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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO membe

r bodies). The work of preparing International Standards is normally carried out through 1SO

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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International

International

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

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

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fhe technical committees are circulated to the member bodies for voting.\"Publication gs an

International

Attention is

rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14160 w

This second
revised.

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

rawn to the possibility that some of the elements of this document may be the subject of gatent

as prepared by Technical Committee ISO/TC 198, Sterilization“of health care products.

edition cancels and replaces the first edition (ISO 14160:1998), which has been techrfically
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Introduction

A sterile medical device is one that is free of viable microorganisms. International standards, which specify
requirements for validation and routine control of sterilization processes, require, when it is necessary to
supply a sterile medical device, that adventitious microbiological contamination of a medical device prior to
sterilization be minimized. Even so, medical devices produced under standard manufacturing conditions in
accordance with the requirements for quality management systems (see for example SO 13485) may, prior
to sterilization, have microorganisms on them, albeit in low numbers. The purpose of sterilization is to
inactjvate the microbiological contaminants and thereby transform the non-sterile medical devicgs into sterile
ones

The

steril
of mi
there
appli
micrd

ents used to
the numbers
5 means that
of treatment
resistance of
ows that the
g cannot be
here being a

inetics of inactivation of a pure culture of microorganisms by physical and/orrchemical ad
ze medical devices can generally best be described by an exponential relationship between
croorganisms surviving and the extent of treatment with the sterilizing agent; inevitably thi
is always a finite probability that a microorganism may survive regardiess of the extent
bd. For a given treatment, the probability of survival is determined by the number and

organisms and by the environment in which the organisms exist_during treatment. It fol
sterility of any one medical device in a population of items subjected to sterilization processir
guargnteed and the sterility of a processed population is defined’interms of the probability of f
viable microorganism present on a medical device.

Atten
incon

tion also has to be given to a number of factors, ificluding the microbiological status (k
hing raw materials and/or components and their. subsequent storage, and to the cq

ioburden) of
ntrol of the

envir

Requ
stand
effec

bnment in which the product is manufactured, assembled and packaged (see also ISO 1348

ards for quality management systems recognize that, for certain processes used in manu
iveness of the process cannot be fully verified by subsequent inspection and testing of

irements for quality management systems-.for medical device production are given in ISC

5).

13485. The
acturing, the
the product.

Steriljzation is an example of such a pracess. For this reason, sterilization processes are validatefl for use, the
performance of the sterilization process is monitored routinely and the equipment is maintained.

Animpl tissues and their derivatives are used as constituents of certain medical device$ to provide
performance characteristics_that present advantages over the characteristics provided by non-animal-based

mate
comy]
many

This

proce
origin
heat,

fials. The range and-quantities of materials of animal origin in medical devices vary; such
rise a major part.‘of-the device, can be a product coating or impregnation, or can be
facturing process for the medical device.

International*Standard describes requirements that, if met, will provide a liquid chemica
ss that has’appropriate microbicidal activity for single-use medical devices containing mater|

n
xwterials can

used in the

| sterilization
als of animal

or their.derivatives. The sterilizing agents used most frequently for medical devices are m
irradiation and ethylene oxide. While some devices containing animal tissues may be co

Dist heat, dry
patible with

thesgq commonly applied methods of sterilization (historically, for example, catgut sutures have bgen sterilized
by irradiation), other devices, such as biological heart valves or tissue patches, are not compatible with
conventional sterilization processes. It has been recognized that other sterilizing agents might have to be used
in these exceptional circumstances. Liquid chemical sterilization is normally chosen over other sterilization
processes in order that the medical devices present the desired physical properties of the tissue after
sterilization. Sterilization by liquid chemicals of medical devices made in whole or in part from tissues of
animal origin represents a special case in terms of establishing an effective sterilization process. In common
with the other sterilization methods, the efficacy of a liquid chemical sterilization process needs to be
demonstrated and recorded before it is adopted for routine use.

Liquid chemical sterilization requires determination of types of microorganisms comprising the bioburden and
their resistance to the sterilization process in order to establish the appropriate reference microorganism,
whether that be a recognized biological indicator or an isolate from the bioburden. Compliance with the
requirements of this International Standard ensures that the microbicidal activity of the liquid chemical
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sterilization process is both reliable and reproducible so that predictions can be made, with reasonable
confidence, that there is a low level of probability of there being a viable microorganism present on a product
after sterilization. Specification of this probability is a matter for regulatory authorities and may vary among
regions or countries (see, for example, EN 556-1 and ANSI/AAMI ST67).

Exposure to a properly validated, accurately controlled sterilization process is not the only factor associated
with the provision of reliable assurance that the product is sterile and, in this regard, suitable for its intended
use. Attention is therefore given to a number of considerations including:

a) the source and harvesting conditions of the tissue;

HaOL roaas mn ot

b th H hialaciealetatiieoaf i A riol r e anto ot
e mICrJUIUIUHI\JGI SlAUo UT TTTCUTTIITTY Tavv TTTiatelidio U CUTTTPYUTITTINS, U VUL,

c) the routihe control of any cleaning and disinfection procedures used on the product;

d) the contfol of the environment in which the product is manufactured, assembled and packaged;
e) the contfol of equipment and processes;

f)  the contfol of personnel and their hygiene;

g) the manper and materials in which the product is packaged; and

h) the conditions under which product is stored.

Vi © 1S0O 2011 — All rights reserved
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Sterilization of health care products — Liquid chemical
sterilizing agents for single-use medical devices utilizing animal
tissues and their derivatives — Requirements for
characterization, development, validation and routine control of
a sterilization process for medical devices

1 $cope

This [nternational Standard specifies requirements for the characterization of a liquid chemical stgrilizing agent
and for the development, validation, process control and monitoring of-sterilization by ligid chemical
sterilizing agents of single-use medical devices comprising, in whole or in-part, materials of animd| origin.

This |nternational Standard covers the control of risks arising from, contamination with bacteria [and fungi by
appligation of a liquid chemical sterilization process. Risks associated with other microorganjsms can be
assegsed using other methods (see Note 1).

This [nternational Standard is not applicable to material of human origin.

This [International Standard does not describe methods for the validation of the inactivation of viruses and
transmissible spongiform encephalopathy (TSE) agents (see Note 2).

This [International Standard does not describe methods for validation of the inactivation or glimination of
protogoa and parasites.

The equirements for validation and‘routine control described in this International Standard are only applicable
to the defined sterilization process 'of a medical device, which is performed after the manufactufing process,
and do not take account of thellethal effects of other bioburden reduction steps (see Note 4).

This International Standard)does not specify tests to establish the effects of any chosen sterilization process
upon|the fitness for use-of the medical device (see Note 5).

This |nternational,Standard does not cover the level of residual sterilizing agent within medical [devices (see
Note6).

This [Intefnational Standard does not describe a quality management system for the control of |all stages of
manyfacture (see Note 7).

NOTE 1 The prior application of risk management principles to medical devices utilizing animal tissues, as described in
1ISO 22442-1, is important.

NOTE 2 Liquid chemical sterilizing agents traditionally employed to sterilize animal tissues in medical devices might not
be effective in inactivating the causative agents of TSE such as bovine spongiform encephalopathy (BSE), or scrapie.
Satisfactory validation in accordance with this International Standard does not necessarily demonstrate inactivation of
infective agents of this type. Risk controls related to sourcing, collection and handling of animal materials are described in
1ISO 22442-2.

NOTE 3 The validation of the inactivation, elimination, or elimination and inactivation of viruses and TSE agents is
described in ISO 22442-3.

© 1S0O 2011 — All rights reserved 1
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NOTE 4

Manufacturing processes for medical devices containing animal tissues frequently include exposure to

chemical agents which can significantly reduce the bioburden on the medical device. Following the manufacturing process,
a medical device is exposed to a defined sterilization process.

NOTE 5
NOTE6 IS

NOTE 7

Such testing is a crucial part of the design and development of a medical device.

O 10993-17 specifies a method to establish allowable limits for residues of sterilizing agents.

manufacture including the sterilization process.

Standards for quality management systems (see 1SO 13485) can be used in the control of all stages of

2 Normdtive references

The followin
references,
document (in

ISO 10012,
equipment

ISO 10993-1
managemen

ISO 10993-1
leachable su

ISO 11737-1
population of

ISO 13408 (4
ISO 13485:2

ISO 22442-2
collection an

3 Terms

g referenced documents are indispensable for the application of this document.| For
bnly the edition cited applies. For undated references, the latest edition of-the refere
cluding any amendments) applies.

Measure management systems — Requirements for measurement processes and meas

A

(¢

Biological evaluation of medical devices — Part 1: Evaluation and testing within
process

7, Biological evaluation of medical devices — Part 17~Establishment of allowable limi
bstances

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

Il parts), Aseptic processing of health care-products
D03, Medical devices — Quality management systems — Requirements for regulatory purpg

Medical devices utilizing animal. tissues and their derivatives — Part 2: Controls on sou
o handling

and definitions

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

31
batch
defined quar

tity<ofl product, intended or purported to be uniform in character and quality, which has

jated
nced

uring

risk

s for

of a

Ses

reing,

been

produced du

ingya defined cycle of manufacture

[ISO/TS 11139:2006, definition 2.1]

3.2
bioburden
B

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

[ISO/TS 11139:2006, definition 2.2]

3.3
carrier

supporting material on or in which test microorganisms are deposited

© 1S0O 2011 — All rights reserved
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D value

Dyq value
time or dose required to achieve inactivation of 90 % of a population of the test organism under stated
exposure conditions

[ISO/TS 11139:2006, definition 2.11]

3.5
expo

sure time

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

[1ISO
3.6

inac
loss

[ISO

3.7

TS 11139:2006, definition 2.18]

ivation
f the ability of microorganisms to grow and/or multiply

TS 11139:2006, definition 2.21]

inoculated carrier

sSupp

3.8

brting material on or in which a defined number of viable test organisms have been deposite

installlation qualification

[e]
procg
acco
[1ISO

3.9

ss of obtaining and documenting evidence that equipment has been provided and
dance with its specification

TS 11139:2006, definition 2.22]

liquigd chemical sterilizing agent

liquid
defin

3.10

chemical entity, or combinatioh.of entities, having sufficient microbicidal activity to achieve
ed conditions

medical device

instry
mate
being

—

ment, apparatus;-implement, machine, appliance, implant, in vitro reagent or calibrat
rial, or other related article, intended by the manufacturer to be used, alone or in combinatig
s for one orore of the specific purposes of:

iagnaosis,*prevention, monitoring, treatment or alleviation of disease;

—

installed in

terility under

br, software,
n, for human

iagnosis, monitoring, treatment, alleviation of, or compensation for, an injury;

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

— supporting or sustaining life;

— control of conception;

— disinfection of medical devices;

— providing information for medical purposes by means of in vitro examination of specimens derived from

t

©I1SO

he human body;

2011 — All rights reserved


https://standardsiso.com/api/?name=daff4dd33efe16905643d9fe555c6ec2

ISO 14160:2011(E)

and which does not achieve its primary 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

[ISO 13485:2003, definition 3.7]

NOTE

3.11

operational qualification

oQ

This definition from ISO 13485:2003 was developed by the Global Harmonization Task Force (GHTF 2002).

process of obtaining and documenting evidence that installed equipment operates within predetermined limits

when used in

[ISO/TS 111

3.12

accordancewith ite aonarational nrocadures.
CEOFaaRGE-WHR-RS-OPpeatoRarproGeadres

89:2006, definition 2.27]

parametric fjelease

declaration
delivered wit

[ISO/TS 111

3.13

hat product is sterile, based on records demonstrating that the process parameters
nin specified tolerances

B9:2006, definition 2.29]

performance qualification

PQ

process of o
with operatig
yields produg

[ISO/TS 111

btaining and documenting evidence that the equipment, as installed and operated in accorg
nal procedures, consistently performs in accordance’ with predetermined criteria and th
t meeting its specification

89:2006, definition 2.30]

3.14
product fa

ily
group or su'%roup of product characterized by 'similar attributes such as mass, material, construction, sh

lumens and
[ISO 17665-1
3.15
requalificati
repetition of

[ISO/TS 111

3.16
specify

ackaging system, and which presents a similar challenge to the sterilization process

:2006, definition 3.38]

pn

part of validation for the purpose of confirming the continued acceptability of a specified proc

89:2006, definition 2.40]

were

ance
breby

hpes,

2SS

il vanthin

A1l an-n rovaed-dacrman
Ctar— Vvt rt

$
T

stipulate in d

no.
arappProveT—GoTorTer

[ISO/TS 11139:2006, definition 2.42]

3.17
sterile

free from viable microorganisms

[ISO/TS 11139:2006, definition 2.43]

3.18
sterility

state of being free from viable microorganisms

© 1S0O 2011 — All rights reserved
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[ISO/TS 11139:2006, definition 2.45]

NOTE In practice, no such absolute statement regarding the absence of microorganisms can be proven (see 3.19).
3.19
sterilization

validated process used to render a product free from viable microorganisms

NOTE In a sterilization process, the nature of microbiological inactivation is exponential and thus the survival of a
microorganism on an individual item can be expressed in terms of probability. While this probability can be reduced to a
very low number, it can never be reduced to zero.

[ISOATS 11139:2006, definition 2.47]

3.20
stordge solution
liquid in which a medical device in its final form is presented for use

3.21
surrggate product
simulation of the item to be sterilized that presents an equal or greater challenge to the sterilization process

3.22
test {or sterility
techrfical operation defined in an official pharmacopoeia performed on product following eXposure to a
sterilization process or following an aseptic manufacturing précess

[ISOATS 11139:2006, definition 2.53]
3.23

tissue
organpization of cells, cells and extra-cellular constituents, or extra-cellular constituents

3.24
validation
documented procedure for obtainingy recording and interpreting the results required to establish that a process
will cpnsistently yield product complying with predetermined specifications

[ISOATS 11139:2006, definition 2.55]

NOTE For sterilization by liquid chemical sterilizing agents, validation is considered as a total programme, which
consists of installatian qualification, operational qualification and performance qualification.

4 Quality management system elements

4.1 Documentation

411 Procedures for the development, validation, characterization and routine control of the sterilization
process and for product release from sterilization shall be specified.

4.1.2 Documents and records required by this International Standard shall be reviewed and approved by

designated personnel (see 4.2.1). Documents and records shall be controlled in accordance with the
applicable clauses of ISO 13485.

© 1S0O 2011 — All rights reserved 5
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4.2 Management responsibility

4.21

The responsibility and authority for implementing and meeting the requirements described in this

International Standard shall be specified. Responsibility shall be assigned to competent personnel in
accordance with the applicable clauses of ISO 13485.

4.2.2

quality management systems, the responsibilities and authority of each party shall be specified.

4.3 Product realization

If the requirements of this International Standard are undertaken by organizations with separate

4.3.1 Proc
clauses of |

4.3.2 Proc
comply with

4.3.3
performed in

434 Asy

calibration o
this Internati

4.4 Meas

Procedures
preventive a

5 Steriliz

5.1 Gene
The purpossd
effectiveness
to the steriliz
the environm

5.2 Steril
5.21 The

a) theform

dures for purchasing shall be specified. These procedures shall comply with the appli
13485.

dures for identification and traceability of the product shall be specified. These procedures
he applicable clauses of ISO 13485.

accordance with 1ISO 22442-2.
tem complying with the applicable clauses of ISO 13485 or ISO 10012 shall be specified f

all equipment, including instrumentation for test purposes, used’in meeting the requireme
nal Standard.

irement, analysis and improvement — Control of-hon-conforming products

or control of products designated as non-conformihg and for correction, corrective actior
tion shall be specified. These procedures shall.coamply with the applicable clauses of ISO 13

ring agent characterization

al
of this activity is to define the liquid chemical sterilizing agent, demonstrate its microh
, identify the factors which.influence microbicidal effectiveness, assess the effects that exp

ng agent has on materials, and identify requirements for the safety of personnel and protect
ent.

zing agent
sterilizing.agent shall be specified. This specification shall include, if appropriate:

ulation of a sterilizing solution, including concentration of the active agent and pH;

cable

shall

Controls on the sourcing, collection and handling of animal tissues and their derivatives shall be

br the
nts of

and
485.

icidal
bsure
on of

b)
c)

d)

an expiration date;
a statement that the sterilizing agent shall not be reused,;

the storage conditions.

The specification for the liquid chemical sterilizing agent should take into account possible contaminants that

could affect t

he suitability of the processed animal material for its intended use.

5.2.2 The means of ensuring that the sterilizing agent is free from viable microorganisms before use shall

be specified.
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5.3.1

a)

NOTE

b)
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Microbicidal effectiveness

Microbicidal effectiveness studies shall

Guidance on microorganism selection is included in A.6.2 and in Table A.2.

demonstrate the lethal action of the sterilizing agent against a range of representative microorganisms,

identify the process variables that affect the lethal action of the sterilizing agent, e.g. time, temperature,

liquid chemical sterilizing agent concentration and pH (potential interactions of process variables should
be considered),

c)i

q

4

d)I

5.3.2
high

as wegll as a reference organism(s) known to be innately resistant to the sterilizing agent.

5.4

5.4.1

ssess those factors that can adversely affect the delivery, or distribution, or both, of the,ste

ince microorganisms could be inside cell/tissue structures], and

rocess variables that results in the lowest microbicidal activity.

resistance to the process. This shall include organisms from the product bioburden and the

Effects on materials

prop
The
treat

5.4.2
expo

maxinize material effects shall be evaluated.

5.4.3
criter

agent.

5.5

5.5.1
steril
to ex

5.5.2

ies of component materials of the medical devices,*and on their suitability for use, shall

If the product is to be exposed repeatedly to the sterilizing agent, the effects of s
sures on properties of component . materials using the combination of process parame

The materials tested and.the outcomes of all tests shall be recorded (see 4.1.2), toge
a against which the properties of materials were assessed before and after exposure to {

Safety and the-environment

Either a material safety data sheet (MSDS) or analogous safety information shall be spq
zing agent. This MSDS may be provided by a supplier for a chemical agent or be prepared
berimentahstudies on the sterilizing agent.

The potential impact on the environment of any substance which could be released, eithe

nd those that can influence its effectiveness [i.e. the sterilizing agent(s) should be ableto're

The microbicidal effectiveness studies shall include a screening testfo identify microorga

ilizing agent,
ach all areas

ssess the microbicidal effectiveness of the sterilizing agent at the tolerance limits for the combination of

nisms with a
Environment,

The effects of exposure to the sterilizing agent on>the physical, chemical, or physical and chemical

e assessed.

rt
]naterials used in the assessment should be selected on the basis of their likely use in poducts to be
d with the sterilizing agent.

uch multiple
fers likely to

ther with the
he sterilizing

cified for the
as a prelude

r deliberately

or ad

idpnfnllyi during Qr fnllnwing use aof the Qtprili7ing ngpnt, shall be assessed and measure

b established

for the control of the substance(s). This assessment, including the potential impact (if any) and the measures
for control (if identified), shall be recorded (see 4.1.2).

6 Process and equipment characterization

6.1

General

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

©I1SO
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6.2 Process characterization

6.2.1 The process parameters, together with their tolerances, shall be specified. These tolerances shall be
based upon knowledge of the combination of process parameters yielding the minimum effectiveness and
shall yield acceptable product.

6.2.2 Means of monitoring and controlling the process variables shall be specified.

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

6.2.4 Any [treatmmentof theproduct that s Tequiredfottowingexposure tothe—steritizingagenttoepsure
safety of the [product shall be specified as part of the sterilization process.

6.3 Equipment characterization

6.3.1 The pquipment to deliver the process within the tolerances stipulated for the process parameterg and
in a safe mamner shall be specified.

6.3.2 The ppecification shall include, but is not limited to:
a) a description of the equipment and necessary ancillary items, including.materials of construction,

b) the megns by which the specified sterilizing agent (see 5.2) is\provided, including any additives or
precursqrs necessary for its delivery (see also 5.2.1),

c) a description of the instrumentation for monitoring and eontrolling the sterilization process, including
sensor gharacteristics and locations, indicating and recording instruments,

d) any faull recognition by the sterilizing equipment, if appropriate,
e) any safdty features, including those for personnél and environmental protection,
f)  the instgllation requirements, including for the control of emissions, if appropriate, and

g) the condlitions for storage of the-sterilizing agent within the equipment to ensure that its quality and
composition remain within specifications, if applicable.

6.3.3 Software that is used.‘to“control, or to monitor the process shall be prepared and validatgd in
accordance Wwith a quality management system that provides documented evidence that the software meets
its design specification.

NOTE Fqr guidance, see ISO/IEC 90003.

6.3.4 Meaps_shall be provided to ensure that failure in a control function does not lead to a failyre in
recording of |process parameters such that an ineffective process appears effective. This may be achjeved
either by the use of independent systems for control and monitoring, or by a crosscheck between control and
monitoring which identifies discrepancies and indicates a fault.

7 Product definition

7.1 The purpose of this activity is to define the product to be sterilized by the liquid chemical sterilizing
agent, including the microbiological quality of the product prior to sterilization and the manner in which the
product is presented for sterilization.
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7.2 Product to be sterilized (including dimensions) and its condition shall be specified. This shall include
ancillary components and packaging if applicable, and shall take into account the bioburden and quantity and
types of tissue, and organic and inorganic contamination.

7.3 Product may be assigned to a product family. The criteria for assigning a product to a product family
shall be specified, and shall include consideration of bioburden. A demonstration of equivalence to previously
validated product, package or loading pattern shall be considered to meet this requirement. Any
demonstration of equivalence shall be documented.

7.4 Bioburden of the product as it is presented for sterilization shall be determined in accordance with
ISO 11737-1.

NOTH The intention is that the bioburden be stable and low, given the nature of the raw material$, product and
manufacturing procedures prior to sterilization.

7.5 | Product and packaging shall be designed to allow contact with the liquid chemieal sterilizing agent. The
location within the product at which sterilization is most difficult to achieve shall be identified.

7.6 | It shall have been demonstrated and documented that the sterilization, process does rlot adversely
affect the fitness for use of the product or its packaging. If resterilization is {6-b€e permitted, the effects of such
procgssing shall be evaluated and documented.

7.7 | The biological safety, in accordance with ISO 10993-1, and~fitness for use of the product following
expogure to the sterilization process shall be established. A risK)assessment shall be conducted to identify
and gpecify limits for process residuals in product, in accordancewith ISO 10993-17.

7.8 | Where the product is supplied in a solution of the sterilizing agent or storage solution, ingtructions for
use ¢f the product shall be provided to specify means*to reduce to acceptable limits the residual liquid
chentical sterilizing agents or storage solution fromithe product. Allowable limits shall be eptablished in
accordance with ISO 10993-17.

8 Process definition

8.1 |Purpose

The purpose of this activity is to.obtain a detailed specification for the sterilization process to be gpplied to the
defined product (see 7.2),\without compromising the safety, quality and performance of that product. The
sterilization process shall be documented. Process definition may be conducted in the productiofp chamber or
in a developmental chamber.

8.2 | Determination of the inactivation kinetics

8.2.1| Thersterilization process applicable to the defined product shall be established. This shall be achieved
by the determination of inactivation kinetics (see B.1), and hence establishment of the process parameters. An
emp| ical _mathematical rnlghnnchu’\ anmlnn the mw\rnhlnlnnmal inactivation kinetics—of identified resistant
microorganisms shall be establlshed and |t shall be conflrmed that the probability of a microorganism
surviving exposure to a defined treatment can be predicted.

8.2.2 Inactivation kinetics shall be determined by the construction of inactivation curves of the number of
surviving microorganisms plotted on a log,y scale against exposure time for the microorganisms identified
during the microbicidal effectiveness studies (see 5.3) as having a high resistance to the process. If it appears
from the microbicidal effectiveness study that the resistance to the sterilizing agent of an isolate from the
bioburden or manufacturing environment may approach or exceed the resistance of the reference
microorganism, then inactivation curves shall be constructed for both the bioburden or environmental isolates
and the reference microorganism. If no isolates have a resistance to the sterilizing agent approaching that of
the reference microorganism, then an inactivation curve shall be constructed only for the reference
microorganism.
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8.2.3 At minimum, inactivation kinetics shall be determined for that combination of process parameters (e.g.
sterilizing agent concentration, temperature and pH) that has been identified as producing the lowest lethality
during the sterilizing agent characterization (see 5.3). The rationale for the selection of these process
parameters shall be documented.

8.2.4 The inactivation curve shall include a minimum of five points covering at least a thousandfold
reduction in numbers. Microorganisms shall be presented to the process on carrier material(s) representative
of the medical device. Representative microorganisms from the presterilization bioburden should be induced

to grow on the tissue carriers, if possible (see B.1).

If the product does not allow the above-mentioned procedure, the MPN (most probable number) method can

be used. Th

The D value(
5.3.1) shall b
of survivors {
can become
investigated

8.2.5 Proc

sterilization gxposure time shall not be less than D[6 + logo(100 + B)], where B is the D value of the

resistant mid
ISO 11737-1
B.2), the ste
which no sur
Dis the D va

Construction

NOTE TH
surviving treat

) of the microorganism(s) identified in 8.2.2 based on the microbicidal effectiveness studies
e determined. The calculation of D value is only possible if the survivor curve (the plot-of nu
bn a logarithmic scale against time of exposure) is linear. Where deviations frominearity oc
o better characterize the inactivation kinetics.

pss definition shall be performed in accordance with either B.1 or B.2:-For a linear proces

roorganism identified above (see 8.2.4), and B is the value of the-bioburden determined
If the overkill approach is used in microbiological performance qualification (MPQ, see 9.4.

vivors are recovered from a population of at least 108 referénce microorganisms or D x 12,
lue of the most resistant organism identified above.

of an inactivation curve (see 8.2.2, 8.2.3 and 8.2.4)\is required irrespective of the method us

e extended treatment specified by this clause provides a probability of at least 1 x 10-8 of microorga
ment. EN 556-1 specifies this is a requirement for terminally sterilized devices labelled sterile.

(see
mber
cur, it

difficult to predict a satisfactory sterilization process. Such deviations,should be flirther

5, the
most
Lsing
P and

rilization exposure time defined for the process shall not be léss than either twice the tifhe at

vhere

ed.

nisms

8.2.6 Maximum exposure time of product to the.liquid chemical sterilizing agent shall be specified.

8.3 Methqd for neutralization

The method for neutralization of the liquid chemical sterilizing agent prior to culturing for recovery of suryivors
shall be validated. The method shall not in itself adversely influence the ability to interpret the results.

8.4 Safety quality and performance

It shall be dgmonstrated\that the product meets its specified requirements for safety, quality and performance
following apglication ef\the specified sterilization process.

9 Validatien

9.1 General

The purpose of validation is to demonstrate that the sterilization process established in process definition (see
Clause 8) can be delivered effectively and reproducibly to the sterilization load. Validation consists of a
number of identified stages, as follows:

10

installation qualification (1Q);
operational qualification (OQ);

performance qualification (PQ).
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IQ is undertaken to demonstrate that the sterilization equipment and any ancillary items have been supplied in
accordance with their specification (if appropriate).

OQ is carried out either with unloaded equipment or using appropriate test material to demonstrate the
capability of the equipment to deliver the sterilization process that has been defined.

PQ is the stage of validation that uses product (or surrogate product) to demonstrate that equipment

consistently operates in accordance with predetermined criteria and the process produces a product that is
sterile and meets the specified requirements.

9.2 Installation qualification

9.2.1| Equipment
9.2.11 Equipment to be used in the sterilizing process, including ancillary items, shall-be spgcified.

9.2.112 The operating procedures for the equipment shall be specified. These\operating progedures shall
includgle, but are not limited to:

a) step-by-step operating instructions;
b) fault conditions, the manner in which they are indicated and actiens to be taken;
c) ipstructions for maintenance and calibration; and

d) details of contacts for technical support.

9.2.2| Installation

9.2.2(1 The location in which the equipment is to be installed, including any services required, shall be
specified. Any special precautions and provisions shall be identified (e.g. safety equipment).

9.2.2(2 Instructions for installation 'shall be specified and shall include instructions pertinent|to the health
and dafety of personnel.

9.2.2(3 If applicable, conditions for the safe storage of the sterilizing agent, to ensure that ifs quality and
composition remain within specification, shall be documented.

9.2.2{4 Prior to OQ;, the calibration status of all instrumentation (including any test instrumgnts) used for
moniforing, controlling,)indicating or recording shall be confirmed (see 4.3.4).

9.3 [ Operational qualification

9.3.1| _Itshall be demonstrated that the equipment and any ancillary items, as installed, operate [as intended.

9.3.2 0OQ shall demonstrate that the installed equipment is capable of delivering the documented process
(see 8.1) within defined tolerances.

9.4 Performance qualification

9.4.1 General

Physical performance qualification (PPQ) and microbiological performance qualification (MPQ) shall be
conducted, and shall provide documented evidence that the equipment, as installed and operated in
accordance with operational procedures, consistently performs in accordance with predetermined criteria and
yields a product meeting its specification.
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9.4.2 Microbiological performance qualification

MPQ shall demonstrate that the sterilization process delivers the specified sterility assurance level (SAL). This
may be achieved using a procedure in accordance with 9.4.2.1 or 9.4.2.2. MPQ shall be performed in the
production equipment, except as noted below. MPQ shall be performed using the combination of process
parameters (e.g. sterilizing agent concentration, temperature, pH) that has been identified as producing the
least lethality, given the specified tolerances. The rationale for selection of these process parameters shall be
documented.

MPQ shall confirm the effectiveness of the defined process (see 8.2.5) for the product/load combination in the
production equipment.

If the procegs definition was not conducted in the production equipment using the product loaded\as for
production, the MPQ shall include at least three fractional or half cycles in the production equipment that
confirm the data from the process definition (see 8.2.1). See B.1 and B.2 for further information.

a) The product (or surrogate product) shall be inoculated in the worst-case locationhwith organigm(s)
demonsirated to be the most resistant to the process as identified in the process definition (see 8.24.1). If
appropripte, microorganisms can be induced to grow on product. See A.6.5.

b) For a product exposed to the sterilizing agent in an individual container,\the worst-case sterflizing
conditiops for placement of the individual container(s) within the praduction equipment shdll be
represented.

c) For a product sterilized in bulk, it might not be possible to perform PQ in the production equipment, as
indicatorl organisms could be introduced into the manufacturing environment. In this case, a| bulk
containgr made of similar material, with a similar ratio of volume, of sterilizing agent to the product, mpy be
used. If Jarge numbers of product units are routinely processed together, a smaller number of itemg may
be used|provided the volume of sterilizing agent/item is the.same.

Organisms that have been inoculated onto a product, “rather than induced to grow, could potentially be
washed off during exposure to the sterilizing agent.-Provision shall be made to evaluate the extgnt of
microorganigm wash-off for the MPQ.

9421 Combined reference organism/bioburden approach

The inoculat¢d product shall be exposed.to a series of incremental exposures designed to deliver less lethality
than the exposure time used routinely-”Rate of inactivation shall be calculated, and from knowledge of the
bioburden it shall be verified thattreatment required to achieve specified requirements for sterility is deliyered
in the time predicted in process\definition (8.2.5). After time graded exposure(s), the lethality of the process
can be determined using:

a) direct erfumeration.(survivor curve);

b) the fractjon negative method;

c) acombipation of a) and b).

A detailed description of the procedure is given in B.1.

9.4.2.2 Overkill approach

Product inoculated with 108 reference microorganisms is exposed to either half the exposure time [see item a)
below], or a fraction of the exposure time [see item b) below] predicted in the process definition (see Clause 8).

a) Half-cycle approach. Three consecutive half-exposure cycles shall be performed.

1) No organisms shall be isolated after exposure to each of the half cycles. This is a simple way to
demonstrate a greater than 6-log, reduction in half the sterilization time (see 8.2.5).
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As the reaction kinetics might not be linear, some organisms might be isolated after exposure to the

half cycles. For sterilization processes that do not demonstrate linear inactivation kinetics the exact
nature of the inactivation kinetics shall be established in order to derive a relationship to use for the

extrapolation. A validated enumeration shall be performed to demonstrate a 6-logy,
organisms. Statistical treatment should be applied if the reaction kinetics are not linear.

Additional guidance is provided in B.2.

reduction in

Cycle calculation 12 D approach. Three consecutive fractional cycles shall be performed. Confirm a 12 D

process by calculating the log reduction of the full process from the extrapolation of the log reduction in

t

he fractional cycle, based on the D values determined from the inactivation curves.

A

9.4.3

9.4.3
8.2.1
deter

9.4.3
shall

9.4.3

9.4.3
and i

9.4.3
proce
outsi
a ney

The

tolers
findin
944

If the

\ detailed description of the procedure is given in B.1 and B.2.

Physical performance qualification

1 Conformity with process parameters for temperature established during* process d

mined.

2 The pH and concentration of the liquid chemical sterilizing agent(s) before and afte
be determined.
3 Loading pattern of individual packages to be sterilized{shall be demonstrated to be st

4 If bulk sterilization processes are used, then sterilizing agent temperature througho
hside the product tissue shall be determined in threg(Consecutive process runs.

5 PQ shall include a series of at least thrée successful exposures of the product to th
ss, within defined tolerances, in order to demonstrate the reproducibility of the process. Res
le defined tolerances shall be reviewed and corrective actions determined and instituted be
V series of exposures.

beries of three successful exposures shall be performed consecutively, unless findings ou

nces can be attributed to factors ‘not relevant to the effectiveness of the process being va
gs shall be documented as(unrelated to the performance of the sterilization process.

Aseptic processing qualification

medical devicesis subjected to an aseptic transfer following completion of the sterilization pr:

a)

b)

rocesses_used for the sterilization of components for manufacture (e.g. finished produd
quipment used in aseptic transfer operations, storage solutions) shall be validated 3
ontrolled in accordance with the appropriate International Standard (see Bibliography);

bfinition (see

and reproducibility of temperature in the chamber and within individual' product contaifpers shall be

the process

itable.
Ut the vessel
b sterilization

ults from PQ
fore initiating

Iside defined
idated. Such

PCESS:

t containers,
nd routinely

ansfer procedures after exposure to the liguid chemical sterilizing agent shall be validated im accordance

with the appropriate part of ISO 13408.

9.5
9.5.1
used

9.5.2

©I1SO

Review and approval of validation

The purpose of this activity is to conduct and document a review of the validation data to confirm the
acceptability of the sterilization process and to approve the process specification. When aseptic transfer is

as part of the manufacturing process, the validation data for this step are included.

Information gathered or produced during product definition, process definition, 1Q, OQ and PQ shall
be recorded and reviewed for acceptability. The results of this review shall be recorded.

2011 — All rights reserved
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9.5.3 A validation report shall be prepared. The report shall contain or reference a complete process
specification, including the process parameters and their tolerances. The rationale for any deviation or
modification to the process plan shall be justified and documented. The process specification shall detail the
following:

a) the frequency and methods of determination of bioburden in accordance with ISO 11737-1, together with
action limits;

b) the specification for the environment in which the sterilizing agent and containers are prepared and
aseptic transfers are undertaken;

ftake—aseptic

1N 2l T 43 i+ H £, el
c) the training—and—eertification—eriteria—for—approvato

transferg;
d) the method of ensuring absence of viable microorganisms from the sterilizing agent solution(s);
e) the formplation of the sterilizing agent, including the specification of its constituents;
f) the pH df the sterilizing agent before and after the process;
g) the condentration of the sterilizing agent(s) before and after the process;
h) the spegification of the production equipment in which products comeg into contact with the sterflizing
agent, including materials of construction, size and details of pretreatment, if applicable, to be applfed to

ensure the absence of viable microorganisms;

i) the nuniber of products as characterized in the product definition to be sterilized per unit volume of
sterilizing agent;

i)  the expgsure time;

k) the temperature to be used for sterilization;

I)  any othgr process variable(s) monitored during process definition;

m) the method of sterilizing any storage solution in which product is presented after sterilization.

9.5.4 In cgses where a validation for a specific device is also judged valid for other devices, the justifi¢gation
for this shall pe documented.
10 Routine monitoring and control

10.1 The pprpose,-of routine monitoring and control is to demonstrate that the validated and specified
sterilization grocess has been delivered to the product.

10.2 At defined intervals, the bioburden immediately preceding sterilization shall be determined as described
in ISO 11737-1. If a microorganism that has not been studied in the microbicidal effectiveness studies (see
5.3) or the process definition (see 8.2) is isolated during routine determination of the presterilization bioburden,
the resistance characteristics of the isolate shall be assessed. If a new isolate might pose a greater challenge
to the sterilization process, then the exercise in 5.3.2 shall be performed with this isolate.

10.3 Data shall be recorded and retained for each batch of sterilized product to demonstrate that the
sterilization process specification has been met. These data shall include at least the following:

a) the process variables during the sterilization of final container(s);

b) the process variables monitored during the sterilization of the storage solution, if applicable;
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c) the chemical concentration of the liquid chemical sterilizing agent(s) before and after the process;

d) th
e) th
f) th
g) th

h) th

e pH of the liquid chemical sterilizing agent before and after the process;

e process variables monitored during preparation of the liquid chemical sterilizing agent;
e results of integrity tests on any filters used to sterilize solutions, if applicable;

e sterilization exposure time;

e temperature during the exposure time;

)

10.4
reco

a)

b)
c)

d)

e results of environmental monitoring for any aseptic transfer process, if applicable, in.compliance with
ISO 13408-1;

e records relating to preparing storage solutions and liquid chemical stefilizing aggnt solutions,
ontrolling the sterilization process and any aseptic transfer process, if appropriate;

e serial numbers or other unique identifiers of product or product groups processed.

If parametric release is to be used (for terminally sterilized product.only), the following data
ed in addition to the requirements of 10.3:

shall also be

e temperature during the exposure time in two positions,.thé worst cases having been demonstrated in

e validation studies (two independent sensors);
confirmation that validated loading pattern for product-was used,;
confirmation of the working of the circulation.system, if used;

e results of the bioburden determination and the determination of resistance char:

pplicable, for each batch of tissue processed.

10.5

For conventional release of each/batch of terminally sterilized product, at least one it

sterilization lot shall be examined foithe presence of viable microorganisms and shall include:

a) the final storage solution; and

b) 4t
1
2)
$)

3

least one of the following:
a finishedproduct;

a product that has been rejected but subjected to the complete manufacturing process;

acteristics, if

em from the

isolated pieces of animal tissue or other device components, or both, justified as being r

presentative

of the medical device, which have been subjected to the complete manufacturing process.

10.6

For each batch of product that is aseptically packaged after sterilization, the following shall be
examined for the presence of viable microorganisms using a pharmacopoeial test for sterility:

a) the final storage solution; and

b) at
1)

2)

least one of the following:
a finished product;

a product that has been rejected but subjected to the complete manufacturing process;
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3) isolated pieces of animal tissues or other components, or both, justified as being representative of

the medical device, which have been subjected to the complete manufacturing process.

11 Product release from sterilization

11.1 One or more procedures for product release from sterilization shall be specified. The procedure(s) shall
define the criteria for conformance.

11.1.1 For parametric release, the procedure shall include conformance to the process specification(s), as
described in 10.3, and additional requirements as specified in 10.4 a), b) and c). Note that parametric release
of the produdt is only acceptable when a terminal sterilizafion process is used.

11.1.2 For ¢
the process

onventional release of a terminally sterilized product, the procedure shall include conpfermar
specification(s) as described in 10.3, and following incubation there shall be ne~growth i

ce to
h the

microbiologidal testing described in 10.5.1.

11.1.3 For ¢onventional release of a product that is sterilized in individual containers or sterilized in|bulk,
followed by pn aseptic transfer of the product or solution, the procedure shall include conformance fo the
process spegification(s) as described in 10.3, and following incubation there shall be no growth ip the
microbiologidal testing described in 10.5.2.

11.2 A givep sterilization process shall be considered as non-conforming.and non-conforming product| shall
be handled gs specified in ISO 13485, if:

a) a procegs variable is outside documented tolerances; or

b) any miciobiological test shows growth following incubation\(see 10.5.1 and 10.5.2).

12 Maintdining process effectiveness

12.1 General

The continusg
shall be den
of bioburden

12.2 Maint

12.2.1 Prey|
procedures.
out shall be
specified ma

d effectiveness of the system\for ensuring the condition of the product presented for steriliz
onstrated. This includes foutine monitoring of product bioburden or monitoring the effective
reduction steps, or both:

enance of equipment

entative maintenance shall be planned and performed in accordance with docum

ation
ness

ented

The proeedure for each planned maintenance task and the frequency at which it is to be carried

specified and documented. Equipment shall not be used to process medical devices unle
ntehahce tasks have been satisfactorily completed and recorded.

5s all

12.2.2 Records of maintenance shall be retained as specified in ISO 13485. The maintenance scheme,
maintenance procedures and maintenance records shall be reviewed periodically by designated personnel.

12.3 Requalification

12.3.1 The validation and any subsequent requalification data shall be reviewed at least annually and a
rationale shall be prepared and documented as to whether or not requalification is required, and its extent.

12.3.2 A requalification exercise shall be undertaken unless sufficient data have been generated to
demonstrate the continued appropriateness of the sterilization process. Procedures for the review of validation
and requalification data shall be documented and records of requalification shall be retained. Requalification
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of a sterilization process carried out with specified equipment shall be performed at defined intervals against
specified acceptance criteria and in accordance with documented procedures.

12.3.3 A requalification report shall be documented. The report shall be signed by the persons designated by
the same functions/organizations that prepared, reviewed and accepted the original validation report.

12.3.4 Requalification for processes in parametric release shall be done at least annually and shall include
MPQ and PPQ.

12.3.5 Frequency of requalification of aseptic transfer procedures after exposure to the liquid chemical
sterilizing agent shall be in accordance with ISO 13408.

12.4| Assessment of change

12.4.1 Any change in the sterilization equipment that could affect delivery of the sterilization progess shall be
assesgsed. If the sterilization process is judged to be affected, then a repeat of part or dll of 1Q, OQ or PQ shall
be carried out. The outcome of this assessment, including the rationale for decisions reached, shall be
recorded.

12.4.2 Any change in the product, its package or the presentation of the-product for sterilizgtion shall be
assegsed for the effect on the continued appropriateness of the sterilization process. Those|parts of the
procgss definition that have to be repeated shall be determined based on the nature of the change. The
outcgme of the assessment, including the rationale for the decisions.reached, shall be recorded.
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Annex A
(informative)

Guidance for the application of this International Standard

A.1 General considerations

The guidange given in this annex is not intended as a checklist for assessing compliance ,with this
International|Standard.

This guidan¢e provides explanations and methods suitable for achieving compliance with. the spegified
requirementy. This guidance is provided to assist in obtaining uniform understanding and implementation of
this Internatipnal Standard. Methods other than those given in the guidance may be used. However, [hese
methods shquld be demonstrated as being effective in achieving compliance with the requirements df this
International|Standard.

The guidanceg is not intended to be exhaustive but is offered in order to highlight important aspects to Which
attention shquld be given. It provides examples of how to meet the requirements, recognizing that [other
methods tha{ achieve the same ends are equally acceptable. It also gives)general advice on how to megt the
requirementg and draws attention to aspects of the requirements that.might not be readily apparent to fhose
unfamiliar with the sterilization of medical devices.

The clauses|and subclauses in this International Standard to.which the guidance in this annex specifically
applies are ipdicated by the number of the relevant subclause«in square brackets.

A.2 Normaptive references [Clause 2]

The requirerments given in documents that are jincluded as normative references are requirements df this
International|Standard only to the extent that they are cited in normative parts of this document: the citation
may be to a whole standard or limited to specific clauses.

A.3 Quality managementsystem elements [Clause 4]

A.3.1 Docuymentation [4.1]

Requirements for the\control of documents and records are specified in ISO 13485:2003, 4.2.3 and |4.2.4
respectively.| In 1SO.13485, the requirements for documentation relate to the generation and contfol of
documentatiTn (including specifications and procedures) and records.

A.3.2 Management responsibility [4.2]

Requirements for responsibility and authority are specified in ISO 13485:2003, 5.5, and requirements for
human resources in 1ISO 13485:2003, 6.2. In 1SO 13485, the requirements are specified for management
responsibility related to management commitment, customer focus, quality policy, planning, responsibility,
authority, communication and management review. The level of qualification, training and experience required
by personnel will depend upon the activities being performed. General guidance on training as part of the
overall quality management system is given in ISO 9004. Particular qualifications and training are appropriate
for personnel with the responsibilities for:

a) microbiological testing;
b) chemical analysis and formulation;
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c) installation of equipment;

d) equipment maintenance;

e) PPQ and MPQ;

f)  routine sterilizer operation;

g) calibration;

h) process design;

i)  equipmentspecification:

A.4 |Sterilizing agent characterization [Clause 5]

Guid@ance on microbicidal effectiveness screening studies is provided in A.6.2.

A.5 [Product definition [Clause 7]
A.5.1
proce
produ
shou

[7.1] The development of a sterilization process for a particular medical device needs {
ss that is both effective and compatible with the medical{device. Therefore, initial inves
ct compatibility, together with experimentation to identify<er optimize the sterilization proc
d be undertaken while product is in the design phase.

Parti
from

ular attention should be given to the specific aspects related to the fact that the product is n
animal tissues.

A.5.2
stres
ensu
cond

[7.2] During a liquid chemical sterilization process, the product can be subjected to €
5es. The product could also react with,the*chemical sterilizing agents. The design of the pr
e that functionality and safety are not.compromised by exposure to the anticipated range d
tions.

If the|
shou
valid

medical device is sterilized.in-the final container, the validation data for the sterilization of

ted and are routinely controlled in accordance with the appropriate International Standard.

should be documented. For products where drying in the presence of organic material can occt
carrigrs comprising microorganisms dried in suitable organic material should also be used. Suc
carrigrs should include preparations of microorganisms resistant to drying, such as Clostridiun
sporgs,~Bacillus atrophaeus spores, Enterococcus faecalis, Mycobacterium chelonae and Can

b establish a
igations into
ess, or both,

hanufactured

nvironmental
oduct should
f sterilization

he container

d be included, demonstrating' that the sterilization process(es) used to sterilize the containgr have been

ess efficacy.
(e.g. serum,
anic material
r, inoculated
h inoculated
sporogenes
ida albicans

(see AB)

Extraneous organic and inorganic matter can interfere with the action of liquid chemical sterilizing agents.
Processing and inspection procedures should be in place to ensure removal of visible contaminants, such as
blood and extraneous tissue. Subclause 7.2 is not intended to establish a requirement for quantitative analysis
for organic and inorganic contaminants.

A.5.3[7.4] This guidance is provided in addition to that described in ISO 11737-1 because of the particular
difficulties in performing bioburden determinations of animal tissues.

The objective of bioburden determinations is threefold, as follows:
a) to establish the nature of contaminating microorganisms present;
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b) to establish the number of microorganisms present;

c) to establish the extent of variation in contamination by comparing the numbers found on consecutive

batches.

Bioburden determinations should be carried out on:

starting materials of animal origin;

materials after each significant processing stage;

the prod

Any method
numbers ang
the efficiency
conditions in
vary and can

compensate

Attention shd

for these limitations.

LICT Immeaiately prior 1o sterilization.

for determining the bioburden will only indicate the presence of a limited propertion g
species of microorganisms present. Bioburden values should therefore be corrected,for err
of the removal of microorganisms from the product and the effectiveness of the~applied c
detecting those microorganisms that have been removed. Estimates of recovery efficiencies
be extremely low for animal tissues. As a conservative approach, the equation for calculat
exposure timpe in 8.2.5 includes an additional safety factor of 100 to the estimate of the bioburd

uld be paid to the selection of appropriate media and incubatign conditions for enumerati

f the
DrrS in
Ulture

may

on of
bn o

bn. In

particular, thie requirements for the isolation of microorganisms that might)be associated with materials of
animal origin[should be considered. See Table A.1.
Table A.1 4+ Summary of media, incubation conditions and organisms suitable for growth promation
. . . Challenge organisms to
Medium? Possible !qcub?tlon demonstrate ability to suppornt
conditions d
growth
1 Tryptdne soya broth and tryptone | Aerobic 30 °C-35°C Bacillus atrophaeus

soya &

gar

Bacillus subtilis

Klebsiella pneumoniae
Pseudomonas aeruginosa
Brevundimonas diminuta
Staphylococcus epidermidis

2 Nutrie

ht broth and nutrient agar

Aerobic 30 °C-35 °C
Aerobic 20 °C-25 °C

Bacillus atrophaeus
Bacillus subtilis

Klebsiella pneumoniae
Pseudomonas aeruginosa
Brevundimonas diminuta
Saccharomyces cerevisiae

3 Lowenstéin

A hic 20 °C 26 °
IA- BN~ an~is aun ~ g

AMyvcobactarin nhlai (2 aoa Jec)
Ty CODTGTerTa T Prier{<

arabic
TCTOoIC

WeeKSy

Blood

agar

Aerobic 30 °C-35 °C
Anaerobic 30 °C-35 °C

Bacillus atrophaeus
Bacillus subtilis

Klebsiella pneumoniae
Pseudomonas aeruginosa
Brevundimonas diminuta
Staphylococcus epidermidis
Enterococcus faecalis
Clostridium sporogenes
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Table A.1 (continued)

Possible incubation

Challenge organisms to

Medium? conditions® demonstrate abilit()jl to support
growth
5 Potato dextrose agar Aerobic 20 °C-25 °C Saccharomyces cerevisiae
Trichophyton rubrum
6 Robertson's cooked meat? Aerobic 30 °C-35 °C Clostridium sporogenes

Organisms recommended in pharmacopoeias may also be used for growth promotion tests.

no orpora olour nange INnd WI equently Ir pIlory 10 v roplolog

bl circumstances, e.g. L-J medium. The detection of growth in liquid media should be made visually either by turbid

argrpwth) except in

speci ty or by special
densify/microscopy and, where necessary, confirmed by subculture on appropriate solid media.

b Alternative media with reducing properties suitable for detection of anaerobic growth may be substituted:

€ All incubation for growth promotion should be for a minimum period of two weeks except L-J medium which ghould be for a
minimum period of three weeks. Temperature should be controlled within tolerances selected from within the rangg given. Injured
organisms may require a longer incubation period.

d  Hach batch of a medium should be tested to demonstrate that the medium is capable of recovering 10-100 organisms per inoculum
(a bafch should be regarded as a single preparation from one lot of raw materials autoclaved ‘at one time). Testing should be done with
defingd strains from recognized type culture collection.

If an ihoculum of 10 organisms is used, this will rarely lead to the recovery of 10 colenyforming units (cfu) on solid media} because:

a) here will be a difference between the total and viable count; and

b) he precise number of organisms in the inoculum will vary by approximately a mean of 10.

Recoyery of one or more colony forming units of the inoculate microorganism (or visible growth in liquid medium) would [be regarded as
satisfactory evidence of the medium's ability to support growth of the.test organism. In testing liquid media, small volymes should be
emplgyed (e.g. 10 mL) if dilution inhibition is to be avoided.

A.6 |Process definition [Clause 8]

A.6.1[8.1] The process definition‘is undertaken to define the process parameters for a sterilizgtion process,
which will achieve the specified requirements for sterility for a defined product without advergely affecting
product functionality. The selection of the sterilization process to be used for medical devices should include
consideration of all factors which influence the efficacy of the process. The following may Qe taken into
accoynt:

a) the availability-of.sterilization equipment;

b) the rangeofjconditions that can be achieved with the sterilizing equipment available;

c) the sterilization processes already in use for other products;

d) the requirements for levels of residual chemicals or their reaction products, or both;

e) the results of process definition experiments.

A process definition exercise may consist of a number of elements, as described in lethal rate screening and
studies in 5.3 and Clause 8 during which appropriateness of the inoculated carrier to be used for PQ and
routine monitoring should be confirmed. As a result of the process definition activities, a sterilization process
can be defined. The appropriateness of this sterilization process with the product load is confirmed in the PQ
studies.

©I1SO
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A.6.2 [8.2] The stages of sterilizing agent characterization through microbiological process definition may
include isolate collection, characterization, challenge test screening for resistance, identification of most
resistant microorganism(s) representative of the bioburden for the sterilization process, construction of
survival curves, and assessment of inactivation of the identified reference microorganism(s) on tissue carriers
(see 5.3 and 8.2).

A.6.2.1 As it is often impractical to carry out inactivation studies on all isolates obtained from the product,
a screening test should be employed. By exposing samples of tissue to conditions less severe than those
used for processing, the more resistant isolates can be quickly segregated and used in the inactivation studies.

A.6.2.2 Due to the umque appI|cat|on of I|qU|d chem|cals for use |n sterilization processes, it is necessary
to be vigilan{
could pose
microorganig
sterilization

ongoing prog
manufacturing process and environment should be established (microbiological isolate screening procedure).
The microbiglogical screening process should be conducted to ensure that new or modified microorgafisms
are detected|and evaluated in a timely manner.

The microbidlogical isolate screening procedure should incorporate the following three phases:

a) Microbidlogical isolate collection: microbiological isolates of interesf\(should be collected from the
manufagturing process and environment in which the medical devjce is produced. Collection should
concentrate initially on microorganisms that are known to exist on the ‘product prior to sterilization ang that
may be fapable of surviving the chemical process solutions (pracess or bioburden isolates). In additjon to
the product bioburden, isolates should be collected from the,manufacturing environment in which the
product fis produced if it is of the type that could be capable® of survival in the process chemicals| This
environent may include, but is not limited to, process solutions, work surfaces, water purifigation
systems, raw materials and personnel. See TableA.2 for examples of additional classgs of
microorganisms to consider.

b) Microbidlogical isolate characterization: microbiological isolates collected for evaluation should be
charactqgrized or identified, or both, for futurereference. Characterization should include, at a minimum,
colony morphology, cellular morphology, ‘Gram reaction and growth rate description. When possible,
identification of the species or subspecies is preferred.

c) Challenge testing (screening): challenge testing of the microbiological isolates should be conductgéd as
indicated in 5.3.2. Microbiological-isolates which demonstrate a significant resistance to the sterilization
process|during initial challehge testing should be evaluated fully for lethal rate and compared tp the
microordganism(s) used fdr-initial process qualification and validation studies. The relative resistance of
the challlenge microbiological isolates should be evaluated with regard to the overall sterilization prodess.

A.6.2.3 Approaches, to initial challenge testing include:

— exposing tissué samples or a suspension of isolated microorganisms (10 cells) to the liquid chemical

sterilizing agent at minimum condltlons of the process specmcatlon for a fractlon of the tlme to mactl\ ate a

c v Tere 1 g-this—e S /ivors

are detected, this indicates that the re3|stance of the isolate could be 3|m|Iar to that of the most reS|stant

microorganism used in PQ. The isolate should be subjected to full characterization and detailed
investigation of its inactivation kinetics;

— exposing a suspension containing at least 10° cells of an isolate to the sterilizing agent for a time equal to
one to two times the D value of the reference microorganism. Detection of survivors would indicate that
the D value of the isolate is at least 20 % to 40 % (respectively) of the D value of the reference
microorganism. Isolates that are resistant to this limited exposure should be subjected to inactivation
studies to determine the D value in suspension. If the D value determined under these conditions is
greater than 50 % of the D value of the reference microorganism, the isolate(s) should be subjected to
characterization and determination of inactivation kinetics in the presence of product (or representative
carriers) as described in 8.2.4.
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A reference microorganism(s) is selected for qualification which is at least representative of the resistance of
the bioburden prior to the final sterilization process. The microorganisms selected and the rationale for their
choice should be recorded.

The resistance of the selected reference microorganism should be at least as great as Bacillus atrophaeus.
The reference microorganism should be designated by a recognized culture collection reference or other
identifier that allows the source to be traced.

A.6.

2.4

Examples of microorganisms which have been employed for characterization are given in

Table A.2. The microorganisms listed have previously demonstrated significant resistance to a liquid chemical
sterilizing agent with animal tissues. The table is provided as reference and guidance only and is not intended

to beratstef-microerganismsreguiredteo-beevaluated:

The pkelection of species of reference microorganisms to be used in the validation ofCa liq

sterilization process for material of animal origin should take into account test screening for is

5.3.2land Clause 8, and those representing potential bioburden which might possess;some resi
procgss chemicals, including the following (see A.6.2 for guidance on selected reference microorg

a) microbiological species which could be present as a result of the source of the animal tissue;

b) microbiological species isolated during the determination of bioburden.on product;

c) Ilicrobiological species isolated from the process or environmeéntiin which the animal tissue

nd the manufacturing environment in which the final medicaldevice is produced,;

d) ricrobiological species which have a demonstrated high“resistance to the liquid chemical ste
or which can be expected to have an increased resistance and which are of potential i
process sterilization stage;

e) arange of microbiological species.

of specific-liquid chemical sterilizing agents

id chemical
olates under
stance to the
anism):

is harvested

rilizing agent
mpact to the

Tlable A.2 — Examples of microorganisms which have been used for assessment of the activity

Specids Culture collection no.
ATCC? NCTCP NCIyB®

Spores of:
Clostridium sporogehes 3584 — 106096
Bacillus subtilis 6051 3610 3610
Bacillus atrophaeus 9372 — —
Bacillus_pumilus 27142 10327 10692
Chaetomium globosum 6205 — —
Mieroascus cinereus 16594 — —
Vegetative cells of:
Mycobacterium chelonae 35752 946 1474
Methylobacterium extorquens 43645 — 9399
Trichosporon aquatile 22310 — —
NOTE As an alternative, similar or equivalent cultures held by culture collections registered under the Budapest
Convention can be used.
@  American Type Culture Collection.
b National Collection of Type Cultures.
¢ National Collection of Industrial and Marine Bacteria.
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A.6.3 [8.2.2] Process definition is required to provide an inactivation curve for the reference microorganism(s)
with a minimum of five points covering at least a thousandfold reduction in numbers (Clause 8). See B.1.

The rationale for selection of these process parameters should be documented and should take into account
the combination of process parameters shown to be present throughout the sterilization process. Liquid
chemical sterilization is a dynamic process in which the critical process parameters change from the start to
the end of exposure. Chemical concentration and pH changes may occur due to dilution or reaction with the
product. Temperature may increase (or decrease) as a result of heat transfer. Hence, the least lethal
temperature might be observed at the start of the process, and the least lethal chemical concentration might
be observed at the end.

A.6.4 [8.2.3] Fhe st-and-moest-direct-approas

ch to nAracsnce Aafinitian u:nulrl ha +n caloect tha unlnno
oot tO—PTroceoSs Gt o wou 1S4~ STTCCTrc

for

Fhe-simplest-and-mest-direct-appt
each proces

inactivation Kinetics studies using that combination of parameters.

A.6.5 [8.2.4]
possible inte

5 parameter, giving the lowest lethality expected at any point in the exposure, and to condu

Process definition of liquid chemical sterilization processes should be conducted so tha
ractions of the test microorganism(s) with the medical device can be evaluated. as describ

ot the

t the
ed in

Clause 8.

Conducting 3 hese

phases are:

uch evaluations requires the investigator to perform four essential phases of investigation. T

determirn
(e.g. ma

a) ing components which represent the greatest challenge to the,liquid chemical sterilizing

ted surfaces, porous matrix, crevices in the surface);

hgent

b) defining|the method for establishing the microorganism(s) on the‘tmedical device or selected compongent;

validatin bcted

compon

c) g the method of recovery/detection of the test microerganism from the medical device or sel

bnt;
d) determir
selected

ing the inactivation kinetics of the test.organism(s) in the presence of the medical devi
component.

ce or

Establishing |reference microorganisms on tissue substrate/carriers: using the reference microorgani
selected thaf have demonstrated similar or greater resistance (as compared to bioburden) to the
chemical stefilizing agent in suspension-tests, the test organism inactivation kinetics should be evalua
the presencq of the test component. |f the location of the challenge is other than the most difficult-to-stg
location, its felationship to the most-difficult location should be established. The study design should in
controlled (“fvorst-case”) exposures’ of the inoculated or cultured test component in the liquid che
sterilizing adent against timez.Samples should be removed at predetermined time intervals to allo
estimation of|the surviving population by the validated recovery method.

Studies into
greatest cha

microbialogical inactivation kinetics should be conducted on carrier materials that pos
lenge {osthe sterilization process. Selection of the carrier should take into consideratio

material can
of or equivalés

If the choice of carrier is not readily apparent, screening tests to identify the most challenging carrier should be
performed.

The method of establishing viable microorganisms on the carrier prior to exposure to the sterilizing agent is
paramount in creating a simulation that will assess the sterilization process effectively and in a manner that
estimates challenges to the sterilization processes as they occur in practice. Two methods can be used to
establish a viable microorganism on the test component: direct inoculation or cultivation in simulated
manufacturing conditions.

Direct inoculation utilizes a viable spore or cell suspension that is applied to the carrier or medical device
component(s) immediately prior to the sterilizing agent exposure. This approach should be used for reference
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microorganism(s) representing the bioburden which would not survive to co-exist with the material during
storage in the process solutions.

Consideration should be given to the time that the inoculum is allowed to penetrate and adhere to the carrier
prior to liquid chemical sterilizing agent exposure. In addition, any bactericidal effect of the carrier should be
taken into account.

When reference microorganisms are used for direct inoculation onto sites that might confer resistance,
provision should be made to account for any wash-off of the test organism inoculum that might occur during
the testing for development of the inactivation curve or MPN data. In order to account for reduction in
inoculum, it could be desirable to determine the proportion of the inoculum that might wash off the intended

inocutar-site-

Cultiyation of microorganism(s) in simulated manufacturing conditions should be utilized_for migrobes which
might co-exist with the material during storage in the manufacturing process solutions.,/This might permit
significant proliferation; this method is preferred when possible over inoculation;” when the selected
micrqorganism is capable of growth in and/or on the product during normal manufacturing ¢onditions. A
culture of the carrier(s) with the test organism should be established. Under suchleonditions, the Ipvel of viable
micrqorganisms present in and/or on the product must be at least 1 000 colony,forming units and be uniform
from jone component to the next in a single culture system prior to liquid chemical sterilizing aggnt exposure.
Data|to demonstrate appropriate minimum population and uniformity should' be collected immedjately prior to
initiafing inactivation kinetics studies.

The method for recovering viable microorganisms from the carrier after exposure to the liguid chemical
sterilizing agent should be defined and validated. The validationsshould demonstrate that the mgthod chosen
recoyers the surviving organisms in a reproducible manner.

Test methods may be conducted by either direct enumeration to establish the number of survivprs over time
(survjvor curve) or by Most Probable Number (MPN);estimation (e.g. Stumbo, Murphy, Cochran pr Spearman
Karber methods); see Reference [18]. Survivor curve construction is preferred, as this method establishes
suffigient data to allow the determination of the @nactivation kinetics of the test microorganism over time in the
presgnce of the medical device or selected component. MPN methods could be necessary iff the medical
devige or component does not allow consistent removal for enumeration of the surviving populatjon over time
(i.e. if the medical device or carrier cannot be macerated to allow estimation of the surviving mjcrobiological
population).

Whilg direct enumeration and ‘construction of a survivor curve provide greater information about the
inactivation kinetics of the test-organism, they can also require more time and resources to pgrform. Direct
enunjeration procedures attempt to remove all viable test organisms after predetermined tirnes of liquid
chentical sterilizing agent“exposure. Removal can be accomplished as for bioburden determination (see
ISO 11737-1), for example by homogenizing the test component and preparing appropriate| dilutions for
surviyor enumerations; however, this method is not applicable if there are materials in the proddict which are
not re¢adily homogénized.

See B.1 foradditional guidance on performance of lethal rate studies.

% includes an

A.6.7 [8.3] Before commencing an MPQ, it is necessary to ensure that the results of qualification
experiments are not adversely influenced by microbicidal or microbiostatic effects due to carry-over of the
liquid chemical sterilizing agent into the recovery system. The effects of microbicidal or microbiostatic
substances can be reduced by dilution, removed by filtration or inactivated by reaction with a neutralizing
agent.

The choice of neutralization system will be influenced by the composition of the liquid chemical sterilizing
agent, and the effectiveness of the chosen system should be demonstrated prior to the commencement of PQ.
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A.7 Validation [Clause 9]

Where the medical device is sterilized in the final container, the validation data which demonstrate that the
processes used to sterilize the container have been validated and are routinely controlled in accordance with
the appropriate International Standard should be included.

A.8 Routine monitoring and control [Clause 10]

A.8.1[10.2] See A.5.3 and A.6.2 for general guidance on bioburden determination during process validation.

Ongoing micfobiological monitoring: microbiological isolation and challenge testing should be conducte

routine basid. The goal of such testing is to detect possible changes to the microorganism(s) that.can be
present during the sterilization process. Since validation procedures are established to evaluat¢ the
sterilization grocess against a given range of microorganisms, ongoing testing should be performed to prpvide
evidence thdt the microorganisms presented to the sterilization process are not or have pet become [more
resistant than those used during original validation studies.

on a

A.8.2[10.3] er of

phases, such

A sterilization process using liquid chemical sterilizing agents usually—-involves a numb
as:

a) the preppration of the liquid chemical sterilizing agent;
b) the expgsure of the product to the sterilizing agent at a controlled temperature for a specified time;
c) the sterilization of the primary package.

If it is not a terminal sterilization process, there are two additional phases:

the preppration and sterilization of any storage solution in which product is to be presented;

the aseq
liquid ch

The prepara
numbers ang
confirmed by
microorganig

tic transfer of the product from the stefilizing agent into its primary pack or aseptic removal
emical sterilizing agent from the primary pack and replacement with storage solution.

ion of the sterilizing agent réguires careful control. Records of the constituents, such as

quantities, should be retained and the final concentration of the active ingredient(s) shou
assay. Frequently, sterilizing agent solutions are filtered prior to use in order to remov
Ims and other impurities-carried over from the components of the sterilizing agent. Filters us

pf the

batch
Id be

any
d for

such procesges should be tested.for their integrity after use.

The steriliza inder

temperature-

ion process<is-required to be carried out in exposure vessels of defined specification
controlled-conditions.

In order to pssess~the routine acceptability of a process, the composition of the sterilizing agent
sterilization ghould’ be checked after the product has been removed. The chemical composition df the
chemical stetilizing agent must be assayed following completion of the process to confirm that the compasition
remains within specification. A microbiological check, for example, could be exposure of an inoculated carrier
to the sterilizing agent to demonstrate continued microbicidal efficacy. The sterilizing agent may be collected
either as a random sample from the product batch, or from items designed to be representative of the batch,
and which are sterilized along with the batch (e.g. scrapped surrogate product).

post-

Following exposure, the product can be transferred aseptically to its final container or the chemical sterilizing
agent may be aseptically removed and replaced with a storage solution. During this transfer, the environment
in the vicinity should be monitored microbiologically.

A list of personnel who have been qualified to undertake aseptic transfers should be approved, established
and maintained. This list should be kept under constant review and personnel should be requalified at defined
intervals. The qualification and requalification typically takes the form of media transfers and parallels the
approach of “broth fills” (“media fills”) used to qualify filtration sterilization and aseptic processes.
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If product is to be presented in a storage solution, the storage solution should be sterilized prior to use. If
aseptic processing is used, ISO 13408-1 should be followed.

For guidance on aseptic transfer, if applied, see 1ISO 13408-1.

A.8.3[10.4] Temperature of the sterilization load should be representative of the worst-case temperature of
product.

A programme to monitor for the level and resistance of the bioburden of the animal tissue or its derivative
should include monitoring sampling which is representative of processes for tissue sourcing, receiving and

[10.5] The sterilizing agent may be collected from at least one of the following:
a sample from the product batch;

ems designed to be representative of the batch, and which are sterilized. along with th
crapped surrogate product).

b batch (e.g.

Final

partid
comg

product testing is generally of limited value in determining sterility of<a batch of product. Ho
ular application, certain gross failures may be detected by testing for microbiological contar
letion of the process. When conducting such microbiological 4ests, it is important to ensure

vever, in this
hination after
the removal

of any residual microbicidally active sterilizing agent or storage solution.
Cultu
thoss
micrg
pharr
spec

re media and incubation conditions must be qualified t0" support growth of microorganisms similar to
that potentially are in the bioburden. Culture media.anid conditions may be chosen for the tgsts for viable
organisms that are different from those used.for a pharmacopoeial test for sterility. [ However, a
hacopoeial test for sterility is required for the product that is aseptically packaged after sferilization as
fied in 10.5, in accordance with applicable local, national and international requirements.

A.9 |Product release from sterilization [Clause 11]
A9.1
both
takern

[11.1.1] If a sterilization process operating within specified tolerances has been demongtrated to be
effective and reproducible( confirmation that the process parameters were within specification limits is
as evidence of the adequacy of the process.

neasurement
required for
pnal process

Parametric release is the-declaration of adequacy of sterilization of product based on the direct 1
and evaluation of process parameters. No batch sample or indicator microbiological testing is
pararetric release~(see ISO 14937). For parametric release, data should be gathered for additi
parameters.

The @ppropriateness of parametric release should be demonstrated during the validation of th¢ sterilization
procgss#APrior to implementation of parametric release as described in Clause 11, it is mpecessary to
demgqnstrate a history of acceptable results in the final product test for viable microorganisms, gnd also that,
historically, bioburden has not been excessively resistant o the chemical sterilizing agent. Tn addition, key
process parameters, including post-chemical test results, should fall within the specified tolerances over a
history of processing. Parametric release should be supported by extensive experience with the sterilization
process.

A.9.2 [11.2] Failure to meet the process specification or failure of an indicator to meet its specified
requirements should lead to the affected product being placed in quarantine and the cause of failure
investigated. The investigations should be documented and recorded.
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