters

Use of the
consistent o
the resistan|

The resistar
times, or by
thelethalra
Knowledge

to establish

Attention sh

Guidance or

A.1.2 The
duration of
account the
for addition

A.1.3 Afte
parameters
following m

a) directe

Biological indicator/bioburden approach

ral

approach combines knowledge of the resistance of a biological indicator to a given steriliz
) knowledge of the bioburden population and resistance to establish the sterilization pr
(sterilization cycle exposure time).

method requires that product bioburden levels shall be demonstrated to be relat
ver time and the resistance of the bioburden be shown to be equal to, or less resistant
ce of the biological indicator (see D.8.6).

ce of the internal PCD is demonstrated by running the sterilization cycle at graded expd
bxposing graded Bl populations to a single sterilization exposure time, and then determ
Le (rate of inactivation through D-value calculations) when exposed to the sterilization ¢
bf the Bl lethality rate and the population and relatiye resistance of the bioburden allow
exposure time so that an SAL can be predicted.

all be given to the impact of packaging and the removal of EO from the PCD.

this approach can be found in ISO 14160

conditions used for recovery of‘biological indicators in qualification studies, incly
incubation, shall be established-and documented. The incubation period shall take
possibility of delayed outgrewth of spores that have been exposed to EO. Refer to ISO 1
hl information on biological indicator incubation times.

I time-graded exposures to EO or population-graded Bls exposed to EO, with all
remaining the samé, the lethality of the process can be determined by using one g
pthods:

humeratiorny

tion-negative method; or

ation
hcess

ively
than

sure
ning
ycle.
5 one

1ding
into
1161

bther
f the

nation of a) or b) above.

b) the frac
c) acombi
NOTE

The fraction-negative method uses growth/no growth data from the recovery test on the reference

microorganisms after exposure to fractional gas exposure times; or to graded populations of reference
microorganisms to a single fractional gas exposure time.

A.2 Procedure

For additional guidance on this developmental process refer to AAMI TIR 16 and ISO 14161, both of

which discu

26

ss process development in detail.
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B.1

B.1.1
has &
cons
steri

Guid

B.1.2

a)

b)

B.1.3

and

spor
be fo

B.1.4
the p

B.2

ISO 11135:2014(E)

Annex B
(normative)

Conservative determination of lethal rate of the sterilization

process — Overkill approach

General

This approach to process definition is based on the inactivation of referencemicroor
een widely used (see also ISO 11138-2). Sterilization processes qualified in‘this many
brvative and use a treatment that may exceed that required to achieve the $pecified requ

ity.
hnce on this approach can be found in ISO 14161.

Half-cycle approach: a total of three consecutive experiments resulting in total inactiy
Ihiological indicators (with a population of not less thanr 106 and, where appropriate, p
4 PCD) shall be performed in order to confirm the minimum exposure time. The specifi
ime for the sterilization process shall be at least double this minimum time. A frag

f short duration from which BI survivors caitbe recovered shall also be run to dem
jddequacy of the recovery technique for Bls exposed to EO gas.

q

NOTE This short cycle can also be usedto demonstrate the relative resistance of Biologi

CD and product bioburden.

[ycle calculation approach: The'routine processing parameters that deliver minima
1f the biological indicator shall be established using one of the methods described i
umber of cycles is dictatéd)by the method used.

The conditions usedforrecovery ofbiological indicators in qualification studies shall be
locumented. The-incubation period shall take into account the possibility of delayed d

jund in ISO 14161.

Theresistance of the product bioburden shall be shown to be such that, total inactiv:
roduct bioburden is less than the total inactivation time of the product BI (internal PCD

banisms and
er are often
irements for

Conservative process definition requires use of either of th€ approaches given in a) and b) below.

ration of the
aced within
ed exposure
tional cycle
bnstrate the

cal Indicator,

ly a 12 SLR
n A.1.3. The

established
utgrowth of

s that have been-exposed to EO. Further guidance on the biological indicator incubati¢n times can

1tion time of

).

Procedure

B.2.1 Createachallengetothesterilization process, PCD, comprisingaknown number of microorganisms
with known resistance to EO, by placing biological indicators in the product or inoculating product at
locations where sterilizing conditions are most difficult to achieve. If the location(s) of the microbiological
challenge is other than the most difficult-to-sterilize within the product, its relationship to the most
difficult location(s) shall be established.

B.2.2 Use of a PCD that has demonstrated an equivalent or greater microbiological resistance to the
sterilization process than the product meets this requirement. Attention must be given to the impact of
packaging and the removal of sterilant from the PCD.
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B.2.3 Placethe PCD (inaccordance with B.2.1 and B.2.2) within or on the sterilization load as appropriate.

B.2.4 Expose the sterilization load to EO under conditions designed to deliver less lethality than the
specified sterilization process.

B.2.5 For the cycle calculation approach, if the inactivation of a known number of microorganisms
has been confirmed according to A.1.3, determine the extent of treatment for the sterilization process
by extrapolation to a known predicted probability of a surviving microorganism, taking account of the
required SAL.
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(informative)

Temperature sensors, RH sensors and biological indicator
numbers

C.1 | Temperature sensors

It is fecommended to use one sensor per 2,5 m3 during 0Q to establish a thermal map of the room or
chamber that captures potential hot or cold locations. Therefore, monitoring sheuld include more than
one plane and locations near doors.

For HQ, one temperature sensor is required per cubic metre of product volume. The minimuin number of
temperature sensors is three. For PQ, humidity sensors should be plaged within the packaging (where
possible) within the load. This can be achieved by placing the sensof:within the sterile batrier system
or arhongst the unit packages.

The yesult of the calculation should be rounded to the next higher number.

Tabl¢ C.1 provides guidance for determining the number©f temperature sensors.

Table C.1 — Minimum recommended'number of temperature sensors

Number for 0Q Number for PQ
Volume (usable chamber/room volume) (product load volume)
m? Preconditioning Cond.i t_ioni_ng/ Aeration | Preconditioning Cond_i t_ioni_ng Aeration
sterilization sterilization
<1 3 3
10 4 10
15 6 15
20 8 20
25 10 25
30 12 30
35 14 35
40 16 40
50 20 50
06 46 166

EXAMPLE During 0Q of a preconditioning room with a usable chamber volume of 70 m3: 70/2,5 = 28.

EXAMPLE During PQ with a product load volume of 2 m3: 2/1 = 2. The number of sensors to use is at least
three (the minimum number of sensors to use).
C.2 Humidity sensors

The recommendation is to use one sensor per 2,5 m3 to establish a humidity map of the area or product
that captures potential variability in the humidity levels. The minimum number of sensors is two.

The result of the calculation should be rounded to the next higher number.
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For PQ, humidity sensors should be placed within the packaging (where possible) within the load. This
can be achieved by placing the sensor within the sterile barrier system or amongst the unit packages.

Table C.2 provides guidance for determining the number of humidity sensors.

Table C.2 — Minimum recommended number of humidity sensors

Number for 0Q Number for PQ
Volume (usable chamber/room volume) (product load volume)
3 . e .
m Preconditioning Cond_l t_lonl_ng/ Aeration | Preconditioning Cond.l t_lonl_ng/ Aeration
sterilization sterilization
<1 2 2
10 4 4
15 6 6
20 8 8
25 10 10
N/A N/JA
30 12 12
35 14 14
40 16 16
50 20 20
100 40 40

EXAMPLE 1 | During 0Q for a usable chamber volume of 6 m3:.6/2,5 = 2,4. The number of sensors to us¢ is at
least three.

EXAMPLE 2 | During PQ for a product volume of 60 m3: 60)/2,5 = 24. The number of sensors to use is at lealst 24.

C.3 Biolggical Indicators
The minimum recommended number of BI/PCDs to use is as follows:

a) For MP(Q) with a product load volume of up to 10 m3, use three Bls per m3 of product volume, with a
minimum of five Bls.

b) For MP(Q with a productlead volume above 10 m3, use one additional BI per additional m3 beyond
10m3.

If Bls are usgd for routine control use half the number of Bls used during MPQ up to a maximum off 30.

The result of the calculation should be rounded to the next higher number.

Table C.3 prpvides guidance for determining the number of BI/PCDs.

The actual number of BI/PCDs to be used will depend on:

a) microbiological qualification method chosen (see Annex A or Annex B);
b) product volume;
c) type of chamber (developmental vs. production).

When using the Stumbo-Murphy-Cochran procedure and the Overkill Cycle Calculation approach the
recommended number of BI/PCDs can be based on the product volume to be sterilized. When this
approach is being used a minimum quantity of 10 BI/PCD’s are indicated, see Reference [38].
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Table C.3 — Examples of minimum recommended number of BI/PCDs
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Product load volume

Routine control

MPQ
m3 (if used)
<1 5 3
10 30 15
15 35 18
20 40 20
25 45 23
30 50 25
35 55 28
40 60 30
50 70 30
100 120 30

EXAN
routi

EXAN
38 fo

© IS0 2014 - All rights reserved

IPLE1  For product load volume of 3 m3: 3 x 3 = 9. The number of BIs.te use is at least ning|
he control: 9/2 = 4,5. The number of Bls is at least five.

IPLE 2 For a product load volume of 18 m3: 10 x 3 + (18 - 10)¢x*= 38. The number of Bls to
" MPQ. For routine control: 38/2 = 19. The number of Bls is at feast 19.

for MPQ. For

use is at least
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Annex D
(informative)

Guidance on the application of the normative requirements

The guidance given in this annex is not intended as a checklist for assessing compliance with this
International Standard. This guidance is intended to assist in obtaining a uniform understanding and

implementa
achieving cd
be used, pra

NOTE F(
parts of this

D.1 Scop

No guidancg

D.2 Norn

The require
this Interna
Standard; tl
referenced s

D.3 Ternj

No guidancg

D.4 Qual

NOTE Aj
other quality]

D.4.1 Dodumentation

Refer to ISO

Lion of this International Standard by providing explanations and acceptable method
mpliance with specified requirements. Methods other than those given in the guidaric
viding their performance achieves compliance with this International Standard

r ease of reference, the numbering of clauses in this annex corresponds to that iththe norn
nternational Standard.

e

offered.

native references

ments given in documents that are included as.n¢rmative references are requiremer
fional Standard only to the extent that they are cited in normative parts of this Internat
e citation can be to a whole standard orimited to specific clauses in which cas
tandard should be dated.

1s and definitions

offered.
ity management systems

management starrdards applicable to their organization.

13485;

D.4.2 Management responsibility

s for
b can

ative

ts of
ional
b the

the scope of ISO 13485 focuses on manufacturers of medical devices, health care facilities can use

D.4.2.1 Requirements for responsibility and authority are specified in ISO 13485:2003, 5.5, and
requirements for human resources are specified in ISO 13485:2003, 6.2.

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

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

D.4.2.2 The development, validation and routine control of a sterilization process can involve a number
of separate parties, each of whom is responsible for certain elements. It is important that the respective

32 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=07b668f76f497c795fedf5a7e1054cf0

ISO 11135:2014(E)

procedures clearly outline the responsibilities for meeting the requirements of this International Standard.

This

is especially important where contractors are engaged to carry out specific functions.

Even where elements of the sterilization process are contracted out it is important to note that the
medical device manufacturer is ultimately responsible for validation, release and distribution of
sterilized product to the market. When a health care facility contracts out the sterilization of reusable
medical devices, it is the health care facility’s responsibility for validation and release of the sterilized

prod

uct

Further guidance is available in ISO 14937:2009, E.4.2.2.

D.4.3—Productreatization
NOTH In ISO 13485, the requirements for product realization relate to the product(lifecy
determination of customer requirements, design and development, purchasing, control lef prg

caliby

D.4.3
note
and s

Purc
with
It sh
aeraf

D.4.3

For t
for id
pack

a)
b)
‘)
d)

1

1

1

1

ation of monitoring and measuring devices.

.1 Requirements for purchasing are specified in ISO 13485:2003, 7.4\In particular,
1 that the requirements in ISO 13485:2003, 7.4 for verification of purchased product app
ervices, that impact on process quality, received from outside the organization.

hasing procedures in a health care facility should ensure thatreusable medical devices
validated instructions for cleaning, disinfection, sterilizationiand aeration as specified i
puld also be verified that the prescribed procedure for<cleaning, disinfection, steri
ion can be performed in the health care facility.

hose facilities that do not fully comply withddSO 13485, such as health care facilities
entification of product and maintenance.of traceability should include the labelling of

he sterilizer ID or code;
he date of sterilization;
he cycle number (i.e. thé ¢ycle run of the day or sterilizer);

he identity of the person who assembled the pack.

Incl

ding the identity,of the person who assembled the pack allows for further investigation

should arise. Lot‘identification information enables personnel to retrieve items sterilized
cycld in the eyent of a recall and to trace problems to their source.

D.4.3.3 £ Requirements for calibration of monitoring and measuring instrumentation are
ISO 13485:2003, 7.6.

.2 Requirements for identification and traceability are specified in SO 13485:2003, 7

hge prior to sterilization with a lot control identifier that includes the following informj

cle from the
duction, and

it should be
y to product

hre supplied
n1SO 17664.
lization and

.5.3.
procedures

each item or
ation:

ifa problem
in a specific

specified in

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

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

8.3a

D.5

nd 8.5.2, respectively.

Sterilizing agent characterization

D.5.1 General

No guidance offered.
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D.5.2 Sterilizing agent

EO is a highly penetrative gas that will permeate most packaging materials and polymeric materials.
Widely recognized compositions include pure EO and mixtures with carbon dioxide or nitrogen.

NOTE For EO gas mixtures with carbon dioxide, nitrogen or other inert gas blends, EO molecular diffusion
rates into polymer materials can be affected by the volume percent of EO gas molecules within the sterilant,
which can result in longer EO exposure times to achieve the desired microbiological spore log reduction.

The storage conditions and shelf life for EO should be in accordance with the EO manufacturer’s
recommendations and all applicable regulations. This is particularly important with premixed gas

mixtures w

ere stratification might be an issue

D.5.3 Mic

No guidancg

D.5.4 Material effects

No guidancg

D.5.5 Safg

D.5.5.1 E(Q
handling an

Where pracf
complete st
from the ch
achieved by
injection of
into the cha
the EO gas f
pulling seve

The use of n
They can 4
flammable |
The flamm4
diluent gas

be exercised
issues.

Ethylene ox
sterilization

robicidal effectiveness

offered.

offered.

'ty and the environment

is toxic, flammable and explosive; therefore, extreme caution should be used duriy
l use. The explosive limits are 2,6 % to 100 % EO by yoluime in air.

ical, EO sterilization cycles should operate within the non-flammable region throughoy
erilization cycle in order to minimize the risk of explosion. This requires the removal
imber prior to the introduction of EO gas. ¥6r 100 % EO sterilization processes this c4
pulling a deep vacuum or by pulling several partial vacuums, each of which is followsg
hn inert gas, e.g. nitrogen. This purges‘air from the chamber allowing EO gas to be inj¢
mber in a safe manner. On completion;of the EO gas exposure phase it is necessary to re}
rom the chamber until the level ¢f gas is below the 2,6 % explosive limit. This is achiev
ral post-vacuums, each of which is followed by a nitrogen backfill.

bn-flammable sterilant blénds can improve safety by decreasing the risk of fire or expld
Iso facilitate compliancé with country-specific equipment safety requirements.

lends are produced by mixing the highly flammable EO gas with one or more inert g
bility of such a miXture can be assessed by measuring the relative proportions of E(
(e.g. COy, etc.)Arlert gas (e.g. nitrogen) and water vapour in the sterilizer. Caution s}
to ensure noseparation of the EO blend can occur as this might lead to safety and qu

ide sterilizers should be installed in a dedicated room. The operating controls fo
equipment should be mounted outside the room so that operators can set or ch

program pa

g its

tthe
bf air
in be
bd by
pcted
nove
bd by

sion.
Non-
ases.
, air,
jould
ality

r the
ange

Fameters without entering the sterilization room. All airflow from the sterilizer access

area

should be exhausted to the outdoors and comply with applicable requirements.

Prior to removing product from a sterilizer, precautions should be taken to ensure that operators are not
exposed to levels of EO above relevant worker exposure limits [permissible exposure limit (PEL)/short
term exposure limit STEL)] due to the outgassing of the load. When products sterilized with inert EO-
gas mixtures are not immediately removed from the sterilizer at the end of a cycle the EO concentrations
in the sterilizer might result in personnel safety issues.

D.5.5.2 Principles of an environmental management system can be applied to the EO sterilization
process. ISO 14001 provides a specification for an environmental management system. ISO 14040
provides guidance on designing a life cycle assessment study.
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D.5.5.3 Effluent gas should be discharged through an EO gas treatment system, such as a catalytic
oxidizer, wet acid scrubber or thermal oxidizer in compliance with local permit requirements or emission
control legislation.

When choosing a diluent, the ozone depleting potential of the diluent as well as the disposal of any by-

products should be taken into consideration.

D.6

Process and equipment characterization

In health care facilities, process and equipment characterlzatlon are generally the responsibility of

the s
to er
is su
care
steri

D.6.

Nog

D.6.
D.6.7

D.6.2
At lo
for s
atmd
the n
ensu
One
temp

Pro
mois
cells

heaj\h care facilities, excessive moisture content can also be caused by inadequate drying af

sure that the equlpment it purchases conforms to natlonal, regional and local reg
itable for use to sterilize products that require EO sterilization. The managenient g
facility should ensure that the facility has the infrastructure necessary to correctly
izing equipment and to achieve effective sterilization of medical devices.

I General
hidance offered.

D

s

Process characterization

.1 No guidance offered.

w levels of humidity, below 30 %, microbial\resistance may increase with decreas
bme products. For this reason it is common practice to control and monitor the hun
sphere to which the product is exposed in‘order to attempt to equilibrate the moistur
nicroorganisms with the local conditions.-.Consideration should be given to the package
e that excessive relative humidity will not impact the product functionality and packd
bf the ways to assist in addressing-the humidity in the product is to precondition product
erature and humidity. Such precenditioning can reduce the duration of the sterilizati

ct heating and humidification are used to establish reproducible product temp
ture content prior to EQ exposure. Studies establishing minimum residence time in pre

bet

steri
the |

a(Lk
Although it is egmmon practice to perform preconditioning in a separate chamber, r
ization. €ycles can be designed to attain the required temperature and humidity ranges within

en to preventexcessive water condensation on the sterilization load.

envifonmental dewpoint temperature during the preconditioning and conditioning pH

cond‘F

bad duting a conditioning phase in the sterilization chamber. To minimize the risk
nsation, it is recommended that the load temperature should be maintained above

ols in place
ilations and
f the health

operate the

.2 The resistance of microorganisms to deactivation by EO is affected by their moistjure content.

bd humidity
hidity of the
e content of
d product to
ge integrity.
ata defined
n cycle. For
er cleaning.

brature and
fonditioning

rooms ensure thatthe required conditions are attained in the sterilization load. Precautions should

om or cell,

of excessive
the process
ases of the

sterilization process.

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

Where applicable, a maximum time between removal of the load from preconditioning and the start of
the sterilization cycle needs to be established. A transfer time of 60 min or less is common practice.

a) When product enters the sterilization chamber without preconditioning, consideration should be
given to the possibility of excessive condensation in product and packaging.

b) Residues of EO and its reaction products can be hazardous. It is essential for the manufacturer
of the product to be sterilized to be aware of the possible occurrence of residues in the product.
Temperature, dwell time, forced heated air circulation, load characteristics, product and packaging
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materials all affect the efficiency of aeration, and the set points and tolerances should be taken
into account when evaluating residual levels as outlined in ISO 10993-7. Aeration can be performed
within the sterilizer, in a separate area(s), or in a combination of both. For health care facilities it is
usual to perform aeration in a chamber rather than in a room due to the hazards of exposure to EO.
In health care facilities, reprocessed items sterilized with EO need to be thoroughly aerated prior to
handling or use, according to the medical device and the rigid sterilizer container manufacturer’s
recommendations. Inadequately aerated items and packaging will release EO, which can injure
patients and health care facility personnel.

D.6.2.3 Transfer time refers to each transfer step during preconditioning and final transfer of product
into the ster,

D.6.2.4 THh
performanc

a)

b)

d)

£)

g)

h)

36

air rem

1) depth (AP or terminal pressure) and rate (AP/time) of attainment of vacaum;

chambé
at press
1) stall
2) pre
inert ga
1) pre

of t

conditigning (if used);

1y

2)

EO injegtion:

1y

2)

maintenanee of specified conditions for the exposure time:

dur

and rate (AP/time) of attainment of.pressure on injection of steam;

nurhber of steam pulse/vacutm stages, if applicable;

pre

of HO and correlation of methods used to monitor EO concentration;

pre
of 4

ilizer to the start of cycle

e following is a list of phases that can be included in a sterilization cycle along\wit
e factors that might be considered for each phase:

val:

ure for superatmospheric cycles), if applicable:
pilization period and/or hold time;

ssure change;

s addition (if used);

ksure (AP or terminal pressure) and rate (AP/time) of attainment of pressure on admi
he inert gas.

ing the conditioning phase, pressure rise (AP or terminal pressure) or % relative hum

ksure, pressurerise (AP) and rate (AP/time) of attainment of specified pressure on admi

Ssure, préssure rise (AP) and rate (AP/time) of attainment of specified pressure on admi
Iny inert-gasses (if used);

h the

r leak test (performed either under vacuum for subatmospheric ¢ycles or under vacuunp and

5sion

idity

5sion

5sion

1) pressure differential used to apply sterilant or inert gas make-ups (if used);

2) chamber temperature;

EO removal:

1) depth (AP or terminal pressure) and rate (AP/time) of attainment of vacuum to remove EO;

flushing (if used):

1) pressure rise and rate of attainment of pressure;

2) depth (AP or terminal pressure) and rate (AP/time) of attainment of vacuum to remove EO;
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D.6.2.5 _Recirculation vp]nr‘ify should he cppriﬁpd when assessing prndnr‘f residual levels
D.6.3 Equipment characterization

D.6.3.1 The following factors should be considered when characterizing the equipment:

a)

ISO 11135:2014(E)

3) number of times of repetition and any variations in successive repetitions;
air/inert gas admission:

1) pressure (AP or terminal pressure) and rate (AP/time) of attainment of pressure on admission
of the inert gas or air;

2) number of times of repetition and any variations in successive repetitions;

3) equilibration to atmospheric pressure using air admission.

Preconditioning area characterization.

Precpnditioning can be performed in a separate preconditioning.'apea (chamber, cell or room).
Humfidification by steam is necessary because humidifiers that operate by dispersion pf unheated

wat
contamination.

as an aerosol (e.g. spinning disc humidifiers and nebulizers) can be a potential source|of microbial

The preconditioning area (if used) should have the followingperformance and monitoring fapabilities:

b)

dequate air circulation to ensure the uniformity oftemperature and humidity in the ysable space,
nd to ensure that uniformity is maintained in a'léaded room or chamber;

irflow detection equipment, alarm systems’ or indicators monitoring the circulatiopn system to
nsure conformance to predetermined tolerances;

eans of recording time of load entry;into and removal from the preconditioning area;
eans of monitoring cell/room-temperature and humidity;
eans of controlling cell/ropm temperature and humidity.

$terilizer characterization.

The §terilization chamber should have the following performance and monitoring capabilitjies:

means of mofittoring time, chamber pressure, temperature and humidity (if humidity additions are
¢ontrolled-by sensor readings);

ontrolled by sensor readings (when sensors are fixed on the equipment, ensure that 4 correlation
is made during 1Q or OQ to the pressure rise);

1neans of controlling time, chamber pressure, temperature and humidity, if humidity additions are

if humidity is not controlled by sensor readings, means to monitor and control steam additions;

if parametric release is used, analytical instrumentation for the direct analysis of humidity during
conditioning and EO concentration during EO exposure time (also see 9.5.5 and D.9.5.5);

a system controlling the admission of gaseous EO to the chamber;

means to demonstrate that gaseous EO is injected into the chamber. This can be done by measuring
the temperature of the EO gas flowing from the vaporizer to the sterilizer chamber. This system can
control EO concentration during EO exposure time.

means to detect and alert deviations to cycle parameters so that remedial action can be taken in a
timely fashion.
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<)

Aeration area characterization.

An aeration area (chamber, cell or room) can be used to remove EO residuals from product/packaging.
Temperature uniformity, fresh air make-up and air re-circulation throughout the area are important to
ensure consistent and reproducible results. The aeration area should have the following performance
and monitoring capabilities:

airflow detection equipment, alarm systems or indicators monitoring the air handling system to
ensure thatit operates within predetermined tolerances and maintains adequate airflow in a loaded
room or chamber;

equipm ant to re-circulate air;

means ¢f monitoring room temperature;

means ¢f controlling room temperature.

D.6.3.2 THe equipment specification should be reviewed to ensure that regulatory and safety
requirements are met, technical specifications are appropriate, and services and infrastructure necegsary

to operate the equipment are available.

The following items should be considered when preparing the equipment specification:

a)

b)

f)

g)

h)

If the EQ supply to the sterilizer is from a bulk storage tank that ispetiodically replenished, thepn the
tank shpuld be equipped with a means of removing samples for analysis, a means of emptyinE the
tank of EO and a provision for cleaning in the event of contamination or excessive accumulatipn of
polymers.

The system for admission of EO to the sterilizer should be equipped with a vaporizer to pr¢vent
liquid EP from being admitted to the sterilizer chamber.

The temperature of the EO gas flowing from«the vaporizer to the sterilizer chamber should be
measurgd to demonstrate that gaseous EQ has been produced.

Steam i$ utilized to humidify the load and1s not intended to be a sterilant. The consistency of steam
supply ¢an be determined by the periedic analysis of the boiler feed water or condensate.

A mininqum of two probes to measute chamber temperature should be used. Large volume chanbers
can be f{tted with more than tWo probes so as to ensure that the monitoring/control system captures
data that reflects the tempenature throughout the chamber during use.

NOTE The purposef)two separate probes is to prevent the failure of one sensor from causing an out-of-
specificdtion process ffom being erroneously accepted. Comparing two separate temperature sensorf will
detect that one of thesensors has failed. A dual element temperature probe can be used to meet this nded.

It is important'to maintain uniform conditions within the sterilizer chamber during procegsing.
This can pe achieved by forced gas circulation. If used, a gas circulation system should be equi
with a moditoring device to indicate when circulation is ineffective as devices that sole
“power on” to the fan or pump are not sufficient.

Areas used for storage of cylinders, tanks or cartridges of EO or EO gas mixtures should be secured
and ventilated.

Where ambient conditions are subjectto temperature variation greater than the range recommended
by the supplier, storage areas for the containers of EO should include provision for temperature
control.

It might not be possible to calibrate controlling and monitoring instruments under actual processing
conditions, e.g. humidity sensors. Calibration results for these instruments should be correlated against
qualification studies. Processing conditions can have a detrimental effect on some types of sensors, e.g.
humidity sensors. Sensors might require replacement after repeated exposure to processing conditions
due to irreversible deterioration of materials currently used as sensing elements. It might be necessary

38
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to implement a program of more frequent maintenance for these sensors than that recommended by the
sensor manufacturer/supplier.

D.6.3.3 No guidance offered.

D.6.3.4 No guidance offered.

D.6.3.5 If there is an undetected failure of a control or monitoring function, a sterilization load could
be released without having met its required processing parameters. To prevent this from happening, it is
general practice to have redundant sensors for many critical process parameters. The common options
for ufilizing these redundant sensors include:

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

b) Uise two sensors, or their average value, for both monitoring and controlythis syst¢gm needs to
enerate an automatic fault condition if the difference between the two sensors exceeds a defined
alue;

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

D.7 | Product definition

D.7.1 General

D.7.1.1 Product definition involves documentation\of essential information about the medical device to
be stprilized (i.e. the new or modified product).

Product definition for a medical device inclides the medical device itself, the sterile bafrier system
contgining the device, and any accessories;instructions, or other items included in the packaging system.
It al§o includes a description of thesintended functionality of the medical device, and the available
mantyifacturing and sterilization processes. The product definition process should also consider whether
this {s a new design, or whetheritis part of an existing product family.

The following should be considered as part of product definition:

a) physical attributes ofithe medical device (composition and configuration);
b) intended use of.the medical device;

) hether the{medical device is intended for single use or for multiple use;

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

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

f) required sterility assurance level (SAL);
g) packaging;

h) loading configuration; requirements for a specific load or mixed loading configurations, or range of
acceptable loading configurations;

i) compatibility with EO or gas mixture and processing conditions (preconditioning, sterilization and
aeration processes).
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D.7.1.2 Atechnical review should be performed to compare the new or modified product to the validated
product and/or PCD that was used to validate the existing EO process. The construction and configuration
of the new or modified product should be carefully examined for any features that could present obstacles
to the penetration of EO, heat or humidity. For medical device manufacturers, this comparison should
also involve an examination of factors that could affect the initial bioburden on the product, including the
location of the manufacturing facilities, the types of raw material used, the sources of these materials and
production methods. For modified reusable products, this comparison should include the evaluation of

the cleaning

efficacy for the product.

If a new or modified product is demonstrated to be equivalent to an existing medical device or PCD for
which sterilization characteristics are already known, the new or modified product might be considered

to be part o

NOTE Al
presents a gr|

If the produy|
could prese
then EO, hed

As part of th
following qU
to determin

include changes or differenees that could reduce the transfer of heat, humidity or EO;

tain materials or structures that could be adversely affected by the proposed processi

a product ramily or a processing category.

AMI TIR 28[26] is a useful guide for minimizing the risk of introducing a new or modified produd
pater challenge to the sterilization cycle than the product/PCD previously validated,

ct configuration, density or load configuration of the candidate product, and its pack
ht a greater challenge to the sterilization process than the previously.validated pro

e technical review the following questions should be considered: Ifthe answer to any ¢
estions is “yes”, then further evaluation of the new or modified‘product might be nece;j
e if it is more difficult to sterilize than the previously validated product:

pect to the previously validated product, does the new:or modified product:
e more restricted passageways or inner chambers;

e fewer openings;

e more internal surfaces;

e more mated surface areas and/or o¢cluded spaces;

e more closures;

e longer or narrower lumeiss;

e a bioburden or bioburden resistance significantly higher than that of the reference prg
b to manufacturing conditions, handling, cleaning process or materials used); or

ilizatiormethod;

pect tothe previously validated product, does the packaging of the new or modified pro

t and humidity penetration studies and/or cycle lethality studies should be conducted,

t that

ging
duct,

fthe
sary

duct

hg or

duct:

Hdebianc o
OCTIOTIS UT

restrict or interfere with EO or humidity penetration or removal);

oating);

of tape or secondary label, change in size of label);

a) withref
1) hay|
2) hay]
3) hay|
4) hay
5) hav
6) hav
7)
8) hav
(du
9) con|
steq
b) withrej
1) hav!
2)
3)
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4)
5)
40

increase the bioburden level of the product; or

have any additional impermeable protective barriers (e.g. container, case, template, that would

have a change in the porosity of the packaging material, (e.g. basis weight, treatment - adhesive

have a decrease in the surface area of the venting material or underlying opening (e.g. application
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6) change the number of barrier layers?

product:

1)
2)
3)
4)

differ significantly from the validated load configuration of the reference load;
differ significantly in the amount of absorptive materials;
differ significantly in density from that of the reference load; or

differ significantly in total load volume.

with respect to the previously validated product, does the load configuration of the new or modified

D.7.1
to th

D.7.1
the p
with

Whe
mant
EOp
impd
alloy
evac

The

distn
with
shou
Cons

.3 The presence of either occluded spaces or mated surfaces should be evaluated.in'c
e designation of an internal PCD that would be used for subsequent lethality qualificatig

4 The major function of a sterile barrier system for a sterilized medical déevice is to
roduct remains sterile until used. During sterilization, the sterile barriefssystem needs
stand the process conditions and to remain intact to ensure product quality.

h selecting a packaging system for a product that is to be stérilized, certain major
hfacturing factors are considered with respect to the particular sterilization proces
enetration, the permeability of the packaging to the particular sterilizing environment]
rtance. As air removal is part of the EO sterilization process the packaging system
I gases to vent into, and out of, the package during pressure changes during gas in
1ations without damage to, or rupture of, the seal integrity.

nbility of the sterile barrier system (SBS) to, protect product during customary h
ibution should be demonstrated. Evidencecshould also be generated to show that

bnsideration
n studies.

ensure that
to be able to

design and
5. To ensure
is of utmost
should also
ections and

hndling and
the SBS can

stand the sterilization process without losihg its ability to protect the product. Validati
Id consider the potential stresses that thHe)SBS can be exposed to during an EO steriliza
iderations would include vacuum/préssure levels, rate of pressure change, temperat

cominon practice to demonstrate suitability of the SBS by exposure of the SBS to multiple

proc

Pack
D.7.1

and
prod

D.7.1
PCD{

bsses (see D.7.2.1 and D.7.2.2).

nging considerations are addressed in more detail in the ISO 11607-1 and 1SO 11607-2.

.5 Theload configuration in the chamber can influence product heat, humidity, EO gas
O gas removal. ThéJload configuration is to be defined during the validation to ensy
lict temperature, humidity and EO penetration and EO removal during processing.

.6 A PCDjisadevice into which a microbiological challenge is located. Examples of way
for useiirthe demonstration of equivalence include, but are not limited to

a)

n of the SBS

1i01’1 process.

re, etc. It is
sterilization

penetration
re adequate

s to develop

;])lacement ofamicrobiological challenge between rings, lands, grommets or ribs of a syrilnge stopper,

b)

using a solvent bond agent or a connector to restore product integrity,

‘)
d)

placement of a microbiological challenge in an interface,

placement of a microbiological challenge in a series of envelopes or packages.

Several PCD designs have been recommended for use in health care facilities.

NOTE

exter

nal PCDs.

placement of a microbiological challenge in the middle of the lumen of a tube thatis then reconnected

For further information see ANSI/AAMI ST41. See also D.8.6 for further information about internal and

To prepare the internal PCD, the microbiological challenge can be inoculated on the product either
directly or indirectly. Direct inoculation is accomplished by applying a liquid suspension of the spores
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on the product. Indirect inoculation is accomplished by placing an inoculated carrier either within the
package or in/on the product.

Listed below are various ways to prepare a PCD.

Inoculated product: the product to be sterilized is used to prepare the PCD and is inoculated directly

Inoculated simulated product: asimulated productisusedtopreparethe PCD andisinoculated directly

or indirectly. The simulated product consists of portions of a medical device or a combination of
components that are known to represent the greatest challenge to the process while still adequately

fing all prndnr‘rc within a prndnr‘f f:\mi]y

ed object: such as a package, piece or tubing, that is used to prepare the PCD and is'dir
bctly inoculated.

a)

or indirectly.
b)

represe
c) Inoculag

or indir
NOTE Dj

because of sy
Therefore, it

of the inocula
validated if r
for additiona

A means of
comparison
modified pr
are exposed
the internal
PCD should

D.7.2 Pro

D.7.21 It
EO and/or §
required to
physical din
still accepta
and embritt
sterilization

Demonstrat]
product car
medical dev
or other eny
inspection t

Elements th

rect inoculation with a spore suspension can result in variable resistance of the inoculated pr
rface phenomena, other environmental factors and the occlusion of the spores on or in the pra
s important to provide scientific rationale or validation for this practice to ensure that the resis
ted product is reasonably correlated to the routine product. The inoculum recovery should al
bsistance is measured by plate count techniques. See Gillis and Schmidt, B0/ West[40] and ISO 11
information.

demonstrating equivalence to a previously qualified product or internal PCD is
of the relative rates of inactivation of Bls placed in a challenge location within the n¢g
pduct and previously qualified product/master product(see D.8.6 and D.12.5.2) when
to a fractional cycle. Equivalence studies should compare the new or modified produ
PCD used to validate the process. If a PCD is usedfor this comparison, this resistance ¢
be assessed as part of the annual review.

duct safety, quality and performance

s important to select materials that tolerate the chemical and physical changes causg
iny diluents over the anticipated range of sterilization conditions. Properties of matg
satisfy requirements for product performance, such as physical strength, permeal
nensions and resilience, arésevaluated after sterilization to ensure that the material
ble for use. Degradationreffects due to exposure to the sterilization process, such as cr
lement may need to/be.considered. Where applicable, the effects of exposure to mu
processes may als@_need to be evaluated.

jion that the spécified sterilization process does not affect the correct functioning g

ice and its\packaging system. These tests can be performed after exposure in the ster
ironmentdl chambers that simulate the specified process and can range from a simple vj
p a battery of specialized tests.

ectly

bduct
duct.
tance
so be
737-1

the
W or
both
ctto
fthe

ed by
rials
hility,
5 are
hzing
tiple

f the

be accomplished by performing functionality tests, or other appropriate tests, om the

lizer
isual

bt could affoct cafoty qua]ifn

a)
b)

cycle pr

TOTcrrrce—rrrcroattes

ot re et o ery; ey

essure changes that could affect the sterile barrier system seal integrity;

the intended sterilization mixture;

c) inclusio
d)
e)
f)

g)

packagi
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n of new materials known to retain higher EO residuals;

ng characteristics;

the presence of lubricants, especially within mated surface areas;

whether the medical device requires disassembly or cleaning;

effects of EO exposure time, temperature, humidity and, if applicable, any diluent gases present in

safety hazards (e.g. leachable materials, or batteries or sealed liquids that could leak or explode);
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h) number of sterilization cycles.

Medical devices containing a potential source of ignition (e.g. a battery) should be sterilized using a
process that does not contain an explosive mixture of EO in any part of the cycle.

D.7.2.2 Theevaluation of multiple sterilization cycles can be performed utilizing the routine sterilization
process for the product/package. The effect of repeated sterilization and any necessary pre-treatment on
the materials, functionality and safety of the product should be evaluated.

For reusable medical devices, the manufacturer’s reprocessing instructions should be available and
followed. The instructions should include the recommended sterilization parameters for the process

and {
If apj
devig
cyclg
notif]

NOTH
D.7.2

D.7.2
Cons|
takin

Local
hand
requ

For K
the 1
eithe

established based upon the most difficult-to-aerate product or product family.

D.7.

D.7.3
phar

D.7.3
proc
thec
instr

he [Tmits to the number of sterilization cycles to which the reusable medical device can
plicable, testing and inspection should be performed to assess functionality of the reus
e following sterilization. The medical device manufacturer’s claims for the number

s should be considered to be the maximum. A system should be in placé-which
ication if the maximum number of cycles is reached.

See ISO 17664 for more information.
.3 No guidance offered.

.4 Proper aeration is essential to control EO residues iftymedical devices after EO

g into account the most challenging positions for EO rentoval.

| environment, health and safety regulations can r&quire extra worker exposure preca
ling EO sterilized products even when product residuals are in compliance with |
rements.

ealth care facilities: If information regarding aeration for a medical device is not av

r data or knowledge of the product-and its material and design. The aeration proces

B Microbiological quatlity

.1 Guidance on testing for bacterial endotoxins is provided in ANSI/AAMI/ST72 and th
macopeia.

.2 In healthcare facilities, attention to microbiological quality will comprise h
bdures fore6llection and handling of used, reusable medical devices, and for validation a

Lictions:.

be exposed.
hble medical
pf allowable
iill provide

processing.

ideration should be given to the placement of the residual product test samples within the load,

ltions when
SO 10993-7

hilable from

hanufacturer, the health care facility should establish the aeration process for that dlevice using

ts should be

e applicable

aving strict
nd control of

eaningprocesses for reusable medical devices in accordance with the medical device manufacturer’s

Whe

..... sz A\ rdan bhao narf

ed at least

oth iohbhiyrdan oo o Lfonn A 3o
T OoITT I oToOUUTUCIT ap proatitT (SCCZTIIIC ATy oCTpPTtTToTt

n

quarterly. The period of monitoring can be extended following a documented risk analysis that considers
the following: the use of product families, historical data, statistical analysis, manufacturing frequency
and product design.

D.7.4 Documentation

Upon completion of the product definition the following should be documented:

a) adescription of the product configuration and how it is to be presented to the EO process (packaging
and load configuration). The specification should also include or reference the required SAL, as well
as evidence for, or assessment of, the compatibility of the product with the process.
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b) the result of the comparison between the new or modified product and the existing validated
product(s). This result should clearly demonstrate that product complexity, materials, packaging
and load configuration were assessed.

c) evidence or assessment of the bioburden of the product and its resistance relative to the internal

PCD.

d) the documented conclusion that the new or modified product is suitable for adoption into the
product family/processing category specifically referenced in the current validation study to
achieve the specified SAL. This conclusion should include or reference any results from additional

tests performed to supplement the ex1stmg Vahdatlon study and any further testmg performed

for confirma

residua

This docum

D.8 Proc
D.8.1 Nodg

D.8.2 The

Theselectio
of all factor{

testmg, functlonal testmg)

bntation should be approved, retained and retrievable.
pss definition

uidance offered.

result of the process definition activities is a detailed specification of a sterilization pro

h ofthe sterilization processthatistobeused formedicaldévices should include consider
that can influence the efficacy of the process. The following should be taken into acco

— availability of sterilization equipment;

— rangeo

— sterilizd

F conditions that can be achieved within the available sterilizing equipment;

tion processes already in use for other, products;

— sterilanft to be used (i.e. 100 % EO or EO mixed with diluent gas);

— product
— require
— results

During prod
help establij

The steriliz4

a) tempery

limitations (i.e. temperature, humidity, pressure sensitivity);
ments for levels of residudl EO and/or its reaction products;
bf process developmeént experiments.

ess definition, a@manufacturer will use microbiological testing and other analytical to
h an appropriate sterilization process for a medical device.

ition process parameters to be established include:

iturerange within the preconditioning room (if used);

b) relative

humidity range within the preconditioning room (if used);

e (i.e.

fesSS.

htion
unt:

bls to

c) time set point and range within the preconditioning room (if used);

d) vacuum

and pressure levels and rates of pressure changes in the sterilization chamber;

e) ifused, confirmation that chamber recirculation operational during sterilant dwell;

f) temperature set point and range within the sterilization chamber;

g) humidity control set point (pressure or %RH) and range within the sterilization chamber

environ

ment;

h) EOanddiluentgas (ifused) injection pressure set point and range; this will include EO concentration

if EO an

44

alysis equipment is installed on the sterilization chamber;
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EO dwell time;

chamber (if used);

k)
D)

m)

NOTE

temperature set point and range within the aeration room (if used);
time set point and range within the aeration room (if used);

air flow/changes parameters.

setting for the in-chamber gas flushing prior to the removal of the load from the sterilization

For reference in the development of sterilization processes, Annexes A and B provide requirements for

dete
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on th
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Mmination of cycle lethality.

ealth care facilities, for reusable medical devices that will be reprocessed in the health

hanufacturer is expected to provide validated reprocessing instructions, whichlare b
e process definition. It is then the health care facility’s responsibility to review-this dog
onfirm that it can follow the medical device manufacturer’s instructions.using its ow}
terilization processes. The health care facility’s purchasing proceduresshould requiry
e purchase of an EO-sterilizable medical device, the reprocessinglinstructions be ¢
rm that the device is compatible with the equipment and sterilization processes that

hcility. See also ISO 17664.

e medical device or packaging manufacturer supplies instrictions for reprocessing
fic enough or not appropriate (e.g. an EO process with*100 % EO, where the health
a mixture of EO and diluent gas), the facility should either perform a validation o
bpriateness of its own reprocessing method, based' on materials effect data and 1
uctions for other devices. If the health care facilityis not able to validate the product ¢

A developmental chamber is usuallya smaller vessel than the production chamber
to perform studies to support validation.

b a developmental chamber doesnot preclude confirmation of PQ in a production chani

L When establishing proeess definition it is important to consider the impact of
pssing parameters and theirtolerances on the safety and functionality of the productand it
ere are a number of-pafameters within a sterilization process, (temperature, humid
pes /rates, EO concéntration and time), it is impractical to assess the tolerances of all c
variables. A detérmination should be made as to which variables will have the greatest]
e should be assessed.

supporting(this activity can be collected from alternative studies, e.g. product and it

cancbe generated from a specific challenge cycle(s) in a developmental or production c

ppriateness of its own reprocessing method, itshould not reprocess the medical devicg.

care facility,
ased in part
umentation
1 equipment
e that, prior
valuated to
are in use at

that are not
care facility
I assess the
eprocessing
r assess the

h

and can be

ber.

the selected
s packaging.
ty, pressure
bmbinations
impact, and

s packaging

ationsgproduct and its package stability test studies, accelerated aging studies, etc. Aflternatively,

hamber.

D.8.

No guidance offered.

D.8.6 A number of approaches can be used to show that the Bl is appropriate.

Approach 1

This approach is to use the rationale that most of the microorganisms found on product present a lesser

chall

enge than the reference microorganism. This approach is applicable when

a) the Blused in the PCD is in accordance with ISO 11138-2:2006, Clause 5 and 9.5, and

b) the product bioburden is consistent, and is not likely to contain highly resistant microorganisms.
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In this approach, bioburden trending data should be available and should demonstrate the consistency
of the bioburden regarding the number and types of microorganisms. Manufacturing processes and
product contact materials should also be evaluated to ensure that potential sources of bioburden are
identified and controlled.

Approach 2

This approach is to use a test of sterility of the product and PCD, following a fractional cycle. The results
of this study should provide a means of lethality comparison using survival data from the tests of
sterility for the product and PCD.

Typically in,
cycle(s) with the intent of achieving negative growth for all product tests of sterility and suryvivars of
the test microorganism from the BI/PCD.
Approach

This approagch can be applied in cases where
a) the product bioburden challenge is equal to or greater than the challenge of‘the BI within the PCD,
b) the prodluct bioburden contains highly resistant microorganisms, or

c¢) where q Bl with a lower population than required by ISO 11138-2:2006, 9.3 is used in the PCD|

In this third approach, the lethality challenge of the bioburden and the PCD can be based on direct
enumeratioh methods and/or fraction-negative methods. (See 1SO-14161).

If there is afj indication that the challenge posed by the product bioburden exceeds that of the PCI) (i.e.
if the PCD is|not appropriate), one of the following can be:lised:

a) selecta|BI to use within the PCD having a higher.population and/or resistance;
b) the progluct can be pre-treated before sterilization to reduce the bioburden numbers;

c) theproduct, the process or both can be evaluated to determine how to reduce the bioburden number
or resistance (e.g. by changing the raw materials or manufacturing process used, by improving the
manufafturing environment, or hy'modifying the product design)

d) develop|a new PCD.
If any of the|above changes ate'made, it is important to verify the effectiveness of the changes.

Product dedign might not-allow a BI to be positioned in the most difficult-to-sterilize location df the
product. In this circumstance it might be appropriate to place the Blin alocation to which the relatiopship
with the mopt difficult‘to-sterilize location can be established. Additionally, in many medical devicds the
most difficuft-to sterilize location contains a low number of microorganisms, and therefore the challenge
population Ilnay be more closely linked to the bioburden of the product.

Different types of PCDs are described in D.7.1.6. Methods similar to those used for determining the
appropriateness of the BI can be used for determining the appropriateness of the PCD. A PCD located
within the confines of the product, in the product shipper or product shipper case is an internal PCD,
whereas a PCD located between shipper cases or on the exterior surfaces of the sterilization load is an
external PCD. Internal PCDs can be used for routine product release; however, external PCDs are usually
used as they are easier to recover after completion of the sterilization process. Studies conducted in a
development chamber can be used to demonstrate the comparative lethality challenge of the internal
and external PCDs; however, consideration should be given to the effects of load volume and production
sterilizer performance when performing these studies. If the development chamber is not capable of
duplicating the production process then the comparative lethality challenge studies should be conducted
in the production chamber.
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The comparative lethality challenge of the internal versus external PCDs can be assessed using
concurrent exposure(s) in a fractional cycle(s). The resulting data can be used for:

a) making decisions about which internal PCD is appropriate to validate the sterilization process;

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

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

d) deciding if a new or modified product or internal PCD should become the master product for a
product family or processing group.

Therg can be instances when it is desirable to compare the lethality challenge of one/PCI
withput comparing both to the challenge of the product. This is often used when\an i
has been proven to be appropriate and an external PCD is being introduced fof-monito
production cycles for conventional release or when it is desirable to change to another exte

this ¢
pres
done
and 4
inter
Steri
indig
NOTH
great]

this d
gase

D.8.7

D.8.§

D.8.9

D.9

D.9.

D.9.]
assuyj
assuyj

ase, a method of evaluating the appropriateness of the PCD is to demonstrate that the ¢
ents an equal or greater lethality challenge when compared to the internal PCD. Typ
by performing a single fractional cycle that compares the fraction=negative results of

nal PCD (not more than 20 %, United States Pharmocopeia Biological indicators for Et}

lization), the PCDs may be considered equivalent since this-is.the confidence level of t}
ator used within the PCD.

It is not uncommon to find an external PCD in a less difficult-to-sterilize configuration|
er lethality challenge than an internal PCD in a more difficult-to-sterilize configuration. It is t
ccurs because the EO is removed more rapidly from the'external PCD than the internal PCD, re
Kposure time to the microbiological challenge.

[ No guidance offered.
b No guidance offered.

) No guidance offered.

Validation

I General

.1 Thesobject of validation is to document the evidence required to provide a hig
ance that” a specific process will consistently produce product meeting the requi
ranee level (SAL). Product sterilized in the validated process should be shown to meet pr¢

to another
nternal PCD
ring routine
rnal PCD. In
xternal PCD
cally this is
the internal

xternal PCDs. If the lethality challenge of the external PCD is less than the lethality challlenge of the

lylene Oxide
ne biological

presenting a
heorized that
bulting in less

h degree of
red sterility
bdetermined

spec

fications and quality characteristics related to product functionality and safety (i.e. throlugh product

com

atibitity studies):

Validation of the sterilization process should be performed according to an approved written document
(e.g. protocol) that defines the testing procedures and the acceptance criteria, prior to initiation of
testing. This document should be reviewed by a sterilization specialist(s).

The elements of validation, as defined in this clause, are

a) 1Q

b) 0Q,and

c) PQ.

© IS0 2014 - All rights reserved

47


https://standardsiso.com/api/?name=07b668f76f497c795fedf5a7e1054cf0

ISO 11135

:2014(E)

In a health care facility, IQ and 0Q are typically performed by the sterilizer manufacturer, although
they can be performed by any qualified personnel. MPQ data might be available from the sterilizer
manufacturer for general loads.

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

a)
b)

the validation steps that need to be performed;

individuals, departments and/or outside contractors;

c)

the criteria for successful validation.

the way in which these validation steps will be performed, along with a listing of responsible

For health ¢
validation; |
with the reg
D.9.1.2 Nd
D.9.1.3 Nd

D.9.1.4 Nd

D.9.2 Inst
D.9.2.1 Eq

D.9.2.1.1

operational
documents
and functior

’

The followi

are facilities, there is an option of contracting with an outside service to perform
owever, the health care facility is still responsible for ensuring that the validation-com
uirements of this International Standard.

guidance offered.
guidance offered.
guidance offered.
allation qualification
uipment

'he supporting documentation for IQ sheuld include descriptions of the physical
characteristics of the equipment (including ancillary equipment). Examples of relg

this
plies

and
bvant

nclude design specifications, the original purchase order, user requirements specifications

al design specifications.

hg are examples of equipment components that should be qualified to ensure thaf the

equipment Was installed according to the applicable specifications and requirements:

a) chamber and door construction;

b) sealsanld connections on chamber and piping construction (i.e. ability to maintain specified pregsure
and vacpum extremes);

c) supply $ystems for.gases and liquids (e.g. air, nitrogen, steam, EO and water), including filtefrs (if
used);

d) the elecfrical\supply, which should adequately and consistently supply the power needed for pfjoper
equipment-and instrumentation operation;

e) gas circulation systems, where used;

f) gasinjection systems;

g) vacuum systems, including pumps, pump cooling systems and piping;

h) exhaust, emission control and abatement systems;

i) other critical systems that could affect process conditions, such as process automation, safety
systems, etc.;

j)  the calibration of instruments (e.g. sensors, recorders, gauges and test instruments) that monitor,
control,indicate orrecord parameterssuch astemperature, humidity, pressureand EO concentration.
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k) the documented procedures for IQ should specify how each element of this qualification is planned,

performed and reviewed.

D.9.2.1.2 Guidance can be found in IEC 61010-2-40.

D.9.2.1.3 No guidance offered.

D.9.2.2 Installation qualification

D.9.2.2.1 The location in which the equipment is to be installed should comply with all pertinent
natidnal, regional and local regulations.

D.9.7

how they apply to potential EO exposure.

To p1
gas 1
occuf.

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

a)
b)

‘)
d)
€)
f)
g)

proper design, installation and maintenance of systems andequipment;

¢ompliance with applicable regulations for occupational health and safety and for en
Irotection;

evelopment and implementation of policies and procedures that support safe work pr

dtmospheric monitoring in areas where EO-exposure could occur;

se of personal monitoring devices aslappropriate;
ersonnel training;

eriodic audits of equipment;\personnel and processes to ensure on-going compliance
gpecifications and with the facility’s policies and procedures.

In heplthcare facilities [Q.is generally the responsibility of the sterilizer manufacturer, while
facilities it is often perfermed by site personnel in conjunction with a factory representative. If the

1Q is

management of doelrments and records relating to the purchase, installation of the equipm

D.9.7

recommendations and all applicable regulations.

.2.2 National and local requirements for occupational health and safety shouldbe consulted as to

rotect the health and the safety of personnel, equipment that detects atmospheric leyels of EO or
hixtures should be installed near the sterilizer and anywhere else where potential exgosure could

yironmental

hctices;

with design

nindustrial

performed by the’ manufacturer, or by a third party, the facility is responsible for retention and

ent.

.2.3 The storage conditions for EO should be in accordance with the EO manufacturer’s

D.9.2.2.4 No guidance offered.

D.9.2.2.5 Drawings, process and instrumentation diagrams (P&ID), and schematics should be checked
against the as-installed configuration and updated where necessary.

Drawings and parts lists for the equipment should include:

a)
b)

)

pipe work and instrumentation schematic drawings (i.e. process and instrumentation diagrams);

a list of other pertinent mechanical and electrical drawings and their location;

a list of critical instruments and devices, particularly those influencing process control, for which
physical characteristics and manufacturer performance claims (e.g. accuracy, repeatability, size

and model) should be kept on file;
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d) process control logic or software documentation necessary to support validation, including control
system layout, control logic diagrams and application software (computerized measurement and
control systems) such as program listings, flow charts, ladder logic diagrams where applicable and
strategy diagrams.

D.9.2.2.6 No guidance offered

D.9.3 Operational qualification

D.9.3.1 The following information should be documented for all instrumentation used for monitoring,

controlling,
a) equipm
b) calibrat]
c) actual g

d) the nex

D.9.3.2 0
test materia
and operatij

should inclulde the initial sterilization process that has been defined\in process definition (see Claug

0Q should a
of the EO va

The system
conditions d

0Q can incly
a) Precond

1) Th4
sho

TG {Cating OT TECOTAITE:

bnt identification;

ion schedule;

ompletion date for each calibration, as well as who performed it;

scheduled calibration date.

) for EO equipment is carried out either with an empty sterilizer chamber or using approq
to demonstrate the capability of the equipment to deliver the‘range of operating param|
1g limits contained in the process specification. This rangeof parameters and operating |

Iso determine the performance of associated ancillary systems. For example, the capa
porizer to achieve a minimum EO input temperature.

software (e.g. computerized measurementand control systems) should be tested in all
uring 0Q. The user is responsible for assuring the software is validated.

de the following when using a predefined cycle:
litioning Phase

pattern of air circulation throughout the area to be occupied by the sterilization lg
ld be determined. Thi$ can be performed by smoke tests in combination with calcul

of :['r change rates and anemometric determinations.

perature and htmidity should be monitored throughout the preconditioning area o
od long enough.to demonstrate that values are maintained within the desired ranges
perature andthumidity in a number of locations distributed throughout the preconditig
h shouldbée determined.

2) Te
per
tem
are

NOTE

Sensors.

riate

ters
imits
e 8).

bility

fault

ad(s)
htion

ver a
. The
ning

Sée(Table C.1 and Table C.2 for recommendations on the number of temperature and hunpidity

b) Sterilization Phase

1) Ifinert gases are used instead of EO, account should be taken of the differences in the relative

hea

t capacity when assessing the results.

2) Temperature/humidity distribution: Temperature/humidity sensors should be located in those
locations that are likely to represent the maximum temperature differential, such as locations
near unheated portions of the chamber or door and locations near steam or gas entry ports. The
remaining temperature sensors should be distributed evenly throughout the usable chamber
volume.

NOTE

50

See Table C.1 for the recommended number of sensors.
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3) In empty chamber OQ exercises, the recorded temperature range, within the usable chamber
volume during EO or inert gas exposure, of + 3 °C of the average recorded chamber temperature
at each time point should be obtained after an equilibration period. When the OQ exercise is
carried out using a loaded chamber, then the * 3 °C tolerance might not be achievable.

4) chamberleakrate (performed either under vacuum for subatmospheric cycles or under vacuum
and at pressure for superatmospheric cycles);

5) pressure rise on injection of steam during the conditioning phase;

6) thetemperature of the injected EO-gas should be within the volatizer specification or above the
hni]ing paint of EQ (10 7°C at atmospheric pressure):

T) pressure rise and rate of attainment on admission of EO and correlation of factors with which it
is intended to monitor EO concentration;

8#) depth and rate of attainment of vacuum used to remove EO;
9) pressure rise and rate of attainment of pressure on admission of air (or other gases);
10) number of times these last two stages are repeated and any variations in successive|repetitions;
11) the reliability of the supply of filtered air, inert gasses, water’and steam;

12) replicate cycles should be carried out to demonstrate_the repeatability of control;

13) a chamber wall temperature study should be<completed to verify adequate femperature
uniformity provided by the jacketheating syster; The study should characterize the femperature
profile for comparison on a periodic basis to’ensure the system continues to operatg effectively.

c) Aeration Phase

1) When performing aeration, the temperature profile of the aeration area should be|determined
in the same manner as recommended for preconditioning areas. The air flow ratesand air flow
patterns through the area should also be determined.

D.9.4 Performance qualification

D.9.4.1 General

PQ consists of rigorous-hiicrobiological and physical testing, beyond routine monitoring, to demonstrate
the ¢fficacy and réproducibility of the sterilization process. PQ is normally not started until after
completion and approval of the IQ and 0OQ testing. Acceptance criteria should include conformance with
the specificatioris for the sterilization process parameters and microbiological challenge. PQ activities
should be clearly defined in a written document (e.g. protocol). Where elements of the PQ ar¢ carried out
by separate parties, those parties should approve the relevant documentation. See 4.1 and #.2.

D.9.4.1.1 No guidance offered
D.9.4.1.2 See AAMI TIR 28:2009(26].
D.9.4.1.3 No guidance offered.

D.9.4.1.4 In specifying the presentation of product, both load configuration (the composition of the
load) and the placement of items within the load should be considered.

Typical load parameters to be defined might include stacking configuration, overall density, dimensions,
material composition, and use and type of pallet wrap. Load configuration should be documented for
each sterilizer. If routine sterilization consists of product loads that are less than the full chamber, then
the MPQ/PPQ should incorporate the minimum load.

© IS0 2014 - All rights reserved 51


https://standardsiso.com/api/?name=07b668f76f497c795fedf5a7e1054cf0

ISO 11135:2014(E)

Product placement should also be specified. In a large industrial sterilizer, this would refer to the
positioning of cases in a pallet or tote. For smaller sterilizers, as used by health care facilities, this refers
to the positioning of baskets, packs and rigid containers on a sterilization carriage or carrier.

The product and load used during PQ should be at least as difficult to sterilize as the most challenging
load expected during normal production. The load can consist of product or materials that have
characteristics similar to those of a load to be sterilized routinely. Changes in the load configuration
can affect the lethality of a sterilization process. It is important that the acceptable load configurations
be specified. If multiple load configurations are allowed, the load configuration used in the PQ studies
should represent the most difficult-to-sterilize configuration, or should have a known relationship to
the most difficult-to-sterilize configuration. Some variations in the load size might be justified as having
no significafft tmpact.

During PQ, {
a)

b) non salg

wo types of load can be chosen:
saleablg product;

able product or appropriate test material.

and

(e.g.
hight

D.9.4.1.5 |
length, varid
plastics, mef
not behave 5

Vhen the load is composed of products, such as surgical kits, lutméns of varying sizq
us packaging, and varying physical mass that contain a numbertof different materialg
als, cotton, etc.), it is important to verify the load configuratiod because these materials 1
imilarly when heated during preconditioning and conditioghinhg.

fects

hging
1 for

D.9.4.1.6 In addition to considering maximum/minimum load¢size (see D.9.4.1.4) and product e
(see D.9.4.1.5), validation load composition should consider anywidely varying load material /pack:
characteristjcs routinely sterilized, when developing a representative or most challenging loa
validation.

Productsor
present the
diffusion; d
characterist
containers,

D.9.4.1.7 1]

D.9.4.1.8 If the load is to be fé-used during PQ, the loads should be aerated and re-equilibrat
ditions prior te.starting the next run. After repeated use, the suitability of the load s}
pd. Aerationdetween exposures will ensure that EO residues in the load do not affed
dicator. If‘equilibration time is insufficient, the load could be warmer than the nd
ditions,or/the load humidity could be much lower than the normal ambient load conditi
bse situlations produce data that are not representative of normal production. Too h

ambient corj
be consider
biological if
ambient con
Either of th
starting tem

surrogate product materials utilized in validation loads should represent those that typ
most challenging condition for lethality (i.e. for penetration of heat, humidity, and E
ensity). Consideration should be given to include load material with substantially vai
ics such as: absorbent materials{barriers to diffusion such as rigid materials, sealed liq
btC.

No guidance offered

cally
D gas
ying
uids,

become des

an environment condition where the environmental dew point is higher than the product and/or load
temperature results in condensate formation in the load and product that results in a low and erratic kill

rate.

D.9.4.1.9 No guidance offered

D.9.4.1.10 No guidance offered

D.9.4.2 Performance qualification — Microbiological

D.9.4.2.1 Results obtained during process definition and, where applicable, IQ and 0Q should be used
to set the parameters for MPQ. Exposure time is the key parameter that is varied during microbiological
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qualification. Other parameters can be adjusted as necessary to provide assurance that the MPQ delivers
less lethality than the normal production process. For example, temperature, humidity, and/or EO
concentrations could be run at set points that are at the lower extreme of the normal process range. This
would provide assurance that any observed values within the specified range will produce acceptable
lethality.

MPQ should be conducted using product that is at or below the minimum temperature specified for
product to enter the preconditioning area. If it is anticipated that initial product temperature could vary,
for example because of transport for sterilization at a remote facility, the design of the qualification

testing should reflect this possibility.

For fi
phas
This
phas|
safet]
time

NOTH
expo

D.9.4
is atf
wor§

PCD{
distn

actionmatcycltestsub=tethatortatfcycte}; it mightatsoberecessary toshorterr tirepg
es of the cycle or to remove Bls prior to the aeration phase or after an abbreviated,aet
is done to minimize “residual kill” of the Bls due to EO that is present in the load duhing
es of the cycle. When shortening the post-exposure phases of the cycle, factors/such
y should be taken into account. The parameters selected for MPQ, with the exception
should remain fixed throughout MPQ.

Attention is drawn to the existence of statutory regulations existing ih some countries
ure to EO.

L.2.2  The microbiological challenge defined in MPQ should be designed to ensure the 1
ained for all product load combinations. To achieve this-0bjective, it is common to ug
t case product to represent EO product families.

should be placed within the product case and eyenly distributed in the sterilizati
ibution should include those locations wheresterilization conditions are the most

st-exposure
ation phase.
the aeration
as operator
of exposure

on personnel

equired SAL
e PCDs or a

bn load, but
difficult to

achigve. The locations used should include those selected for temperature monitoring. Fqr loads that
are palletized, these locations should also include the top and bottom of the pallets to enpure that all
potential stratification within the chamber is.assessed.

For duidance on sample numbers, see Table-C.3.

D.9.4.2.3 No guidance offered

D.9.4.2.4 If a developmental chamber was used for process definition, consideration shopld be given
to establishing the relationship between data from the developmental chamber studies arld data from

the p
prod
in th
recoy
that
Meth
and

roduction chamberAhe development of the microbial inactivation curves is not alway

e chamber. Thése long injection and vacuum times limit the ability to obtain the requir
rery of indieator organisms. These inactivation curves can be developed in a developmer

5 possible in

Liction chambers’because of the size of the chamber and the time required to inject andl remove EO

bd fractional
tal chamber

can deliver‘equivalent parameters especially EO concentration used in the producti
ods fof.demonstrating a relationship between the data developed in the developme
h production chamber involve a physical profile comparison and load density co

steri

bn chamber.
al chamber

myparison. The

}

ization conditions delivered in the developmental chamber should be compared with [the physical

profile obtained in a production chamber. Comparison of the lethality obtained in the development
chamber and production chamber should take into account the differences in EO gas injection and
evacuation times of the two chambers.

During the development of the sterilization process in a developmental chamber, it is important to place
PCDs inside the finished product case or in the routine configuration to provide a relationship of the
dynamics of the products within the case against the PCD during process development.

D.9.4.2.5 See AAMI TIR16:2009[25], 4.3.2.

D.9.4.3 Performance qualification — Physical

NOTE Results obtained from 0Q can be used to identify features needing evaluation during PPQ.
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D.9.4.3.1 If, in any of these runs, sterility or product functionality requirements are not met, an
investigation should be conducted to determine if additional qualification runs are necessary. If process
parameters cannot be maintained within the defined limits, an investigation should be conducted. If
modifications are made, additional runs might be necessary.

D.9.4.3.2 PPQ should be carried out with the loading patterns and pallet separations specified in the
documented procedures. For large preconditioning areas where a small load will not have a significant
effect on the area dynamics, it is not necessary (and indeed might be impractical) to perform the studies
with the preconditioning area in various loading states.

The guidance on PPQ of preconditioning also applies to the performance qualification of conditioning
(i.e. during dterilization). See Table C.1 and Table C.2 for the recommended minimum number of sensors.

a)
b)

<)

d)

f)

g)
h)

54

No guidpnce offered.

It is important to establish and report the product temperature and humidity’ranges of the
sterilization load after exposure to the specified preconditioning time (if used).

During the product transfer from preconditioning (if used) to the sterilization) chamber, condifions
of prodyict temperature and humidity might be impacted. It is important toensure that this effect is
considefed during PQ and is commonly addressed during PQ by ensurjfig that the time of trapsfer
specified in the PQ reflects the maximum time specification to be used for product transfer dyiring
routine|sterilization.

Temperpture and humidity sensors should be located within the sterile barrier system or amgngst
the unit packages in the sterilization load. When preconditioning is used, the product shou|d be
preconditioned within the specified time range. When préconditioning is not used, the temperature
and relative humidity within the load should be within defined limits prior to the end of the
conditigning phase of the cycle.

The temperature and humidity profile within the sterilization load should be evaluated during the
time that is needed for the sterilization load-to attain the minimum predetermined tempergture
and huridity.

For product, consideration should besgiven to locating humidity sensors in areas of the load thdt are
most liKely to experience variatiomin humidity, e.g. pallet centers, pallet edges and surfaces. For PQ,
humidity sensors should be placedwithin the packaging (where possible) within the load. Thik can
be achigved by placing the sefisor within the sterile barrier system or amongst the unit packages.

No guidance offered.

If parametric release/is used, the EO concentration profile for the entire gas dwell phase shoulld be
assessefl to determine how the gas concentration changes over the phase.

No guidance offered.

No guidprice offered.

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

During PQ, it is important to take into account the relationship between the load temperature and
the chamber temperature in order to ensure adequate load temperature in the routine process.
If sensors are used in the sterilization chamber and 100 % EO or potentially flammable sterilant
mixtures are used, the temperature and humidity sensors should be intrinsically safe, or should
be of an explosion proof design. These sensors should also be functionally compatible with EO and
with any diluent gases.

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=07b668f76f497c795fedf5a7e1054cf0

j)

ISO 11135:2014(E)

The temperature within the sterilization load during the aeration process should be measured over
the period of time required for the sterilization load to attain acceptable residual levels or measured

over the period of time required for the sterilization load temperature to stabilize.

NOTE This can be established during additional studies after completion of MPQ/PPQ.

D.9.4.4 Review and approval of validation

D.9.

D.9.

effect on the results of the validation should be determined and documented.

D.9.

in the validation protocol.

D.9.

D.9.]
1fth

5.1  No guidance offered.

| eliils ] A < - 1 PR A | - n) ) R Py ) 111 pa | =
[ Y9 nu_y UIlsSCll cpauulca UUSCTI VOU UUul llls LT vVAdIlUdUIUIT }Jl ULTS3S SIIUUIU UT UUCUITITIIU
33 Typically the validation reportis approved by the designated responsibléperson(

5.4  The validation report(s) should also include or reference the following:
The specifications for the sterilizer and the sterilization process;

the 1Q/0Q data;

the records, physical and microbiological, of all PQ runs;

gn indication that all gauges, recorders, etc. were calibrated and within their specificat
provision for future review and requalification;

the validation protocol(s)/procedure(s);

the documented procedures used;

Iocumented operating proceduré€s,including process control limits;

if a failure occurred, a description of the issues, the corrective action taken, and the
flailure on the intent of the{validation;

if a deviation to the protocol occurred, details of this deviation and an assessment of its
the validation and.itSresults.

5.5 Parandgtric release is a product release method wherein product is considered
¢ essential.physical processing parameters are in conformance with the specifications
Ig the yalidation for the specific product(s) in a defined load. Parametric release is b
documentedreview of processing records rather than the testing of biological indicators or

d, and their

5) as defined

ions;

effect of the

mpact upon

to be sterile

established
hsed upon a
PCDs.

er review of

a predeflned number of routine cycles. Durlng this evaluatlon perlod BI S mlght be used as part of the
routine monitoring and control of loads processed. The rationale for the number of runs selected should
be justified and recorded. This can be influenced by uniformity of the load, existing data, seasonal
variations or frequency of sterilization.

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

D.9

.5.6  No guidance offered.
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D.10Routine monitoring and control

D.10.1 No guidance offered.

D.10.2 Guidance on the bulleted items of 10.2 follows:

a)

b)

f)
g)

h)

56

The temperature of products entering the preconditioning area should be at or above the minimum
temperature specified or the defined conditions of storage should be met. If the product has been
exposed to extreme temperatures, for example during transport, it might be necessary to store the
product prior to preconditioning, or extend preconditioning time to allow the internal temperature

[N TP il rolal
and hu ey tooe-withtiraceepranreranges:

NOTE The minimum temperature of products entering preconditioning or the storage conditior]s are
defined fluring PQ.

The reflerence position for routine monitoring of temperature and relative huridity diiring
preconditioning should be correlated to the location at which itis most difficult te achieve the depired
conditigns. Monitoring data for the operation of the preconditioning area should be reviewgd in
conjunction with other data for the release of product.

No guidpnce offered.
No guidpnce offered.

The huinidity is typically calculated by measuring pressute ‘changes. (See also AAMI TIR15.[24])
The hui:idity in the chamber is typically calculated by measuring the partial pressure of water
vapour fnjected into the chamber. The relative humidityalue is then determined using the sfeam
tables by a ratio of the partial pressure to the saturatedwapour pressure for the actual cycle process
temperature. This will indicate the relative humidity value in the head space of the chamber and
will be pccurate until load or other reactions impact the actual water vapour content in the jhead
space. (onsideration should be given to the amount of moisture introduced into the chamber|with
the load from preconditioning.

No guidpnce offered.

Forced gas circulation is particutarly important when gas mixtures are used in order to ensure
uniform) conditions are maintainhed and to avoid stratification of gases that might have an impact on
microbipl lethality. (See D.6.3:2).

No guidpnce offered.

Pressurje rise of EQ injection (AP) provides an indirect measure of the mean EO gas concentrption
in the ayailable space within the sterilizer chamber. As EO concentration is a key variable afferting
the effi¢acy of<thé’sterilization process, it is considered essential that a separate second system be
provided for'documenting that the pressure rise is due to EO admission (see AAMI TIR15[2}] for
inffaemation). During EO injection and EO exposure phases of the sterilization process, EO is

measure of EO concentration).

Since EO injection times can vary from cycle to cycle, it is common practice to specify a time range
for an acceptable EO injection time.

No guidance offered.
No guidance offered.

The time taken for evacuation immediately after EO exposure can vary from cycle to cycle; it is
common practice to specify a range for acceptable evacuation time.

No guidance offered.
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No guidance offered.

D.10.3 Observations of growth from biological indicators not attributable to failure to meet physical
process specifications should be analysed; this can lead to a need for process or equipment modifications,
and for the PQ to be repeated.

D.10.4 The following guidance is provided for health care facility applications:

External chemical indicators in health care facilities: Sterilizer indicator tape, an indicating label or an
indicating printed legend should be affixed to or printed on each package assembled by the health

care
non-

cessed and

Fnri]ify The purpose of external chemical indicators is to differentiate between pr

processed items. They do not establish whether the parameters for sterilization, we

Indidators should be of Class 1 specification in accordance with ISO 11140-1.

Interjnal chemical indicators in health care facilities:

a)

b)

d)

Indicator should be placed in that area of the package considered to-be the least acce
eat, and humidity penetration; this might or might not be the centre of the pack. W
¢hemical indicators do not verify sterility, they allow detection of. procedural errors an

eneficial.

ghould be adequately trained and knowledgeable about the performance character
indicator in order to make an informed decision baSed on the result shown.

indicator, should be returned to the processing department for appropriate follow up. T
the physical monitoring, chemical indicators elsewhere in the load, and the biological
should be reviewed, in order to reachya conclusion as to whether the entire load should
or not. Records of this review shguld be retained. A single non-responsive or inconclus

¢an indicate problems assdciated with incorrect packaging, incorrect loading of th
overloading of the sterilizer chamber, malfunctions of the sterilizer, incomplete del
gterilization parameters,or inadequate preconditioning. The “pass” result of a chemi
does not prove thatithe’item where the indicator is placed is sterile.

Indicators shouldbe of Class 3, 4, 5 or 6 in accordance with ISO 11140-1.

D.10{5 Parametric release is a method of releasing product from sterilization as sterile wit
of Bls, relying instead on a demonstration of conformity of the physical processing parameters to all

spec

ficatienis. Therefore, data are gathered for additional processing parameters such as di

of chpmber relative humidity and EO concentration, in order to ensure that the sterilization
met Specitication.

a)

b)

re achieved.

Aninternal chemical indicator can be used within each package to be sterilized. If used, the chemical

5sible to EO,
hile internal
1l equipment

ﬁ)nalfunctions. The use of chemical indicators that respond to allthe parameters of the HO process is

The internal chemical indicator is retrieved at point-of-use and interpreted by the user. The user

stics of the

If the interpretation of the indicator suggests inadequate EO processing, the contents offthe package
ghould not be used. The complete unused package, including load identification and the chemical

he results of
monitoring,

be recalled
ve indicator

should not be considered as evidence that the entire load is non-sterile. Chemicdl indicators

e sterilizer,
ivery of the
ral indicator

hout the use

rect analysis
process has

Temperature measurement.

The requirement to measure temperature within the sterilizer from a minimum of two locations is
established in order to ensure that an undetected fault in a temperature sensor does not lead to the
inadvertent release of an improperly processed load. If there is a difference in the two temperature
data points, the acceptable temperature difference should be defined within the processing
specification. If either the controlling or the monitoring sensor do not meet specification and an
investigation cannot determine the accuracy of the chamber readings, the load is rejected

Humidity measurement.

Direct analysis of the head space for relative humidity can be performed using electronic sensors,

Gas Chromotography (GC), Infrared (IR) or other spectroscopic methods currently
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indicate water vapour concentration and calculation of the relative humidity value. The benefit of
these methods is the real-time indication throughout the conditioning phase. Electronic sensors
require periodic calibration to offset the effect of exposure to the EO gasand canrequire replacement
after repeated exposures to EO due to irreversible deterioration of materials currently utilized as
sensing elements.

c) EO gas concentration measurement.

The frequency ofanalysisrequired to demonstrate that the minimum EO concentration is maintained
throughout EO exposure should be established during the PQ studies. Monitoring throughout the
EO exposure dwell perlod should also be done as part of the Valldatlon in order to determme how
the EO gonce 2 9

and loa
documg
is recommended that when direct analysis of EO concentration is performed, at a minimum, direct
analysig of EO concentration be performed during the first and last portions of EO_éxposure.

Particular attention should be given to the measurement and documentation*of humidity diyiring
conditigning and that of EO concentration during exposure. The EO sampling dévice providing direct
EO con¢entration measurement using IR, GC, microwave, and other similar technologies should
be positioned in a location to represent the EO gas concentration within the sterilizer chamber.
Howevd, it is important to understand that this measurement providesan EO concentration af that
position in the chamber throughout the entire exposure phase without any restrictions of reactivity
effects ¢r load impact. The reproducibility and accuracy of the résults from direct analysis should
be detemined during PQ. Routine cycle analysis should fall within the determined range fojr the
cycle to[be acceptable.

It can b¢ necessary to introduce an equilibration time at the start of the EO dwell phase of the fycle
to allowthe chamber concentration to stabilize as the,EO gas is distributed throughout the chamber
and penetrates into the void spaces in the load.

NOTE 1| Anelectronicsensor measures EO gas:doncentrationatonly one sample site, whereasthe calcylated
EO gas cpncentration represents the mean E@:gas concentration within the space (volume) available fpr EO
gas molgcules to reside. Due to several factors, such as EO sensor dynamic performance characteristics,
placement of the EO sensor within thewvolume occupied by the EO gas molecules, potential stratifidation
within the chamber especially when the'sterilant is made up of both EO and diluent gas molecules, sel¢ctive
absorptibn and adsorption of EO in‘the load and the volume taken up by the load, the values obtaingd by
calculating the mean EO gas concentration can differ considerably from the direct measured value.

NOTE 2| Health care facilities do not routinely use parametric release.

D.11Product release from sterilization

D.11.1 This confirmation should include a formal review of the process documentation by a designated
individual (or by a validated automated process) to Verlfy and document that the phy51cal cycle varipbles
are within th been
approved and used product can be released based on compllance w1th spec1f1ed process parameters

Routine release of a product following sterilization can be based on a review of electronic records in
lieu of paper records. Likewise, required signatures can be made electronically. Users of electronic
signatures and records should be aware of, and should meet, national and /or international requirements
for this type of documentation. The review of processing records and the decision to release should be
performed by qualified individuals.

D.11.2 No guidance offered.

D.11.3 Failure to meet the physical specification or the observation of growth of indicator organism from
Bls (if used) should lead to the sterilization load being quarantined and the cause of the failure being
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investigated. This investigation should be documented and the subsequent handling of product should be

in ac
Ifac

a)

cordance with documented procedures.

ontrolling or monitoring sensor has failed, the run should be rejected, unless

there is an assignable cause for the failure, and

b) data from the remaining sensors are within specification.

If the decision is to reprocess the load, the suitability of the product and its packaging system for re-
sterilization should be established. The effect of repeated exposure to the sterilization process on

prod
of th

If thd
befol

D.11

D.11

D.1%

D.12

D.12
nece
of a ¢

One

uct functionality and levels of residual EQ, and /or reaction products, should be conside

red. Records

e resterilization.
L4 No guidance offered.

L5 No guidance offered.

P Maintaining process effectiveness

.1 General

omprehensive product and process changecontrol system is recommended.

barameter commonly monitored to ensure the continued ability to sterilize the load is

bioblirden. The bioburden should be ménitored per ISO 11737-1. If significant changes a

in th
proc

Inah

e number and/or types of micrgorganisms, their possible effect on the ability of the
bss to adequately sterilize the load should be evaluated.

of t
ade

devid
that
ISO 1

It is
instn

cleaning/decontamination process, to confirm that the process is still effective a

es that are not ¢lean should not be sterilized. Policies and procedures should be in pla

5883 sepies).

uetions specific to the medical device, e.g. disassembly. Policies and procedures shoul

toe

sure that medical devices are decontaminated

b original sterilization should be traceable from the re-sterilization records. (See 7.2:2).

effect of repeated exposure on the packaging system is not known, product should bej

1.1 To ensure that the sterilization process continues to deliver the required prody
Esary to evaluate any changes to the product aind packaging, the processes and equipmient. The use

ealth care facility, it is recommended that there be a periodic review of the data on the €

;‘Fate bioburden reduction in preparation for the subsequent sterilization process. Decd
medical devices showld.be visually examined for cleanliness prior to terminal sterilizat

medical devices are adequately decontaminated prior to sterilization (see ISO 176

essential for health care facilities to obtain from the manufacturers detailed 1

repackaged

ct SAL, it is

the product
re observed
sterilization

ffectiveness
nd provides
ntaminated
on. Medical
ce to ensure
64 and the

eprocessing
] be in place

D.12.1.2 A documented program for calibration of instrumentation used to control and monitor a
sterilization process is necessary to ensure that the process continues to deliver product with the required
SAL and performance characteristics.
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D.12.2 Maintenance of equipment

D.12.2.1 In order to be effective, preventive maintenance activities should follow a defined schedule
based on the manufacturer’s recommendations and the performance of the equipment. The procedures

should be documented, and maintenance personnel should be trained.

Equipment to be maintained and/or calibrated on a routine basis can include, but is not limited to, the

following preconditioning, chamber and aeration equipment:

a) gaskets and seals;

b) monitoiNg gauges;

c¢) EO monjitoring equipment (i.e. environmental and/or chamber);
d) door safety interlocks;

e) safety pressure relief valves or rupture discs;

f) filters (for periodic replacement);

g) volatizers/vaporizers;

h) chambeyr jacket re-circulation system;

i) chamber jacket system;

j) audiblejand visual alarms;

k) temperature and humidity sensor equipment;

1) boiler system for steam and heat supply;

m) evacuatfion equipment (vacuum pumps);

n) weighing scales;

o) valves;

p) pressure transducers;

q) timers;

r) recordeys;

s) air/gas girculatién)systems.

D.12.2.2 St¢rilization equipment that is not calibrated or is not properly maintained can genera

inaccurate 1

te an

for

D.12.2.3 No guidance offered.

ecord of the process parameters during the sterilization cycle. If these data are use
product release, it could result in loads being released that have not been adequately sterilized.

D.12.2.4 It is necessary to periodically review the maintenance records and to make any adjustments
that are indicated by the data.

D.12.3 Requalification

D.12.3.1 Review of IQ should include confirmation of the acceptable calibration status of control and
monitoring equipment. The change control and preventive maintenance programs indicate that no

60

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=07b668f76f497c795fedf5a7e1054cf0

ISO 11135:2014(E)

modifications of, or significant changes to, the sterilizing equipment have been made that could affect the
process.

D.12.3.2 Review of 0Q should include an assessment of the equipment performance and engineering
changes that were made during the year to ensure that the results from the original OQ are still valid (see

Figure D.1).

In order to do so, it is common practice to perform periodic requalification of equipment and should
include:

a) review of IQ status of equipment;

b) assessment of trends in equipment performance;

c) femperature and relative humidity profiles of the preconditioning areas (if used);
d) ¢hamber temperature profile;

e) femperature profile of the aeration areas (if used).

These requalification exercises should indicate no significant changes in the perfprmance of
preconditioning (if used), chamber or aeration areas since the previous (re)qualification. If equipment
chanjges are necessary as a result of these exercises, requalificatieh of 0Q might need to be|repeated.

NOTH For large preconditioning or aeration rooms containinig multiple sterilization loads, fhe extent of

requalification can be reduced if there have been no significant.changes in equipment. The rationale for reduced
requalification is documented.

D.12/3.3 Review of PQ should include assessment:that the sterilization process remains yalid for the
designated product(s).

Factors to be considered include, but are notlimited to, the following:
a) teview of IQ status of the equipment;
b) feview of OQ status of the eqltipment;

c) ¢onfirmation that there’have been no significant changes to the product design, mgnufacturing
dnd packaging materials, PCDs, suppliers, manufacturing area or facility, load configuration, or
manufacturing process that could affect product sterility;

d) c¢onfirmation thatthere hasnotbeenasignificantincrease inthe productbioburden, and)/ora change
in the resistamnce of the product bioburden to the sterilization process, which might adversely affect
the ability-ef the sterilization process to sterilize product to the specified SAL;

e) d¢onfirfmation that individual sterilization processes have operated within specificatipn since the
last qualification;

f) confirmation that there have been no changes to the sterilization process that could affect product
sterility;

g) review of sterility failures of Bls or PCDs that have occurred where process specifications were met
to determine whether requalification is warranted.

Based on this review, the sterilization specialist should determine the extent of physical and
microbiological requalification required. The review and decision should be documented.

There are three requalification options available as a result of the review:

— Full Qualification - consisting of PPQ and MPQ. This can be required in certain situations, e.g.
following a significant change to product/packaging design or configuration (creating a new “worst-
case” condition), process design or equipment/service.
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— No physical or microbiological qualification required - In circumstances where no changes have been
made to product, packaging, equipment/services and process, acceptable chamber performance and
engineering review, and the routine sterilization process has operated reliably in the intervening
period, then professional judgment can be used to justify that no physical or microbiological
requalification efforts need be performed before the next review.

— ReducedMPQ/PPQ-Thiscanbenecessaryincertainsituations,e.g.toverifycontinuedappropriateness
of the resistance of the internal PCD in the product load to the resistance of the product bioburden,
or, after a defined interval, to provide evidence that there has been no inadvertent change since
the previous requalification study. This would typically include, minimally, one fractional or half
cycle exposure including load temperature and humidity measurements. Fractional cycles in a
developmental chamber can also be used to SUpPpOrt a requalification program, but requalilichtion
of the production chamber should be performed in the production chamber.

It is recommended that a MPQ cycle and load temperature and humidity measurements (MPQ/PPQ) be
performed 3t least every two years to verify that the documented paperwork review has,captured any
changes in the product or sterilization process.

Requalificatfion can also include verification that if the sterilization process specification is changed{then
requalificatijon of the sterilization process should include confirmation that\pfoduct meets allowyable
limits for EQ residuals as specified in ISO 10993-7.

In all of the dbove cases, it is important to document the decisions takenas-well as the rationale for those
decisions, apd to define the plan for future review of requalification:

Feedback for next AQfwal Review

Annual Review
Equipmgnt < Change(s) >
= Chgnges i) G
= Calforation e B
* Maptenance T
Produc

Yes > significant “~__ Yes
:\"*--5 Change(s) .

Full Requalification

Mo |
= Degign No |

= Padkaging R |

» Malerials g ol

» Magufacturing process Re GQuaited s No

=« Biopurden < z S

~._ within lgst 2 yea -

* Load Configuration i 2 e
Procesging History 3 .

= Deyations

= Profess failures

Reduced Requalification | .|

Yes

Document Rationale

Mote — Where more tfiah/One configuration is validated, this is reflected in any requalification activity

Figure D.1 — Requalification decision tree

D.12.3.4 Requalification is performed to confirm that the cumulative effect of minor changes has not
compromised the effectiveness of the sterilization process.

Requalification can include verification that allowable product EO residuals as delineated in ISO 10993-7
are being met.

Itisimportant to formally assess the need for requalification of the sterilization process at least annually
to ensure that inadvertent process changes have not occurred and to demonstrate that the original
validation remains valid.

The requalification program should define acceptable ranges and levels of variability in performance
that are necessary to maintain the validity of the original validation from year to year.
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