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Foreword

:2021(E)

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

electrotechnical standardization.

Thle procedures used to develop this document and those intended for its further maijrnte
degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed
diffferent types of ISO documents should be noted. This document was drafted in accordanc
edjtorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atf
pa
an
on

ention is drawn to the possibility that some of the elements of this document’may be the
fent rights. 1SO shall not be held responsible for identifying any or all such patent rights.
) patent rights identified during the development of the document wilkbe in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents);

Anly trade name used in this document is information given for the convenience of users an
copstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific
expressions related to conformity assessment, as wellras information about ISO's ad

nance are
ed for the
b with the

subject of
Details of
on and/or

1 does not

erms and
erence to

the¢ World Trade Organization (WTO) principles in“the Technical Barriers to Trade (|[BT), see
www.iso.org/iso/foreword.html.

Thlis document was prepared by Technical Committee ISO/TC 198, Sterilization of health caré¢ products,
in [collaboration with the European Committee for Standardization (CEN) Technical Committee CEN/
TC| 102, Sterilizers and associated equipment for processing of medical devices, in accordanc¢ with the
Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

Thiis second edition cancels and(replaces the first edition (ISO/TS 16775:2014), which|has been
tedhnically revised.

The main changes compargd.to the previous edition are as follows:

— | updates to reflect1SO 11607-1:2019 and ISO 11607-2:2019 editions;

—| intentand gujdance is provided for each clause of the standard to improve usability of this locument.
—| new annexés have been added;

—| somesannexes have been removed.

Anly feedback or questions on this document should be directed to the user’s national standarids body. A
complete listing of these bodie n-befound AWALESO-ora fmembershim

©1S0 2021 - All rights reserved vii
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Introd

uction

Sterile barrier systems are intended to allow for sterilization, provide physical protection, maintain
the sterility of their contents until the point of use and ensure aseptic presentation. The sterile barrier
system, depending on conditions of handling, distribution or storage, can be combined with additional
protective packaging to create a packaging system.

ISO 11607-1 specifies the requirements for materials, sterile barrier systems, and packaging systems,
including the validation of the packagmg system de51gn Whlle ISO 11607 2 specifies the requlrements

for packaging proce

applicablé
recognize
used in al

This docy
revision h
referring
followed
ISO 11607
the gener
ISO 11607
over the
ISO 11607

This guid
two envir
sterile bal
process c
based on {
presentat
validated,
patient sa
trained pg

and/or indlustry, as indicated.

The cond
interpretd

to healthcare fa0111t1es and Wherever medlcal dev1ces are packaged and sterlllzed 1
d that the circumstances of the application of these standards will be different whenthey
ealthcare facility, by a medical device manufacturer or reprocessor.

ment provides guidance on the application of ISO 11607-1 and ISO 11607:2" This lat
as been completely reorganised following the structure of ISO 11607-1 and SO 11607-2 3
o individual or groups of clauses or subclauses while indicating the intentof the requireme
by relevant guidance. It can be used for the systematic applicationof ISO 11607-1 4
-2 or as a reference when questions come up about specific requitements. Clause 4 cov
1l requirements that are identical in ISO 11607-1 and ISO 11607+2while Clause 5 applies
-1:2019 and Clause 6 to ISO 11607-2:2019. Guidance on the application of risk managem
packaging life cycle has been added in anticipation of{the upcoming amendments
(all parts).

ince document is applicable to healthcare facilities and'to industry while differences for
bnments are addressed as necessary. Although healtheare facilities are usually not involved
rier system design tasks, their partin the sterilebarrier system and packaging system des
nsists of carefully selecting an appropriate sterile barrier system and protective packag
he identified risks related to the content, stérilization method, transport, storage and aseq]
on. Sterile barrier and packaging systems*and the related processes must then be prope

Fety, healthcare facilities should develop written procedures to be implemented by adequat
rsonnel. Guidance given in the anhexes of this document is applicable to healthcare facilit

tions of use of this guidance can vary widely around the world and can be subject
tion by circumstances and regulatory environments.

ire

est
nd
nts
nd
PT'S

to
pnt

to

he

in
gn
ng
tic
rly

and sealing, closure and assembly processes must be controlled and monitored. To ensiire

ely
ies

to

viii
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Packaging for terminally sterilized medical devices —
Guidance on the application of ISO 11607-1 and I1SO 11607-

2

1 _Scope

Thiis document provides guidance for the application of the requirements contained in [SO/11
ISQ 11607-2. It does not add to, or otherwise change, the requirements of ISO 11607-1@nd IS

Thiis is an informative document, not normative. It does not include requirements tobe used

regulatory inspection or certification assessment activities.

Th
illu

guidance can be used to better understand the requirements of ISO 11607-1 and ISO 11
strates the variety of methods and approaches available for meeting the requirement

Infernational Standards. It is not required that this document be used toydemonstrate confor

the

Gul

SY9
fon

Th

ter

Th

the

m.

idance is given for evaluation, selection and use of packaging\materials, preformed ster
tems, sterile barrier systems and packaging systems. Guidance on validation require
ming, sealing and assembly processes is also given.

is document provides information for both healthcare-facilities and the medical devices in
minally sterilized medical devices.

is document does not provide guidance for applications of packaging materials and syst
ir opening. In the use of packaging for other purposes such as a “sterile field” or tr3

contaminated items, other regulatory standards will apply.

2
Th|

Normative references

e following documents are.referred to in the text in such a way that some or all of the

607-1 and
D 11607-2.
hs basis of

607-2 and
5 of those
mity with

le barrier
ments for

dustry for

ems after
nsport of

ir content

copstitutes requirements of this document. For dated references, only the edition cited applies. For

un

IS(
mg

IS(
fon

3

Hated references, the latest edition of the referenced document (including any amendment

11607-1:2019, Packaging for terminally sterilized medical devices — Part 1: Requirg
terials, sterile barpier systems and packaging systems

11607-2:2019, Packaging for terminally sterilized medical devices — Part 2: Validation req
forming{sealing and assembly processes

Terms and definitions

5) applies.

ments for

uirements

For the purposes of this document, the terms and definitions given in ISO 11607-1:2019 and
[SO 11607-2:2019 and the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

©lI

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

SO 2021 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775:2021(E)

3.1
process

set of interrelated or interacting activities that use inputs to deliver an intended result

Note 1 to entry: Whether the “intended result” of a process is called output, product or service depends on the
context of the reference.

Note 2 to entry: Inputs to a process are generally the outputs of other processes and outputs of a process are

generally t

he inputs to other processes.

Note 3 to entry: Two or more interrelated and interacting processes in series can also be referred to as a process.

[SOURCE:

3.2
risk

[SO0 9000:2015, 3.4.1, modified — Notes to entry 4, 5 and 6 are deleted.]

combination of the probability of occurrence of harm and the severity of that harm

[SOURCE:

3.3

risk cont
process (3
to, or mai

[SOURCE:
3.4

ISO/IEC Guide 63: 2019, 3.10, modified — Note 1 to entry deleted.]

ol

(tained within, specified levels

ISO/IEC Guide 63: 2019, 3.12]

risk estimation

process (3
harm

[SOURCE:
3.5

ISO/IEC Guide 63: 2019, 3.13]

risk evaluation

1) in which decisions are made and measures implemented by-#hich risks (3.2) are redugd

.1) used to assign values to the probability of occurrence of harm and the severity of t

ed

nat

process (3.1) of comparing the estimated risk (3.2) against given risk criteria to determine the
acceptability of the risk

[SOURCE:|ISO/IEC Guide 63: 2019,3.14]

4 Guidance on Clauses 1-4 of ISO 11607-1:2019 and ISO 11607-2:2019

4.1 Scope (ISOA4X607-1:2019, Clause 1 and ISO 11607-2:2019, Clause 1)

4.1.1 Intent

The objective of the SCOpe 15 0 OUtTE the pUrpose of the Standard, 1t appiicabitity, as well as any

exclusions or limitations.

4.1.2 Guidance

1SO 11607-1:2019 and ISO 11607-2:2019 are “group standards” as defined in ISO 16142-111 as it applies
to a wide range of packaging types that are intended to maintain sterility of terminally sterilized
medical devices until the point of use. Group standards are horizontal in nature within the medical
device sector and are developed to address the essential principles that are applicable to a wide range
of medical devices. Furthermore, as defined by ISO 16142-1, ISO 11607-1:2019 and ISO 11607-2:2019
are also process standards. Process standards provide the requirements for manufacturers to develop,
implement, and maintain processes applicable to all stages of the lifecycle of a medical device. These
processes are typically established in the frame of a quality management system like I1SO 13485[2] or

2

© IS0 2021 - All rights reserved
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ISO 9001[3], although these standards are not a normative requirement as outlined in Clause 4 of this
document.

The scopes of ISO 11607-1 and I1SO 11607-2 apply to healthcare facilities, medical device manufacturers
and wherever medical devices are placed in sterile barrier systems (SBSs), packaged and sterilized. It
is recognized that the circumstances of the application of these documents will be different when they
are used in a healthcare facility compared with when they are used by a medical device manufacturer
OT reprocessor.

ISO 11607- 1 2019 and ISO 11607 2:2019 can also be applled by any suppllers of packagmg materials
or preformed SBSs he A i ahat t 2 ufacturer

pecific device or family of devices. Manufacturers of materials and preformed SBSs sho
indicate what is covered and not covered in their conformity statements.

ild clearly

As|a summary, ISO 11607-1:2019 and ISO 11607-2:2019 are horizontal group standards and process
stgndards applicable to several stages of the lifecycle of sterile medical packaging proyiding the
requirements for:

a) | packaging materials, preformed SBSs and SBSs (ISO 11607-1:2019, Clause 5);
b) | the development process of the SBSs and the packaging systenkincluding:

— therequired forming, sealing and assembly processes;

— the design validations;

— the process validations;

— revalidations, periodic, if applicable, and in‘case of changes;

— change controls;

— the controls during routine operations.

It 3ddresses materials, packaging, @nd also combination of packaging and device. It covers aflso sterile
fluid path packaging where the SBS functionality is integrated with the construction of the device.
IS) 11607-2 is applicable wherever a seal or closure is formed and was never intended to cover
mgnufacturing of materials.like sheets of sterilization wrap or rigid trays that are manufactured
oufside of a form-fill-seal process.

4.2 Normative references (ISO 11607-1:2019, Clause 2 and ISO 11607-2:2019, Clause 2)

4.2.1 Intent

Nofrmative references list standards which are required to understand and to apply the standard.

Thiis-clause provides the normative references to other standards that apply as well to conform with
the requirements of ISO 11607-1:2019 and ISO 11607-2:20109.

4.2.2 Guidance
Normative references are referred to in the text of a standard in such a way, that some or all of the

cited content constitutes requirements for the document. In order to be able to apply the standard, all
normatively cited references should be available to the user.

©1S0 2021 - All rights reserved 3
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4.3 Terms and definitions (ISO 11607-1:2019, Clause 3 and ISO 11607-2:2019,
Clause 3)

4.3.1 Intent

Many terms used in a standard document can, depending on the context in which they are used, have
a slightly different meaning. This clause refers to the definitions of key terms in order to clarify their
intent and meaning for the purpose of this document.

4.3.2 Guidance

The definjitions of ISO 11607-1:2019 and ISO 11607-2:2019 apply and it is recommended to-review
those along with this document. Definitions in the current editions of these documents alighwith the
definitionf in 1SO 11139:2018I41.

4.4 Quadlity and risk management (ISO 11607-1:2019, 4.1, 4.2 and ISO 11607-2:2019,
4.1,4.2)

4.4.1 Intent

This subclause introduces the need to have formal systems for quality,and’risk management to suppprt
appropriate execution and documentation of the activities describedtorconform with ISO 11607-1:2()19
and ISO 11607-2:2019.

4.4.2 Gpidance

4.4.2.1 [Guidance on quality system requirements (4.1)

A quality|management system is a formalized system that documents processes, procedures, gnd
responsibilities for achieving quality policies and\objectives.

Such a forjmal quality management systenr helps to coordinate and direct activities to meet customer
and regulatory requirements and improve the effectiveness and efficiency on a continuous basis.

Examples|of standards describing(suych quality management systems include but are not limited| to
1SO 9001[§], 1ISO 13485[2], US FDA(Quality System regulation[>6l and ANSI/AAMI ST90!Z]. Implementjng
a third-party audited quality, management system is a good practice, but not a requirement| of
ISO 11607 (all parts).

ISO 11607-1:2019 and ASQ’ 11607-2:2019 emphasise the need to formalize quality system elementq to
have appropriate control of records, design and development, product realization, measuremeits,
calibratioh, data afialysis and decisions taken to improve outcomes or to correct non-conformities. The
quality sylstem.should also consider training of personnel, change management and revalidations|as
well as supplier‘controls.

4.4.2.2 Guidance on risk management requirements (4.2)

Risks to the user and patient, defined as the combination of the probability of occurrence of harm and
the severity of that harm, are by nature inherent to medical devices and related activities and need to
be minimized.

Risk management requirements are applicable to all stages of the life cycle of a terminally sterilized
medical device, its accessories, and packaging related activities. ISO 11607-1:2019 and ISO 11607-2:2019
cover specifically the packaging life cycle phases of packaging design and development, validation and
production.
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An ongoing risk management process should be established, implemented, documented and maintained
to minimize the risk for the user and the patient. This process should include:

1y
2)
3)
4)

identification of hazards and hazardous situations associated with the packaging system,

risk estimation and risk evaluation against defined criteria for risk acceptability,
risk control,

monitoring the effectiveness of the risk control measures.

Th
of

a)

b)

NO

A1
ea

is process should apply throughout the phases of design and development, yalidation and p
he packaging system. The following life cycle phases should be included;

Design and development phase
— Packaging system design (see ISO 11607-1:2019, Clause 6)
— Sealing and assembly process development (see ISO 11607-2:2019, 5.1)
Validation phase
— Performance and stability testing (see ISO 11607-1:2019, Clause 8)
— Usability evaluation (see ISO 11607-1:2019,-7)
— Process validation (see ISO 11607-2:2019, 5.2, 5.3, 5.4 and 5.5)
Production phase
— Process control and monitoring (see ISO 11607-2: 2019, 5.6)
— Assembly (see ISO 1160%-2: 2019, Clause 6)
— Use of reusable SBSs(see ISO 11607-2: 2019, Clause 7)
— Process changes-and revalidation (see ISO 11607-2: 2019, 5.7)
— Packagingsystem changes (see ISO 11607-1: 2019, Clause 9)
TE3 1SO\14971[8] provides requirements for application of risk management to medical devices

isk mandgement plan should be documented in accordance with the risk management p
'h packaging system including as minimum

pse criteria

hat is used

roduction

rocess for

scope of the planned risk management activities

criteria for risk acceptability,

— activities for verification of the implementation and effectiveness of risk control measures.

Risk management plans for similar packaging systems can be combined, in such case the rationale
for these similarities should be documented. Risk management plans and related documentation for
packaging systems can be combined with those for the medical device.

Packaging related risk management is understood as a continuous iterative process throughout the
phases of design and development, validation and production of the product, requiring regular system
evaluation and updating. Risk management and risk-based decision making are elements of state-of-
the-art quality management.
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For further guidance on risk management and risk analysis tools during design and development, users
should refer to the following annexes of this document:

— Annex A Design and development for packaging systems - guidance for industry

— Annex B Guidance on the application of the ISO 11607 series in healthcare facilities

— Annex C Risk analysis tools — Guidance for industry and healthcare facilities

4.5 Sampling (ISO 11607-1:2019, 4.3 and ISO 11607-2:2019, 4.3)

4,5.1 In

The purpd
so thatre

452 G

Sampling
for the inf
see also Al

The key e

tent

se of this subclause is to make sure that the science of statistics is the basis of sampling plz
ults have acceptable confidence and are sufficiently reliable.

hidance

plans should be risk based (considering the safety of patient and healtheare user) and suita
ended use, in other words depending on the device or the processS-{healthcare users sho
nnex D of this document).

ements of sampling plans reflecting the risk are the following:

a. Quality level

Itis iy
in an
(mini

hportant to define what quality level is required and should be proven. This can be express
AQL (acceptance quality limit)[21%], a percentage of conforming products, a Cpy va
mum process capability index)[11] and many other performance metrics.

b. Confidence level

Unles
result
good

taken

NOTE
destry

5 a 100 % inspection is performedsthere is always an uncertainty in the outcome of t|
s based on sampling. Without having’an 100 % inspection there are always situations wher

Ins

ble
hld

ed
ue

est
ea

batch will be rejected, or a bad batch will be accepted based on the coincidence of the samplles

The level of certainty is exptessed in the confidence level.

1 A 100 % inspection without uncertainty assumes that the inspection is based on a fail-safe n
ctive test method. A 100,% inspection does not ensure that 100 % of errors will be caught.

Other factors that influence'the choice for a sampling system and related sample size:

c. Type

of test data¢/ test data format

Depemding orf\the product characteristic measured and the chosen test method, the test y

generj

ate either discrete or continuous data. These data types are also sometimes referred to

attril1ute ervariable data.

vill
as

Discrete data can only take particular values. The number of those values can be infinite, but each
is distinct and there is no grey area in between. Discrete data can be numeric, for example numbers
of particles, but it can also be categorical, for example red or blue, or good or bad, or pass or fail.

Continuous data are not restricted to defined separate values but can take any value over a
continuous range. Continuous data are numeric. Examples are seal strength, seal width, etc.

Each data type requires different suitable sampling plans. Because continuous data contains much
more information than discrete data, the required sample size for continuous data is smaller than
for discrete data if the same quality level and reliability level are required. To reduce the required
sample size for pass/fail data it can be possible to use a grading scale to produce data with greater
resolution (e.g. scoring of visual inspection of seals and ranking the results with a numeric value).
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Available process / product performance information

Information available from engineering studies, similar processes, similar products
sources can provide an indication for the process capability or product variability to be
This initial estimation can be used for sample size calculations.

NOTE 2  For example, if a process capability with a Cpy of 3 is expected, the sample size can be
for a process with an expected Cpy of 1,33.

Population composition and available samples

4.6 Test methods (ISO 11607-1:2019, 4.4 and 1S0:11607-2:2019, 4.4)

4.6.

tal

4.6

Te
bo
m6

Th
cofformity so that they produce meaningful*and reliable data and that appropriate decisid

[T 15 important to understand the dillerence between situations where the number d
is taken from a larger batch and situations where the required number of pieces) ay
manufactured for evaluation or validation purposes. The latter case could be for-device
only built in small quantities. In both cases it is essential that samples represent the fin
or the process settings that are being evaluated.

Packaging configuration

The packaging configuration (i.e. unit packages, number of SBSs_and the protective f
shipper box, etc.) needs to be considered depending on the type‘of test and purpose o
For example, distribution simulation for performance testing (see’5.26 of this document
include the entire packaging system while sealing process validation (see 6.2 through
document) may focus only on the SBS.

1 Intent

purpose of this subclause is to provide the pecessary requirements for test methods to de

ten based on the data generated.

.2 Guidance

bt methods exist to provide.measures of SBSs and/or packaging systems and packaging
th to assess suitability, for use and as a means of monitoring the manufacturing pro
thods that have statements of precision and bias are preferred, see Annex B of ISO 11607-1

:2021(E)

or other
validated.

lower than

f samples
e built or
s that are
al process

ackaging,
f the test.
) needs to
6.9 of this

monstrate
ns can be

materials,
cess. Test
:2019. Not

all
an
is

cy
an

test methods are appropriate all of the time; some test methods are most appropriate for research
] development and-others for conformity monitoring. The choice of which test method fo employ
iriven by the requirements of and applicability to the product (device and package) throygh its life
fle and should-be chosen such that the parameters probed are closely related to medical device SBS
1 /or packaging system attributes.

NOTE 1 ¢.For a guide to available tests, see Annex B of ISO 11607-1:2019.

WhetDevaluating the choice of materials for preformed SBSs or SBSs and for all validation [activities,
ISO 11607-1:2019 4.4.1 requires the rationale for the selection of an appropriate test to be established
and recorded. It is recommended to document this in a formal test plan, which will then also include
the respective acceptance criteria for the selected methods. Annex B of ISO 11607-1:2019 includes a
selection of test methods, but it is perfectly acceptable to include other test methods, if conformity with
ISO 11607-1:2019, 4.4, is demonstrated. For more information on generating a final packaging system
validation protocol for healthcare facilities, see Annex B of this document.

A critical component of the packaging validation is to define what constitutes a positive outcome for the
validation. The acceptance criteria (ISO 11607-1:2019 4.4.2) should be established prior to beginning
the validation and should be centred on delivery of the medical device to the end user in an undamaged
and sterile condition. Detailed acceptance criteria can allow for accepting specified damage to a
medical device or its packaging system. The form and content of acceptance criteria can vary widely,
in accordance with the particular situation. Methods can range from simple pass-fail judgments to
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highly quantitative scoring or analysis systems. Protocol acceptance criteria and packaging system
specifications are closely linked, though a protocol will probe more aspects of a packaging system than
are typically monitored during routine production.

NOTE 2  When providing test results to users of materials and preformed SBS in a healthcare facility, it can be
helpful to fully explain rationale for acceptance criteria thresholds.

Subclause 4.4.3 of ISO 11607-1:2019 and ISO 11607-2:2019 requires that all test methods used to show
conformity with this standard are validated. Test method validation has been interpreted in many
ways. Validation confirms, through objective evidence, that requirements for a specific intended use or
applicatiop have been fulfilled

NOTE 3 |For more information on validation of test methods, see ASTM F3263 Standard Guide for Packaging
Test Methdd Validation[12] and the SBA guidance for test method validation[13],

Test methlods that have been subjected to formal/systematic inter-laboratory studies (LLS) also knovn
as round-robin studies) are beneficial because the ILS will provide the user with a statement which in
turn provjdes some sense of the repeatability, reproducibility and in some cases the sensitivity of the
test methd.

Repeatability is a measure of the variation within a laboratory and can he due to several variables
including pperators, test apparatus, variation over time, etc.

Reproduc]bility is a measure of the variation between laboratories.
Sensitivity of the test method is a measure of the limits of the test method.

The precision and bias statement contained in an ASTM standard indicates that the test method can|be
validated; however, it is important to note that it is not validated in a new laboratory without additiohal
steps. Whien adopting an ILS test method into the laboratory, steps need to be taken to demonstrate
that the t¢st method performs in a comparable way tozthe performance in the ILS. Typically, an ILS test
report wil|l use samples of different materials that-produce measurements over the range of the test
method rgsults. While these samples are typically'not identified in the ILS, frequently, those in the trgde
can deterpnine the source of these samples. It-is-therefore possible to perform a limited internal stydy
to determijine the repeatability within yourlaboratory. This study might take into consideration factprs
such as mpiltiple operators or apparatus, etc: The results of this validation study need to be documented
(ISO 1160[7-1:2019, 4.4.3). An appropridte acceptance criterion is that the internal repeatability shopld
be equal tp or better than the ILS réppoducibility (ISO 11607-1:2019, 4.4.2).

It is not necessary to demonstfate that an integrity test method sensitivity is the same as determined
in the ILS. This can be accomplished by documenting in the rationale that the sensitivity limits| in
your laboratory are a subsét within the range of the ILS. For example, if the laboratory only performs
hydrostatjc head testing'en materials within the range of 20 to 50 units, there is no need to validate the
test meth¢d for valués-below 15 and above 60 units. However, this limitation needs to be noted and |f a
sample is ftested above or below the specified limits the test method would have to be validated within
this new rfange:

Integrity fesbmethods are key methods to be included into every validation protocol and they need to
be validated considering the expected sensitivity, i.e. the smallest hole or leak rate that can be detected
by the method or often referred to also as the precision of the test method. This is typically conducted
by producing packages with a seal channel using a wire of a known size corresponding to the targeted
sensitivity. If the method is capable to detect the simulated channel, then it is considered validated for
this established sensitivity. A rationale needs to be established for the selection of a given sensitivity.

NOTE4  ASTM test methods include a precision and bias section providing information on sensitivity of
integrity test methods

There are many acceptable test methods that have not been subjected to an ILS. These can be from the
scientific literature, national standard methods, or developed by the laboratory. The most important
issues with these tests are: demonstrating that the test is actually measuring the property intended to
be measured; determining the sensitivity and accuracy are sufficient to measure the intended property
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over the specified range of values and determining the repeatability of the test method. These can be
determined by application of the scientific process through carefully designed experiments. Again, the
results of this experimentation need to be documented (ISO 11607-1:2019, 4.4.3).

In summary, validation of test methods in a laboratory requires the demonstration through
experimentation that the test method performs as intended and is shown to be repeatable within that
laboratory. Without this validation step, the user cannot determine if the data they gather is appropriate
or not.

4.7 Documentation (ISO 11607-1:2019, 4.5 and ISO 11607-2:2019, 4.5)

471 Intent

Thiis subclause defines the documentation requirements of all records that demonstrate conformity to
ISO 11607-1:2019 and ISO 11607-2:2019.

4.7.2 Guidance
Refords demonstrating the conformity to ISO 11607-1:2019 and ISO 11607-2:2019 are requirg¢d.

IS 11607-1 requires a specified retention period for all records 'which are used to demonstrate
conformity. The retention period should be defined based en all applicable requirements such as
customer and regulatory requirements, expiry date, traceabhility, period of time expected td be in the
mdrketplace for example.

Somne records can have different retention periods than others dependant on whether alrecord is
relpted to a particular batch (e.g. seal strength of préeformed SBS) or the lifetime of the material/SBS
(e.g. training documentation and calibration certificates).

Refords and documents to be retained include-but are not limited to:

a) | performance data (methods used, values, etc.);

b) | specifications (drawings, composition, etc.);

c) | evidence of test method validations;

d)| validation protocols afid conclusions.

Algo, other data, such@sproduction data and conditions, can be considered.

Mddification of miaterials, SBSs, production methods (sealing equipment) or the intended usq require a
re¢ord of the décision and new documentation about the materials and production methods, qr revision
of the current'documentation (see also ISO 11607-2:2019, 5.7).

Dofcumeéntation and records can be in any format or type (e.g. hard copy or electronic megia). Good
re¢ording practices should be followed. Documents and records should be easily identifiable concerning
il | ! i i cgive ! isshie, author,

When electronic records are used, degradation of storage media and availability of the software
should be considered for the specified retention time. The method of storing the records should also be
considered to allow access as and if needed (e.g. audits, customer complaints or post-market follow up).
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5 Guidance on Clauses 5-11 of ISO 11607-1:2019

5.1 General requirements for materials, preformed sterile barrier systems and sterile
barrier systems (ISO 11607-1:2019, 5.1.1 and 5.1.2)

5.1.1 Intent

These subclauses introduce requirements to qualify materials, preformed SBS and SBS.

512 G

Choosing
considera
limited to

— comp
— robus

— stora

[lidance

appropriate packaging materials for a sterilizable medical device requires{ cdre
fion (ISO 11607-1:2019, 5 and 6). Aspects of the SBS to be considered include but‘are

htibility with sterilization;
tness with respect to processing;

)'e'

o

— handliing, and distribution;

— micrd
— ease (
— anum

It is advis
device. Le
a medical
use consi
asset in dd

bial barrier properties;
f opening for aseptic presentation;

ber of considerations regarding end use of the medical device.

Aving this important consideration until the end of the design process can result in delays
device being introduced into the marketplace or impose limitations on shelf life or other ¢
lerations. Manufacturers of packaging materials or medical packaging can be a signific
btermining suitable options.

Note 1 and 2 of ISO 11607-1:2019, 5\1.1 discusses use of the EN 868 series, however there is

prerequis
Consider

ISO 11607
enable red

5.2 Corn

5.2.1 Inm

te to conform with the EN"868 series in order to conform with ISO 11607-1:2019.

the environmental Aimpact of disposal of preformed SBS and SBS (see Annex D
-1:2019) which cab-include recycling. When selecting materials, consider the objective
ycling.

ditions for-production and handling (ISO 11607-1:2019, 5.1.3 and 5.1.4)

tent

This sub

ful
not

pd to include packaging system material selection early in the design process of the medifcal

in
nd
hnt

no

in
to

materials

lause prnvidnc basic rnqnirnmnnfc to be put in p]nrn in order not to Hpgrndn or dam

and/or preformed SBSs during processing.

5.2.2 Guidance

ge

As packaging materials are evaluated for compatibility with equipment and processing conditions,
consideration needs to be given to predetermined requirements which ensure consistent and reliable
production of SBSs. Depending on the properties of the material, the equipment should be designed or
adapted accordingly.

Manufacturers of materials or preformed SBSs can provide guidance based on the requirements of
these subclauses and other known issues regarding the conditions of use. For example forming and

10
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sealing parameters (as temperature, pressure, dwell time), storage conditions (humidity, temperature),
etc. under which the material and/or preformed SBS shall be produced and handled.

Materials typically have temperature range limits that have to be considered during processing. For
example, medical paper can be compatible with laser printing while nonwoven materials often are not,
as the temperature exceeds the limits for these materials.

The pressure range can be important: e.g. for sealing processes, there could be limits regarding the
maximum pressure that can be applied to the materials (concerning ISO 11607-1 5.1.4 b), downstream
use conditions such as during sterilisation and shipping can also include environmental pressure

ra

gnc/r‘hnngnc that can influence SBS and material selections. See also 592 of this doc

ment (in

Fticular the note) regarding compatibility with sterilisation methods and the rate of pressy
It can be applied.

pa
thd

Somme materials are hygroscopic and humidity outside manufacturers' recommendations
some physical properties and cause issues with material properties during processing, fo
sedling, printing or lamination. Recommendations issued by material or SBS manufacturers
followed.

So
std

me polymer materials are sensitive to exposure to UV light from sunlight or other souy
bilizers are required, care should be taken to ensure biocompatibility requirements can b

Co
std

El¢ctrostatic charging of some materials needs to be considered as it can lead to attraction o
anfl/or sudden discharges of electrostatic charges via' an operator. Electrostatic charg
controlled by installing electrostatic bars (or other(Static dissipative technologies) to rem
elgctricity into strategic locations of a packaging process.

hsideration should be given to appropriately control the leyel‘ef cleanliness and bioburd
rage, processing, and handling operations.

5.3 Source, history and traceability ofmaterials (ISO 11607-1:2019, 5.1.5)

5.3.1 Intent

Th
SB

lis section outlines the importancé of controlling materials used as input to a process to ma
Ss and the need to maintainitraceability information for follow up in case of issues.

5.3.2 Guidance

Co
as

wi
IS(

mplete traceabilitynof an SBS and/or packaging system and its components is maintained,
hn aid in determining the root cause of any non-conformances. This is a requirement when c
th 5.1.5 of 1S0-11607-1:2019 is claimed or when a quality management system like ISO

Knfowingsthe source and controlling materials is essential for producing a reliable preformed
or SBS.\In this context, it is es

1348525 Tmplemented. In some jurisdictions, it can be a regulatory requirement as well.

re change

can affect
 example
should be

ces. If UV
b met.

en during

f particles
bs can be
ove static

nufacture

primarily
pnformity
D001[3] or

SBS and/
impact on

(For more information about change control, see 5.29.)

Material verification is a key procedural traceability element to avoid material mix

assessments.

ups, like

combining incorrect top web and bottom web materials or using an incorrect polymer material for the

manufacturing of a film.
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5.4 Properties to be evaluated (ISO 11607-1:2019, 5.1.6)

5.4.1 Intent

The intent of this subclause is to be a general introduction to the key goals to be fulfilled by materials
and/or preformed SBSs to secure the appropriate functionalities expected from a terminally sterilized
medical device packaging system.

5.4.2 Guidance

The following list of general properties can be considered as a checklist of the items to be addresged
in a packdging solution selection and/or validation to ensure the intended requirements are achieved.
Documenting the review and assessment of each of these properties is the expected good prideticq to
demonstrate conformity with applicable requirements of ISO 11607-1:2019:

— Micrdbial barrier evaluation can be addressed through guidance in this document retated to 5.1.7{h),
5.2.1,|5.2.2 and 5.2.3 of ISO 11607-1:2019. Some standardized test methods, guides and procedures
that mpay be used to support this evaluation are listed in [SO 11607-1:2019, Anfiex’B (under microhial
barri¢r and microbial barrier surrogate).

— Biocompatibility and toxicological evaluation can be addressed through‘guidance in this document
relatgd to subclauses 5.1.7 a), 5.1.7 g), 5.1.9 b), 5.4 ¢), 6.1.1 and 6.2.3.1) of ISO 11607-1:2019. Some
standprdized test methods, guides and procedures that may be uséd to support this evaluation gre
listed|in ISO 11607-1:2019 Annex B (under biocompatibility).

— Physital and chemical properties evaluation can be addréssed through guidance in this document
relatdd to subclauses 5.1.7 b), 5.1.7 ¢), 5.1.7 d), 5.1.7 e), 5117 f), 5.1.9 b), 6.1.3, 6.1.4, 6.2.3 b), 6.2.3[ c),
6.2.3 ) and 8.2.1 of [SO 11607-1:2019. Some standardized test methods, guides and procedures that
may He used to support this evaluation are listed inISO 11607-1:2019 Annex B (under basis weight,
burst| chloride, cleanliness, conditioning, pH, printing & coating, sulphate, tear resistance, tengile
propdrties, thickness).

— Compjatibility with forming, sealing and.a§sembly processes can be demonstrated through guidafce
in thi$ document related to subclauses 5:1.11 c), 5.1.8 a), 5.1.8 b), 5.1.8 ¢), 5.1.9¢), 5.19 ¢), 5.1.9 f) dnd
8.1 of]ISO 11607-1:2019. Some standardized test methods, guides and procedures that may be uged
to support this evaluation are listed in ISO 11607-1:2019 Annex B (under coat weight, peel-open
charafteristic, seal strength, sterile barrier seal integrity).

— Compjatibility with intended sterilization process(es) can be demonstrated through guidance in this
docurpent related to subclauses 5.1.7 f), 5.1.7 g), 5.1.9 b), 5.1.10 b), 5.1.12 a), 5.3.1, 5.3.2, 5.3.3, 5.4{b),
6.1.5,6.2.3 1) and 1X0of1S0O 11607-1:2019. Some standardized test methods, guides and procedufes
that may be used\te support this evaluation are listed in ISO 11607-1:2019 Annex B (under Jair
permeance, bieegmpatibility, peel-open characteristic, pH, pore size, seal strength, sterile barrjier
integrity, wethurst in wet conditions, wet tensile properties).

S t-

6.1.6, 62 3, 83,1, 8.3.2, 8.33, 8.3.4, 8.3.5 836 amd 11 of 150 11607112019, Some standardized
test methods, guides and procedures that may be used to support this evaluation are listed in
ISO 11607-1:2019 Annex B (under accelerated ageing, conditioning, performance testing).

5.5 General performance requirements for materials (ISO 11607-1:2019, 5.1.7 and
5.1.8)

5.5.1 Intent

The purpose of these subclauses is to define general performance requirements on materials for
preformed SBSs, SBSs and packaging systems.
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5.1.7 outlines basic considerations with respect to the material’s sterility maintenance and medical
device protection functionalities, covering barrier and integrity performances, consistent physical
properties, non-detrimental chemical properties, as well as material safety considerations.

5.1.8 covers additional requirements related to the eventual addition of an adhesive layer on one surface
of the material.

5.5.2 Guidance

5.5.2.1 Regarding requirements for leachables and odours [ISO 11607-1:2019, 5.1.7 a)]

Pafkaging material components could migrate into the medical device (i.e. leachables) andintpract with
its|contents, which could lead to adverse effects. In the same way, medical device material components
cotld migrate into the packaging system materials resulting in adverse effects. The risk n¢eds to be
asgessed (see 4.4.2.2 for guidance on risk management) and appropriate compatibility studjes should
be|performed, as chemical leaching can cause reactions or changes of a molgeular nature 1+ such as
oxldation or crystallization of materials. Material additives (e.g. heat-seal geating components, film or
paper additives, plasticizers, slip agents, anti-blocking agents, processing, aids, polymer by{products)
shuld be checked to confirm they have not changed (sterilization, aging, etc.) or are not interacting
with the packaging system or medical device to create the opportunity for a defect. Potential chemical
interaction between the protective packaging and SBS (e.g. yellowing of the SBS due to transfer of
anfioxidants from corrugated materials or poly-liners) also shatildbe considered.

NOTE ASTM D4754[14] deals with extractables testing. 1S0.10993-13[15] deals with degradatiop products
frojm polymers.

Mdterial’s odours are usually readily evident, but it should be noted that if packs are gamma fsterilized,
odpurs related to the content which might develop;can abate when a porous SBS is used.

5.3.2.2 Regarding requirements for visible material defects (5.1.7 b) of ISO 11607-1:2019)

Vigual inspection is a valuable means ‘of monitoring material integrity to ensure that the integrity is
copsistent with the specified acceptaneé criteria. Localized thickening and/or thinning can b¢ assessed
bylensuring compliance with thickness variation specification.

—

5.3.2.3 Regarding material basis weight (5.1.7 c¢) of ISO 11607-1:2019)

The basis weight of a material is its mass per unit area. Test methods to determine basis weight include
I1S() 536[16], JIS P-8124171, ASTM D4321[18], ASTM D3776-6MI[12 and TAPPI T410[20]. EN 868I2}-26] series
specify an acceptable range of variations per major type of packaging materials.

5.3.2.4 Regarding material cleanliness (5.1.7 d) of ISO 11607-1:2019)

Reparding.cleanliness, the expectation is that packaging materials should be adequately free of dirt,
dupt,grease, and other forms of contamination (hairs, insects, etc.). Particulates can be ¢gmbedded
or [loese, foreign or bits of parent material. The level of particulate present can be controlled in a
manufacturing process by implementing appropriate contamination and cross-contamination risk
control measures at the source of the problem. Overall performance can be assessed based on specified
acceptance criteria. As applicable, specific acceptance criteria should be established by categories of
particulates or foreign materials.

Three main categories can be specified:

a) Loose particulates on the surface of the material of the SBS and/or packaging system that can be
brushed or rubbed off.

b) Foreign material resulting from the manufacturing process and embedded between layers of a
laminate or within a film, non-woven, or paper.
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c) Particulates or visually displeasing items inherent to manufacturing raw materials such as, but

not limited to, pulp shives, small particles of resins/polymers with higher-than-average molecu

lar

weight, gels or carbon particles resulting from localized excessive heat in processing. All these
derive from parents’ materials and should therefore be considered separately from process related

embedded foreign material particulates.

NOTE TAPPI Dirt Estimation Chart provides a means of measurement which can be utilized
specifying product cleanliness levels and contamination control requirements. EN 13795271 or IE

for
ST-

STD-CC1246E[28] provide methods for specifying product cleanliness levels and contamination control

requirements.

5.5.2.5 egarding material physical properties (5.1.7 €) of ISO 11607-1:2019)

The SBS ghould be capable of protecting the medical device’s sterility, efficacy, and/or fundtional
until time|of use. Physical property requirements of the SBS or preformed SBS will depend 6n the m
and the profile of the contents, the type of protective packaging (if applicable), storage conditions 3
the distribution system.

There ar¢ several factors that affect material performance. Physical properties referred to
ISO 116071 5.1.7 €) are the following:

a) Tensile strength: The tensile strength of a material is the maximum for¢e (tension) required to brg
or fracture the material and is expressed as force per unit area. ISO 1924-2[29] and ASTM D882
are ngprmally used to provide guidance on testing tensile strength. Associated to tensile streng
is elongation, defined as being the difference in length, expressed as a percentage of the origi
length, when a material is subjected to a tensile load. Typically, elongation at break is reported.

b) Thickhess variation: Thickness is the determination of asingle layer of the material using a calij
and sjoft rubber platens. This soft platen method_eliminates the surface roughness effect a
becayse the platen closing pressure is more uniformly distributed over the test area, partig
eliminates the compressibility effect. Hence,~the soft platen method is preferred when
measfired thickness is used to calculate the‘material thickness variation, for instance expresg
as “cqefficient of variation” or “relative standard deviation” (ratio of the standard deviation o
the mean p). Test methods to determiné thickness include but are not limited to ISO 534[31] 4
ASTM F2251[32],

c) Tear fesistance: Tear resistance-is‘the ability of a material to resist tearing and for the material
contiﬂle to propagate an initiated tear. Test methods to determine tear resistance include but
not limited to 1SO 1974[331/ASTM D1922[34] and ASTM D1424I[35],

d) Air pgrmeance: Air permeance is the degree to which a material admits a flow of air throug
sample. It can be méasured using a range of air leakage instruments of different types such as
Bend{sen air permieance tester (this tool measures the flow of air through a fixed area in ml/m|
or theg Gurley tester (this tool measures the time for 100ml of air to flow through a set area). Ot}
apprdpriatetest methods can be found in Annex B of ISO11607-1: 2019. This property is considet
as key to{mionitor material breathability and is expressed in pm/Pa.s as being the volume of

ity
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passipgthrough a surface area of 1m?2 under a pressure of 1Pascal during 1 second.

e) Bursting strength: This test method is designed to measure the maximum bursting strength
defined as the pressure at which a sheet (e.g. paper or non-woven) will burst. The maximum
pressure reading up to the rupture point is recorded as the bursting strength. Used as a measure

of resistance to rupture, bursting strength is determined by procedures such as ISO 2758[3¢],
P-8112[37], TAPPI T403[38] and ASTM D3786[321.

JIS

For selected properties, EN 868 series[21-26] specify acceptance limits per major type of packaging
materials. It is to be noted that these test methods to assess physical properties will characterize the
material but are not directly predictive of the performance of the completed SBS performance. Further

evaluation, such as laboratory simulated packaging system performance tests, frequently needs to
performed to assess material performance of the SBS for a specific medical device.

be
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Some other properties can be relevant and therefore should be evaluated. ISO 11607-1:2019 Annex B
and EN 868 series provide some additional properties to be specified, as appropriate.

5.5.2.6 Regarding material chemical and toxicological characteristics (5.1.7 f) and 5.1.7 g) of
1SO0 11607-1:2019)

When choosing a material for a sterile barrier or packaging system there are basic safety requirements
that should be met. The source, history and traceability of manufacturing of the used raw materials
should be known and controlled. Chemical properties should be evaluated. This will typically include
toxicity tests and the evaluation of possible chemical interactions between material and medical device
(through check of material neutral pH, Tow contents of sulfate or chloride. EN 868 serieslZ-}ol specify
anjacceptable range of variations per major type of packaging material).

Thi following should be considered and/or evaluated for packaging materials:
Presence of toxic heavy metals.

Presence of natural rubber latex.

Compliance with food packaging regulations (although not réquired by medical
regulations, this is commonly used as the first point of reference*when evaluating the toj
properties of packaging materials),

NOTE1 Examples of regulations are FDA Code 21 CFR 170/~189[40], BFR 36 XXXVI[41] and the¢
Commission Regulation No 10/2011[42] on plastic materialsé@nd articles intended to come into ¢
food.

Biocompatibility (testing is subsequently carriediout depending on the specific applicatic

NOTE 2  Guidance to assess biocompatibility can be found in ISO 10993-1[43] and ASTM F2475[

.2.7 Regarding microbial barrier properties (ISO 11607-1:2019, 5.1.7 h))

hon-porous materials, the microbial barrier requirement is met by demonstrating that th
bs not permit the passage of air,jas detailed in ISO 11607-1:2019, Annex C. In porous
terials, the microbial barrier‘can be assessed using test methods as listed in ISO 116

Annex B.

Se

5.5

As
on
ad

NO|

b also 5.8 of this document on microbial barrier properties.

.2.8 Regarding materials with adhesive coatings (ISO 11607-1:2019, 5.1.8)

the seal integrity depends on the coating pattern continuity and uniformity, attention is to
ensuring-non-occurrence of any defects such as skips, voids or breaks in the pattern of t}
hesiveadded on one side of the material.

packaging
ricological

e European
ntact with

n).

4]

e material
packaging
07-1:2019,

be drawn
he layer of

TE

arity of seal

The coat weight of an adhesive coated substrate can affect its sealability, seal strength, and adhesive
transfer (if required). Depending on the adhesive and substrate, coat weight can influence the cohesive
or adhesive failure modes of the seal during peeling, which affect the consistency of seal strength and
coating transfer appearance between two substrates. For consistent results in sealing and peeling,
the coat weight needs to be within the specified acceptance criteria. EN 868 seriesl21-26] specify an
acceptable range of variations of coating mass depending on coated substrates with associated test
methods. Alternatively, ASTM F2217[43] provides a standard practice for coating/adhesive weight
determination.
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5.6 Additional requirements for sterile barrier systems and preformed sterile barrier

systems

(IS0 11607-1:2019, 5.1.9)

5.6.1 Intent

The purpose of this subclause is to provide guidance on additional requirements for preformed SBSs and
SBSs, in order to minimize contamination and to ensure that specified seal and peel requirements are
fulfilled. The examination of the seal performance contributes to demonstrating that the seal integrity
and/or closure is effective, and that sterility is maintained until the point of use or expiry date.

562 G

5.6.2.1
Conformit

If multiplg

hidance

General
y with ISO 11607-2 is required.

types of packaging components are to be used it is important to verify that components

compatible with other components as well as the sterile contents contained inside and the intend

sterilizati

DI process.

SBS chemical constituents could migrate into the medical device (leachables) and interact with

contents,
into the p

iwhich could lead to adverse effects. In the same way medical device materials could migr
ackaging system materials resulting in adverse effects,.The risk needs to be assessed 3

compatibility studies should be performed as appropriate.

NOTE 1

Not all SBSs or preformed SBSs are intended to be peelable:

A SBS should be opened according to the manufacturing tnstructions. If there is a specific orientat

needed to
should sh

Seals sho

prevent delamination when opening, that orientation should be followed. The formed packz:
w by design which direction the packaginghas to be opened (e.g. arrow sign, shape of sea

h1d be tested for strength and reviewed to determine if the results meet the desired s

strength for the SBS. Other criteria include.peelability, seal visual attributes, and failure of materia

during op
refer to Al

NOTE 2

5.6.2.2

The prima3
two packa

ening, e.g. delamination. For glidance on how to establish sealing windows, users sho
inex E of this document.

For aseptic presentation seel80 11607-1:2019, Clause 7.

Seal strength

ry means of cHaracterizing package seal strength is to measure the force required to separ
ging componénts. Such a separation can be part of the SBS and/or packaging system desi

in order t¢ facilitated@septic presentation, or it can represent the force required to rupture a perman

(or “weld’
strength y

) seal.<Sedl strength measurements are key indicators of the sealing process. Measured s
aluesqare dependent on but not limited to:
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— then

— the set-up of the sealing equipment (e.g. sealing temperature, dwell time and sealing pressure);

— them

aterials and conditions of the sealing tool in the sealing equipment;

— the parameters of the method used to test the seal.

When determining specified seal strength values the characteristics of the materials and ability of

sealing pr

ocess should be considered.

The sealability of the material combinations under evaluation should be tested in the laboratory using a
range of conditions designed to demonstrate extremes in seal strength and quality. These seals should
be tested for seal strength and reviewed to determine if the results meet the specified seal strength

16
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for the SBS and/or packaging system. This process is typically used as a screening tool for selection
of material combinations and can be used to evaluate pre- and post-sterilization seal strength and for
determining specified seal strength values. Thereafter, seal strength measurements can be used to
monitor manufacturing and to ensure a process output is within specification limits as long as seal
strength data has been demonstrated to be a suitable monitor of the process.

ASTM F88/F88MI4¢l is the definitive test method for characterizing seal strength. ASTM F88/F88M
provides information on differences in technique. Seal strength assessed by different techniques (e.g.
F88/F88M technique A, B and C) are likely to give different results so that consistency and specification
of used technique is important when evaluating seal strength. EN 868-5[47] defines specific testing

c%ﬁfﬁmbmm%ﬁaﬂf%ﬂﬁmmmmmdmﬁtmm rable. See
Anjnex B of ISO 11607-1:20109.

5.6.2.3 Bursting strength

A means by which an entire SBS is tested, burst testing involves internally pressurizing a package and

no
pa
AS
tes
ne
is

teq

Fing the impact of that pressure on the package seals. The degradation of seals (creep), t
rkage failure (creep to burst), and the ultimate bursting strength are measurements ol
TM F1140[48] (unrestrained) and ASTM F2054[49] (restrained) test methods. While burstin
ting probes the entire SBS at once, it does not apply the force equallyto all parts of the pa
ressarily carries more variability in the observed results thantseal strength testing. Bui
more typically used for in-process control and is not considered to be a whole packags
t. When it will be used as such a control, then concurrentseal strength and burst testing

he time to
tained by
b strength
'kage, and
st testing

integrity
should be

performed at the time of validation.

5.7 Reusable sterile barrier systems (ISO 11607-1:2019, 5.1.10, 5.1.11 and 5.1.[12)

5.7.1 Intent

fainers or
minimum

These subclauses list additional requirements for reusable SBSs like reusable rigid con
reyisable woven wrap materials in order, to-ensure that these reusable components comply to
pefformance requirements during eacluse of their serviceable life.

5.7.2 Guidance

ommends
minimum

IS) 11607-1:2019, 5.1.10 gequires that for a reusable preformed SBS, the manufacturer red
reprocessing steps and-demonstrate, that when so reprocessed, the SBS will maintain the
performance charactetistics, or the end of serviceable life shall be detectable.

I1S(
fad

11607-1:2019,°571.11 details specific requirements for rigid reusable containers. For healthcare
ilities, guiddnce on application of ISO 11607-1:2019 and ISO 11607-2:2019 is given in Annex B.

Annex B also’ provides guidance on the use of sterilization wrap, as well as guidance on th
adglitional'requirements for reusable woven wrap as given in ISO 11607-1:2019, 5.1.12.

le specific

Information on further requirements on reusable sterilization containers can be found
AAMI ST77:2013/(R)2018[0] and EN 868-8:2018[21],

in ANSI/

5.8 Microbial barrier properties (ISO 11607-1:2019, 5.2)

5.8.1 Intent

This subclause provides the basic requirements for microbial barrier properties for impermeable and
porous materials.

5.8.2 Guidance

All sterilizable medical packaging materials for SBSs need to provide an adequate microbial barrier.

©1S0 2021 - All rights reserved 17


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775:2021(E)

The selection of appropriate materials will be influenced by the design decision taken under Clause 6 of
ISO 11607-1:20109.

The NOTE under 1SO 11607-1:2019, 5.2.3 refers to two types of tests, those based on microbiological
methods and physical test methods based on challenging materials with particulates, also labelled as
microbial surrogate methods in Annex B of ISO 11607-1:2019.

NOTE Whole package (SBS) microbial challenge testing is currently not standardized in any consensus
standard. In these tests typically the SBS is exposed to an aerosol challenge of a known concentration of a
known microorganism. The outside of the system is then decontaminated, aseptically opened, and a sterility
test is performed on the medical device. While proposed as an alternative to physical integrity testing, these
methods afe not particularly reliable and are technically challenging to execute and validate. When validated,
these metHods can be appropriate if they are the only possibility when physical testing is not achievablefé,g.|for
evaluating|the integrity of tortuous path closure SBSs[52],

5.9 Compatibility with the sterilization process (ISO 11607-1:2019, 5.3)

5.9.1 Irntent

Sterilizatipn processes can interact with packaging to affect its properties, and therefore its suitability
for an aplj)ication. This subclause ensures this effect is properly evaluated.

5.9.2 Guidance

The ability of SBSs to withstand sterilization processes and maintain their structural integrity as well as
other matjerial characteristics and properties is a critically important requirement (ISO 11607-1:20{19,
5.3 and §.1.5). As a result, the method(s) of sterilizationZshould be identified early so packagjng
materials) preformed SBSs or SBSs that are compatible with the sterilization method(s) can be selected.

Gaseous dterilization methods such as moist heat, ethylene oxide (EO), vaporized hydrogen peroxjde
(VH202) pr others, require pressure driven gas exchange through the SBS and/or packaging system
which car] induce significant mechanical stress on the pack. This depends on a packaging design that
is sufficieptly porous, and with the porous-afreas located in an unhindered position in the packagjng
system. If can also be necessary to provide suitable room in all additional layers of packaging| to
accommoglate SBS expansion during the sterilization cycle. These sterilization methods also requiire
elevated tpmperature and humidity,cenditions, with which the materials chosen need to be compatible.

ISO 11607-1 requires assessment-of the compatibility with sterilization processes. For sterilizatjon
methods like moist heat, EO,VVH202 or others that can create rapid pressure changes, this includes|an
evaluation that the SBS is not-adversely affected by the rate of change in pressure. This should be dgne
on the actjal process taking'into account material variability (see ISO 11607-1:2019, 5.3.2).

NOTE ISO/TS 2242% includes a requirement that the technical description for a sterilizer includef a
statement |of the maximum rate of pressure change in an operating cycle. The rate of pressure changq in
ISO/TS 22421 isexpressed as the pressure gradient calculated as a rolling average using a rate of measuremgnt
of 1 s and tjme‘interval for calculation of the rolling average of 3 s. The maximum calculated rolling average friom
at least thijeeDeplicated operating cycles is to be given. This provides some information on the rate of presspire
change that the SBSis [ikely to experience in an operating cycle but that assessment of compatibility of the SBS
with the sterilization process should be done on the actual process taking into account material variability (see
[SO 11607-1:2019, 5.3.2).

While the impact on material properties due to EO are often negligible, other methods, such as radiation
or VH202, can induce significant changes in material properties, potentially impacting packaging
stability and performance (ISO 11607-1:2019), see AAMI TIR17(33],

Initial selection of packaging materials or preformed SBSs can be made on the data and recommendations
available from manufacturers and in the public domain which approximates to the anticipated
conditions of use. However, it is imperative that the type and number of anticipated sterilization cycles
are evaluated at some point, preferably on the final SBS, including the medical device or equivalent
proxy, as part of the selection process. Evaluations of sterilization compatibility may be leveraged
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between sterile product families and packaging families based on worst case considerations or other
valid rationales (see ISO 11607-1:2019, 6.1.9). This can be the case, for example, where many similar but
not identical medical devices or combinations of medical devices are packaged in the same or similar
packaging. Evaluation of the effects of sterilization on the closure/seal integrity and opening features
of the SBS should be included. Annex F offers a more detailed review of sterilization methods and their
effects to assist with material selection.

5.10 Labelling system (ISO 11607-1:2019, 5.4)

5.1 0.1 Intant

TITTCTIIC

Thiis section governs the labelling of the SBS so that the product identification and instructigns for use
ar¢ clearly visible and readable by the end user, and that such labelling does not introduce unacceptable
risk to the SBS or its contents or potential interference with the sterilization process.

NOTE ISO 11607-1 only addresses the presence of labelling, not the specific infofmation to be [printed on
thg label. Specific expectations for labelling content will vary by region and regulatory framework and specific
regulations on label content (e.g. US FDA, European medical device regulation (MDR), ISO) apply.

5.10.2 Guidance

5.10.2.1 Type of labelling

Lapelling can either be printed directly on the packaging materials or on label stock which is then affixed
to the packaging materials. If using separate labels, spegifications for label stock should be edtablished,
copsidering similar requirements to those for SBS materials, e.g. nontoxic, abrasion resistant,clean. Ink
used should not bleed or leach onto contents.

5.10.2.2 Placement of labelling

Vigual device recognition at point of use‘is critical. Therefore, it is important to place labglling in a
pofition where it does not hinder device identification. For instance, many SBSs have a clgar side to
fadilitate device identification. If this'is the case, any labelling placed on that side should npt impede
that ability.

5.10.2.3 Ability to remain attached and intact

Lapelling should remain adhered to the substrate complete and undamaged such thaf labelling
coptent is not compromised following sterilization, and subsequent handling, distribution arld storage.
Lapelling should'be evaluated as part of performance testing/studies on the SBSs. Label printing and
adhesion canalso be evaluated during an aging study.

5.10.2.4- Legibility

In [order to satisfy legibility requirements, the printing process should be designed progerly, with
consideration given to adhesion to the substrate and potential of damage to the print or label.

a) Print design: It is important to keep in mind the attributes of the packaging materials when
designing the print. Printing in the seal area is discouraged, as it can affect the sealability of a
material, as well as the sealing process can affect the ink and/or print legibility. Labelling should
also not be placed in the seal area prior to sealing as it can impact the ability to seal consistently.

b) Print (or label) adhesion to substrate: New packaging materials to be printed should be subject
to an evaluation for printability. The printability of a material is related to its wettability or
surface tension. Surface tension measurement, whether utilizing contact angle equipment, or
dyne solutions, can be used to determine the level of surface treatment and/or the printable side
of a substrate. Some treated surfaces can degrade, which can affect their printability over time.
Poor ink or anchorage/adhesion to material can affect the appearance and legibility of print or the
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5.10.2.5 [Compatibility of labelling with sterilization process

a)

b)

5.10.2.6 Protection of sterile barrier system and contents

a)

b)

functionality of coatings on packaging materials. Since the acceptability of the degree of anchorage
is specific to each application, an acceptability criterion should to be agreed upon by user and
producer of packaging material. See ASTM F2252[54]. The amount of ink coverage, top coating or
label on a porous material can also affect material porosity and sterilization effectiveness which
should be considered when designing print or label.

Potential for damage to print/label: In order to remain legible until the point of use through the
hazards of sterilization, handling, distribution, storage and conditions of use labels should be
designed to be indelible which is also a regulatory requirement in some jurisdictions (i.e. in Europe
under the MDR) The ability to surv1ve these hazards should be evaluated These hazards can

Abradion of printed packaging material in the distribution environment can change the graphic
appedrance of an SBS and/or packaging system by scuffing, removing, or remdering piint
unreddable. In laboratory conditions, comparing abrasion resistance of surface printed materials
againpt established standards can approximate the effects during shipping and handling gqnd
distripution. For further guidance see ASTM D5264[52],

The printed surface of SBS and/or packaging system materials can_ Be)exposed to chemicals
during its life cycle. In thinking about “chemicals” it is important to consider environments of fise
wher¢ wet hands are anticipated as well as environments where fluids can be present. Exposlulre
to ch¢micals can degrade, soften, smear, and remove printing, which affects its appearance gnd
legibiity. The relative resistance to known or expected chemicals'should be evaluated. For further
guidajnce see ASTM F2250[5¢],

Sterillzation parameters: Sterilization process conditions such as temperature, humidity, chemicals
used $hould not affect the legibility of print or adlference of labels.

Sterillzation effectiveness: Labels should net'be placed in an area where they will impact the
sterillzation process, without evaluatingthée impact. For instance, labels placed on the breathaple
area ¢f an SBS when using a gas-based sterilization process can impede the flow of that sterildnt.
The effectiveness of the sterilization process should be evaluated to confirm this is acceptable.

Appligation to SBS: When*placing print or labelling on package care should be taken that this
procelss does not damage the materials. This is especially important when this step occurs affer
inserting the content, @5 the shape or composition of components can affect the ability to apply the
label fonsistently‘atrd without damage.

Handjwriting\process: Ballpoint pens or any writing instrument or printing system with the
potenltial for-creating a hole or puncture in the SBS should not be used Any handwriting on he
he

: : : : HOWH h be
on the Closure tape not on the wrapper 1tself Wr1t1ng on closure tapes or adheswe labels should
be done before applying them. Only pens with non-toxic ink that is suitable for use with the chosen
sterilization process should be used.

For further information on the process of labelling, see 6.11 of this document.
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5.11 Storage and transport of materials and preformed sterile barrier systems
(IS0 11607-1:2019, 5.5)

5.11.1 Intent
The intent of this subclause is to create requirements that materials and preformed SBSs are to be

transported and stored so that there is no degradation of those attributes that allow sterile contents
protection and preservation of sterility when formed into the fully assembled SBS.

5.11.2 Guidance

Copsiderations should be given to the various types of delivery and storage, and. varjiations in
enyironmental conditions which might be encountered when transporting and storing matgrials and
preformed SBSs.

M4gnufacturers of materials and preformed SBSs should ensure their outer transport packaging provide
adequate protection for storage and transport and advise purchasers on_appropriate stprage and
trgnsport conditions and of any known risks and ways to mitigate them. Envitronmental condjtions (e.g.
terpperature variation, relative humidity, direct sunlight or ultravioletlight) or any other ¢onditions
oc¢urring during storing and transportation can affect the properties-and functionality of thef materials
anfl/or preformed SBSs.

Mdterials and preformed SBSs, for example, need to be protected against dust and any foreign matter
that would alter their cleanliness levels, increase bioburdefip6tentially leading to a comprorise of the
mdterials usability for an SBS application.

Mdterials may be sensitive to aspects of the storage-fise condition and should be stored or cqnditioned
following the manufacturer’s recommendations.

Protection will typically be accomplished by’ overwrapping/encasing in poly wrap, light-blocking
or [metallized wrap if light exposure is acpotential risk, and /or cartons suitable for protecting the
mdterials.

Suggested storage cautions to mitigate specific risks will typically be provided by the manufacturer.
These can include statements such as do not store in direct sun light, keep dry, no excessive heat, do
nof stack, etc. Additionally, its¢an be required, depending on the conversion processes to|condition
mdterials or move them inte‘the area in which they will be processed for at least 24 hours to allow them
to reach equilibrium if they-are being moved in from a less controlled environment.

Dulring storage and.transportation, it is recommended to keep original wrapping in place and minimize
handling of materials (e.g. reels, trays, die cut lids, wrapping sheets) and preformed SBSs fo protect
theém from cont@ntination as well as from the effect of environmental conditions (e.g. relativel humidity,
dirject sunlight'or fluorescent light, temperature).

When selecting suitable storage facilities, one should consider not only environmental condtions (e.g.
tetppérature and humidity) but also ways to minimize the risk of possible physical damagel It can be
apprepriate to check the product periodically in storage to detect possible deterioration. Conkideration
should be given to administrative procedures for use-by-dates, stock rotation and lot segregation.

Manufacturers of materials and preformed SBSs can provide data as part of their supplier documentation
on retention of product attributes such as seal strength if applicable, material strength (e.g. tensile,
tear, puncture), or performance characteristics (e.g. barrier properties, optical properties, sealing
performance) for real time aged materials and preformed SBSs stored in specific storage conditions or
after accelerated aging.

While the user of materials or preformed SBSs should consider this data in determining their own
required storage conditions, it is important to realize that the conditions in these studies do not always
exactly mirror the storage and transport conditions at the medical device manufacturer or in the
healthcare facility. Deviations from the conditions utilized by the manufacturer should be evaluated by
the user to determine that they will not cause degradation of the materials or SBSs.
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The requirements of 5.5 of ISO 11607-1:2019 apply to materials and preformed SBSs. Once the SBS is
filled and fully formed/sealed and placed into a packaging system, the storage and transport conditions

are evaluated by the user (medical device manufacturer or healthcare facility) in accordance w
Clause 8 of ISO 11607-1:2019 on packaging system performance and stability.

5.12 Design and development (ISO 11607-1:2019, 6.1.1)

5.12.1 Intent

The highest priority of the development of a medical device packaging system is to systematica

ith

minimize the risk to the healthcare user/patient.

5.12.2 Guidance

The intenit of this subclause is to minimize the risk through appropriate design and, developm
covering the fundamental functions of an SBS, i.e. allow for sterilization, protect the dontents, maint
microbial|barrier and allow for aseptic presentation.

Different Jurisdictions can define the need to minimize risk slightly differently)for example requir
minimizirg the risk as far as possible or as low as reasonably possible wihich obviously changes
requiremg¢nt. In some jurisdictions like the EU, it is required to minimize the risk for the specif
intended fise and/or the reasonably foreseeable misuse.

Guidance pn risk management is provided in 4.4.2.2 and Annex C oflthis document.

As a minimum the following aspects that apply to all packaging systems, components and materi
should be|considered when assessing risks:

a) they should be made of known and traceable materials with processes capable of meeting
requifements of ISO 11607-1:2019 (see requirements in ISO 11607-1:2019, 5.1.3, 5.1.4 and 5.1.5);

b) they ghould be non-toxic (see requirements in1SO 11607-1:2019, 5.1.6; for guidance see 5.5.2.6);
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NOTE If the SBS or associated componénts contain natural rubber latex, the SBS should be labelled

indicafing natural rubber latex is present.

c) there|should be documented evidence that the ingress of microorganisms can be prevented wh
demohstrated under test conditions which consider sterilization process, handling, distributi
and storage for sterility maintenance up to the point of use (see requirement in ISO 11607-1:20)
5.1.6 and 5.2, 8);

d) they $hould have a démonstrated ability to meet the required physical properties for materi
and closures (such+as weight or grade, seal width and seal strength), resist tearing or punctu
be capable of ©pening or peeling in a continuous and homogenous manner, without delaminat
tearing (see requirements in ISO 11607-1:2019, 5.1.7 and 5.1.9);
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on,
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e) they phould be compatible with the intended sterilization process and parameters capable

of

pI'OdL cing a sterile medical device (see requirement in IS0 1160/-1:Z01Y, 5.5];

f) they should be compatible with the labelling system; if present, have colour fast printing inks that
do not degrade, fade or become illegible after exposure to the intended sterilization process (see

requirement in ISO 11607-1:2019, 5.4);

g) theyshould be protected from the effects of environmental conditions (e.g. relative humidity, direct

sunlight or fluorescent light, temperature) during storage and distribution (see requirements
[SO 11607-1:2019, 5.5 and Clause 8);

h) they should allow aseptic presentation (see requirement of ISO 11607-1:2019, Clause 7).

in
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5.13 Aseptic presentation (ISO 11607-1:2019, 6.1.2)

5.13.1 Intent

The contents of the SBS are to be dispensed without compromising sterility of the device.

5.13.2 Guidance

At the point of use, the user needs to be able to remove the contents from the SBS without compromising
sterility.

Aspptic presentation is the transfer of sterile contents from its SBS using conditions and pfrocedures
that minimize the risk of microbial contamination.

Toladequately minimize the risk of microbial contamination during aseptic presentation, the packaging
system designer needs to focus on the opening features of the packaging system considering the
specific application in the healthcare environment. Hence, it is essential to_ understand as much about
th¢ customer and the environment of the customer as possible in order to,desSign an effective packaging
sygtem.

An|assessment of customer requirements should at a minimum include’the following:

a) | Customer: It is important to understand who will be usingthe packaging system. For a terminally
sterilized implantable medical device, this is often an gperating room technician, however, it could
also be a variety of personnel in a number of circumstances. Understanding as much [about the
customer as possible will help the design decision-making process.

b) | Customer environment: Determine the use eénvironment where the SBS will be opened. For a
terminally sterilized medical device this is dsually an operating room or healthcare enyironment
but can be a home care environment as:well. This can often be a high stress environment; steps
should be taken to ensure that using the*packaging system does not add to the stress lgvel in the
use environment.

NOTE The number of ‘sterile batrier layers’ can affect the ability to present a medical device fseptically.
The selection of a single sterile barrier or a double sterile barrier can be based on the end usg¢r needs or
the risk of the device. See 5.22 of this document. In some healthcare facilities, sterile goods arg stored in
location where SBSs and packaging systems can be exposed to dust. In such case, packaging systems should
be designed to allow end usérs to remove the protective packaging before entering the sterile efjvironment
(i.e. operating room)-tg reduce risk of contamination at point of use (see also 5.17.2 in this dofument for
additional guidance)-

c) | Ease of opening? The SBS should be easy to open in order to allow for the medical dejice to be
dispensed<aséptically. This is fundamental for sterile medical device packaging. If the SBS is
difficultte open, the likelihood of contamination increases. If applicable to the packaging design or
typexthe’following hazardous situation should be considered:

~\ opening at the wrong end or taking the device from the wrong end;

— not having enough room to grab the opening notch for the lid;

— peel force too high or too low;

— tearing of top or bottom web;

— handling difficulties with large or small size packaging as well as large and/or heavy device;
— handling sharp devices;

— top or bottom web curling inwards so that the device is contaminated;

— opening too small;
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— particulate or fiber release during opening;

— device notbeing secured and moving during opening so that the unsterile edge of the packaging
is touched;

— difficulties of pulling device from its snap-fit feature of the packaging;

— not having enough room for the gloved fingers to grab the device;

— difficulties of holding the packaging during opening;

_ notheimeb th 4t . PR ——— FsoS5-t70fthis

dpcument).

Depering on the packaging design or device, additional hazard or hazardous situation could|be
identified during the risk assessment.

d) Mediqal device identification: Consider any medical device identification requirements specifid to
the cystomer needs, or that will help the customer in the use environment.

Clause 7 ¢f ISO 11607-1:2019 provides step by step guidance on performing usability evaluation [for
aseptic presentation.

5.14 Physical protection (ISO 11607-1:2019, 6.1.3 and 6.1.4)

5.14.1 Irntent

The intenf of 6.1.3 and 6.1.4 of ISO 11607-1:2019 is to des¢pbibe the main design input requiremepts
for the parkaging system and the protective packaging in‘order to protect the sterility of the contents
inside the|SBS until point of use.

5.14.2 Guidance
This standlard uses three terms:

1. Sterilg barrier system (SBS) —. minimum package that minimizes the risk of ingress| of
micrdorganisms and allows aseptic presentation of the sterile contents at the point of use;

2. Proteftive packaging — configuration of materials designed to prevent damage to the SBS and|its
contepts from the time of their assembly until the point of use;

3. Packdging system —combination of a SBS and protective packaging.

The packaging systém:is to be considered the combination of the SBS and the minimum necessary
protectivg packaging for the product to be distributed safely to the end user until point of use. For
example, fargo-containers and pallets, or, transfer cabinet used in healthcare facilities (even thoygh
they can Qe considered protective packaging) are generally not to be regarded as part of this minimyim
level of protective packaging. They are considered transport accessories. The packaging system dan
have one, two or more layers of unit or user packaging.

The protective packaging is usually additional layers of packaging outside the SBS. Protective packaging
can also be protective components or materials inside the SBS. For example, if the medical device is
sharp or has sharp points or edges, these can be shielded with protective materials to keep them from
puncturing or interfering directly with the SBS or help keep the device in a fixed safe location inside the
SBS.

When designing the different components in the packaging system, consideration should be given to the
conditions and environment throughout the packaging lifecycle (sterilization, thermal and mechanical
hazards from handling, distribution, storage, etc.).

For detailed inputs to the design phase, see Annexes A and B of this document.
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5.15 Sterilization compatibility (ISO 11607-1:2019, 6.1.5)

5.15.1 Intent

The SBS must be compatible with and allow for product sterilization. This encompasses the entire
packaging system that is processed through sterilization.

5.15.2 Guidance

Annex F of this document discusses the details of selecting materials for compatibility with the
stdrilization process.

The sterilization process for the medical device should be understood prior to designingthe packaging
system. Knowing the sterilization process will help guide key decisions regarding the materials of
construction for the SBS. Additional information on sterilization process requirements and yeferences
can be found in Annex F of this document.

Subclause 5.9 of this document includes guidance on sterilization compatibility and contains more
detail on material compatibility requirements detailed in ISO 11607-1:2619, 5.3.

5.16 Maintenance of Sterility (ISO 11607-1:2019, 6.1.6 and 6.1.7)

5.16.1 Intent

ISQ 11607-1 requires the SBS to maintain sterility until the point of use or expiry.

5.16.2 Guidance

5.16.2.1 Handling, distribution, and storage guidance

Thee packaging system designer shouldurderstand the stresses imposed upon the packaging system
through its total life cycle. These stresses include all factors of handling, distribution and st¢rage. The
requirements for these environments are determined largely by the type of medical devide, type of
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rkaging system, sterilization. process and the type of distribution. A thorough underst

anding of

se factors will help to addyess all pertinent medical device protection requirements. The sterility

intenance will help tq define the appropriate sterile barrier and packaging system
dence that the ingreSs, of microorganisms can be prevented is demonstrated under test
ich consider sterilization process, handling, distribution and storage.

materials.
ronditions

assessment of handling, distribution and storage requirements should at a minimum include the

owing:

Storage:“A thorough assessment of storage environments should be conducted. This a
should include the storage environments at the manufacturing facilities, the distributi
and of the end users. The key factors are space limitations, stacking or shelving issue

ksessment
n centres
s and the

b)
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temperature/umidity exposures—Thestorageenvirommentof the—emd—userscanbedifficult to
quantify. However, at a minimum there should be an understanding of any variability of how the
end user will be storing the medical device. This could include storage at a healthcare facility, at a
regional centre, or medical devices being carried between clinical sites by sales force personnel.

Distribution/transportation: An assessment of the distribution environment should be conducted.
A complete evaluation of a distribution environment can be time consuming and costly, however,
there should be a basic understanding of the factors involved in distribution in order to design a
cost-effective packaging system. Determine basic factors such as the transportation means used
to move medical devices between: the manufacturing facility; the remote or contract sterilization
facility (if applicable); the distribution centre; and the customer. Distribution assessment should
also consider any distribution by the customer. The methods of accomplishing these medical device
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movements are critical design inputs. Product distribution could include multiple transportation
episodes, such as the return of a partially utilized kit of devices to the manufacturer.

Handling: An assessment of medical device handling should be completed. This assessment includes
several factors from the manufacturing, distribution and customer environments. Medical device
protection requirements are often directly related to how the medical device is handled, whether
it is manual handling or machine handling. The means by which the medical device is handled is
often determined by the packaging configuration, whether it is a single unit or a palletized unit,

and how it arrives at the point of use.

When theuse-conditions are prnpnrly defined for the par‘]zaging cycfpm’ these conditions should then

be accurately accounted for in the performance and stability testing. Contents will be sterile as lohg
sterile bafrier integrity is maintained. Clause 8 of ISO 11607-1:2019 (specifically, 8.2 and 8.3) centa
requiremg¢nts on the validation of packaging systems with consideration to the conditions of.use.

5.17 Requirements for multi-layer packaging (ISO 11607-1:2019, 6.1.8)

5.17.1 Intent
The end yser needs to be able to recognize the layer of packaging that is.the sterile barrier in or

to apply proper handling techniques when using the packaging system*“in"particular during asep
presentatjon.

5.17.2 Guidance

There cap be circumstances where it is difficult to differentiate between a validated SBS (:
ISO 11607-1:2019, 9.1) and protective packaging that looks like an SBS. In these circumstances

labelling ghould include an indication to identify the SBS(s). In instances where two layers of packag
appear similar, an indication to the end user if layerstare an SBS can assist in determining the proj
handling/dispensing techniques.

NOTE A set of SBS symbols have been validated-by the Sterile Barrier Association (SBA). A summary of
validation feportis available on the website of the.SBA as well as guidance how to use the symbols. The validat
demonstrated good comprehension, usabilitysand memory for the symbols which means that healthcare us|
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widely understand the symbols, take the correct actions and memorize the meaning. The symbols are included in

1SO 7000[5f] and are available via the IS8.@nline Browsing Platform. (example: Double SBS: https://www.iso0.0
obp/ui/#igo:grs:7000:3704). ISO 15223-1158] has been revised and published in July 2021 with new symbols t
have been fdeveloped to deal with-thelabelling requirements of the medical device regulation (EU) 2017/745
including the new SBS symbols: Fhe plan is that EN ISO 15223-1 will be harmonized with the MDR. Use of
indication fo mark the SBS such.that it can be recognized as such is now required by the MDR.

The use of symbols toecognize the SBS(s) should be considered when applying risk management
usability. [[he symbolg-help the user understand the packaging configuration at the point of use and
such contfol the _risk of unintentional contamination of the sterile field. Risk management can be
basis to decideswhich layers are to be labelled and which not. The usability evaluation (see 5.22 of t
document]) should demonstrate that the labelling system is adequate and correctly interpreted.
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For healthcare facilities, attention is drawn to protective packaging called “transportation wrap” only
featuring mechanical protection without microbial barrier. To avoid any confusion or misuse, sheet

colour coding can be an acceptable practice of recognition indication of a sterile barrier layer.

An

example of this is when packaging reusable medical devices, a double wrap package made of two layers
of breathable webs is used. Each of these sheet layers can be of a different colour. The personnel in the
healthcare facility are trained to know that the external one is always of a pre-set colour and is a “dust

cover” to be removed prior entering the operating room.
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5.18 Packaging families (ISO 11607-1:2019, 6.1.9)

5.18.1 Intent

:2021(E)

It can be an efficient and cost-effective way to develop a packaging system family by using the worst-

case device/packaging system combination to validate the design.

5.18.2 Guidance

When determining and assessing the packaging system, thought should be given to ather
system designs and medical devices that require validation. Many times, similar. medicg
comprising a “product family,” can be validated together, where package mdterials,
mdchinery, sterilization processes, and other aspects of the medical device usé and life cyq
same or similar. Choosing a device/packaging system combination that répresents a “w
example can be advisable, in order to ensure that less demanding variants-of the SBS and 3
mgdical device are covered. In all such cases the protocol should include-the rationale for this
It is also sometimes possible to leverage existing packaging systemsfor/medical devices to 1
bufden associated with the validation protocol, or to validate a worstscase scenario that cover
pafkaging system/medical device combinations. Medical devices with similar physical dimen
or [packaging system configurations similar to validated struefures can provide the basis f
raflionale to limit the amount of testing required to establishyefficacy of an SBS.

5.18.2.2 Packaging family considerations for healthcare facilities

A ¢gommon SBS can be used to pack and protect a variety of tray families (i.e. trays compose
of similar reusable medical devices but not identical) used in the operating room. The wo
established by identifying the tray(s) that apply the most stress to the packaging system. The y
copfiguration can be the bulkiest, heaviest;the sharpest or the densest set of reusable items
in p given size tray. Often, the determination of the worst-case configuration is clear. Howevg
cages it can be necessary to test more’than one operating room’s tray to ensure that the
system has been fully challenged.

T

=

e determination of the worst=case scenario can also encompass the review of:
having the reusable-medical devices oriented to facilitate aseptic presentation or not;

having the sharp.items shielded (so that the healthcare user is protected from injury af
and medical device is protected from damage) or not;

having asseciated components used inside the SBS in order to ease or facilitate the org

packaging
1 devices,
packaging
le are the
orst-case”
issociated
approach.
educe the
s multiple
bions and/
or a valid

d by a set
st-case is
vorst-case
prganized
I, in some
packaging

1d the SBS

anization,

drying'ep aseptic presentation (e.g. inner wrap, instrument organizer tray, absorbent tra
a containment device around the medical device) or not.

Pr

liners or

pperly characterizing and evaluating the worst-case configuration will ensure that the othpr trays in

the same category will be appropriately protected by the packaging system. Often historical data exists
for already selected material combinations. Therefore, capitalizing on this available information can be
supportive of determining if it is an appropriate solution to be also used on additional configurations /
sets of reusable medical devices of the same family.

ISO 11607-1:2019 addresses “worst-case” in three areas and in each case, it means something slightly
different. In order to correctly interpret and apply these subclauses dealing with worst-case, it is
important to understand the terms that are used.

5.18.2.3 Worst-case configuration — Medical devices

Within medical device product families (i.e. medical devices that are similar but notidentical), a common
SBS can be used to protect a variety of medical devices. The worst-case is established by identifying the
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medical device(s) that apply the most stress to the packaging system. The worst-case configuration
can be the bulkiest or heaviest item in an otherwise common group of medical devices or an item
with the greatest number of fitments or other medical device features. Often, the determination of the
worst-case configuration is clear. However, in some cases it can be necessary to test more than one
medical device (e.g. the heaviest medical device as well as the medical device with the most fitments)
to ensure that the packaging system has been fully challenged. This is especially important when
device functionality is also tested with the packaging system. Properly characterizing and evaluating
the worst-case configuration will ensure that the other medical devices in the product family will be
appropriately protected by the packaging system. Alternatively, a worst-case device which is not a
commercial configuration but a combination of other worst-case device features, intended to present
the maxinfium challenge to the packaging system, can be used.

Packaging systems can be designed to contain a range of product, SBS, and product literatyre
configurations. Often this leads to dramatic differences in the weight, or the headspace present within
a packagipg family. For example, a lighter mass configuration can have more headspdce-present] in
the proteg¢tive packaging, leading to damage to the SBS. Or, a heavy mass configuration ‘can minimjize
headspacg¢ limiting movement but create different opportunities for SBS damage. In\some cases, the
idea of brpcketing can be employed to test extreme ranges within a packaging¢system, such thatjall
configurations that fit within that range can be included by equivalence.

Alternatively, for performance testing, a worst-case device which is not a setlable configuration byt a
combination of other worst-case device features, intended to present the'maximum challenge to the
packaging system, can be used.

5.18.2.4 Worst-case — Sterile barrier system

system pdrformance testing, “Performance testing shall be.conducted on packaging systems compriged
of the warst-case SBS as well as the worst-case protective packaging.” Nominal sealing paramefter
settings gre acceptable but should be justified for package performance testing. There are two
predominpnt approaches to addressing the key issues of this subclause.

Additionaidirection regarding worst-case testing is providéd in ISO 11607-1:2019, 8.2.2 on packaging

The first pnd most common approach utilizes sourcing preformed SBSs manufactured using a fylly
validated [process. SBSs that have been produced as lots run at typical operating conditions within the
validated window are tested and evaluated. By choosing an appropriate sample size from multiple Ipts
(typically|three), one can normally befassured, at a given confidence level, that the full range of package
character|stics (e.g. seal strength) have been represented. Hence, sample size selection (see 4.5 of this
document) and number of lots to, be evaluated are important components of the documented rationale.
Numeroug reference materials-exist to assist in sample size determination.

The second approach inyolves producing SBSs at the worst-case conditions of manufacture, generglly
the extremes of the validated window. In some cases, SBSs can be produced at the lowest validated
temperatyre, the lowest validated pressure, and the shortest validated dwell to yield SBSs with the Iqw-
end worst-case seal’quality. Typically, the parameters used to establish the Operational Qualificatjon
(0Q) are ysed teproduce the SBSs needed to assess the packaging system performance. This approgch
should be|used when there is documented data that supports the seals are a lower strength than the
nominal comditiorn:

The approach to achieving conformity to ISO 11607-1:2019 will vary between medical device
manufacturers, but in each case the approach chosen should be supported by an appropriate rationale,
to be included in the documented package validation protocol. The choice will be dependent on
corporate risk policy and economic considerations.

5.19 Design process (ISO 11607-1:2019, 6.2.1)

5.19.1 Intent

Following a documented design process is intended to be part of the systematic approach to ensuring
the safety of the packaging system.
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5.19.2 Guidance

The procedures for the design and development process of packaging systems should consider the
aspects described in 5.20 of this document.

NOTE This is applicable to medical device manufacturers, manufacturers of medical packaging and
healthcare facilities.

Choosing an appropriate packaging material for a sterilizable medical device requires careful
consideration. It is desirable to include packaging system development early in the design process of
the medical device. Leaving this important consideration until the end of the design process can result
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Helays in a medical device being introduced into the marketplace or impose limitations.o
other end use considerations. Manufacturers of medical packaging can be a significantr
ermining suitable options.

dical device manufacturers are directed to Annex A of this document, which/provides in
relevant processes and practices.

nlthcare users are directed to Annex B of this document, which providés information o
cesses and practices.

e use of contract packagers if applicable should also be considered-during design. More g
ilable in Annex G of this document.

20 Design inputs (ISO 11607-1:2019, 6.2.2 and 6:2.3)

0.1 Intent

ese subclauses require the design owner toconsider the physical characteristics of th
bign inputs related to the end user needs,-the use conditions, and the use of materials m
brequisites of [ISO 11607-1:2019, Clause 5.

0.2 Guidance

0.2.1 General

set of design inputs should’be developed prior to considering materials and/or packagi

bign. These will be pwsed in assessing the materials and/or design. Design inputs are
m end user needszand intended uses. This information will come from end users, en

ributes, medi¢al device protection requirements (e.g. barrier to light, oxygen, and conta

nufacturing, matketing, regulatory, etc. Some examples of design inputs are medical devid
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b product,
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sales unit configuration, sterilization process, distribution, handling, and use environment.

Heplthcare:iSers are directed to guidance provided in Annex B of this document.

5.20:2.2 Design inputs — medical device attributes

Before the design of a packaging system for a terminally sterilized medical device can begin, it is
critical to examine all attributes and requirements of the medical device, which could affect the design
of the packaging system. The best way to accomplish this is for those responsible for the design of
the packaging system to be involved in the overall product development at an early stage. Obtaining
the pertinent information required to begin the design process should be a cross-functional activity
requiring input from a number of organizations. These organizations include but are not limited to
engineering, manufacturing, marketing, and regulatory.

At a high level, design inputs can be thought of as product attributes and product specific requirements.
Product attributes are generally the physical characteristics of the medical device, which will need
to be contained. They can be divided into several categories, like product protection requirements,
manufacturing requirements, sterilization process requirements, handling, distribution and storage

©1S0 2021 - All rights reserved 29


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775:2021(E)

requirements, marketing requirements, budget requirements, customer requirements and regulatory
requirements.

Each of these categories are addressed in Annex A of this document to provide baseline guidance for
gathering design inputs prior to designing a packaging system for a terminally sterilized medical device
product.

5.20.2.3 Product attributes

The first phase of gathering design inputs should involve analysing medical device attributes. These are
the physiqatcharacteristics of the medicatdevice that witthetpguide somrebasic decisions Tegarding
what typd of packaging system is necessary for containing the medical device.

Physical characteristics include but are not limited to:

a) Size: [he dimensions of the medical device should be understood, including length, width gnd
diameter of the medical device and all accessories that will be part of the total medical device.

b) Weight: Determine the total weight of the medical device and all accessories’to be packaged.

c) Centrp of gravity: Determine whether the medical device is balanced~or offset; this will help
determine the orientation of the medical device in the packaging system:

d) Profile: Determine the profile of the medical device and all accessories.

e) Sharp edges/points: Determine whether there are any sharp.edges or points on the medical devfice
and afcessories that could damage the SBS. Also, determine)if the end user, or person opening the
packdging system, needs to be protected from any sharpiedges or points on the medical device gnd
accessories.

f) Surfage characteristics: Determine if the surfacé’of the medical device or accessories have gny
special protection requirements. For example,.itis possible to have a medical device that is coated,
a medical device with a rough surface that'could abrade sterile barrier materials, or a polished
medigal device that could be scuffed by the'sterile barrier materials.

g) Shelfife: It is important to understandif the medical device has an expiration date. This will gujde
the d¢velopment in the planning/execution of stability testing of the packaging.

h) Ability to reconfigure: Deterrhine whether or not the medical device can be manipulated in order to
fit in the packaging systeni. Some packaging systems require the medical device to be placed in the
packdging system in a specific orientation. The ability to reconfigure the medical device is often|an
opporftunity to decrease the size of the packaging system.

5.20.2.4 Medical device protection guidance

One of thg mainfunctions of a packaging system is to protect the medical device up to the point of use.
In order tp design a cost-effective packaging system, an assessment of the medical device sensitivitfies
should belconducted. These sensitivities, along with factors such as the processing in manufacturing,
sterilization, and handling in distribution and at the point of use will aid in determining the overall
medical device protection requirements. Understanding these requirements will help to make decisions
regarding material selection for both the SBS and the protective packaging.

An assessment of medical device protection requirements should at minimum include the following:

a) Temperature sensitivities: Determine if there are any limitations on the exposure of the medical
device to temperature extremes. This could determine whether or not the medical device will
require a controlled environment during distribution.

b) Humidity/moisture: Determine if there are any limitations on the exposure of the medical device
to humidity extremes or moisture. If a device is sensitive to moisture, the packaging can provide a
barrier or resistance to moisture ingress.
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Light: Determine if there are any limitations on the exposure of the medical device to ultraviolet

(UV) or visible light.

Oxygen: Determine whether the medical device is sensitive to oxygen.

Shock forces: Determining the amount of shock the medical device can handle in the absence of
packaging will help determine the amount of shock protection required from the packaging system

(e. g. force resulting from drop/impact). It is also important to understand if the medi

cal device

is more susceptible to shock forces in a particular orientation. Healthcare users should refer to

instructions for use for more information on this topic.

f)

g)

Se
ted
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do

5.7

5.2

When sterile fluid path assemblies are considered an SBS, they are to be identified as such :

ke)

5.2
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Vibration: Determine if the medical device is sensitive to vibration. It is often helpful in th
a packaging system to know the resonant frequency of the medical device; this will hielp
the amount of protection required.

Duration: the amount of time the medical device needs to be protected by the/SBS and/or
system.

e Annex C of this document for the use of FMEA (Failure Mode and EffectAnalysis) or risk ma
hniques to address risk of the product and/or packaging system.

plthcare users should refer to the handling, distribution and storage checklist in Annex
cument.

21 Sterile fluid path (ISO 11607-1:2019, 6.2.4, 6.2;5)

1.1 Intent

 requirements.

1.2 Guidance

rile fluid path packaging is defined as the system of protective port covers and/or
bigned to maintain sterility of the portion of the medical device intended for contact with f]

TE For example, the infepior of the tubing for administration of an intravenous fluid needs t

rile fluid path packaging is typically closed with tortuous path closures. Examples of cl
r caps, spike caps;drip chamber caps, etc.

terile fluidpath is a special case when it comes to an SBS, which is why there is a specific
SO 11607+L In a sterile fluid path system, fluids flow through a lumen. The critical chara
1t the inside of the tube is sterile. This contrasts with a typical medical device, where is it c1
outside of the instrument is sterile. The sterility of the sterile fluid path system is maif
tlosure system of the fluid path, and it should be demonstrated that the closure system

e design of
letermine

packaging

nagement

| H of this

ind follow

packaging
luids.

b be sterile

sures are

definition
rteristic is
itical that
itained by
maintains

sterility unfil point ot use. Sterility validation 1S usually conducted by eXposure to an aeroso

followed by sterility testing of the lumen.

of spores

Simulated distribution (e. g. shock and vibration) should be done to assure that the integrity of the
sterile fluid path remains intact, i.e. closures do not fall off or become loose. Acceptance criteria for the
integrity of the sterile fluid path closures should be developed.

As many sterile fluid path systems are packaged in pouches, a common SBS, it is important to determine
in each case what (e. g. the pouch or the closures such as luer cap, spike caps, etc.) is providing the
sterile barrier and to make sure that the package is labelled accordingly. Without such labelling an end
user could assume the pouch is providing the sterile barrier. If the sterile fluid pathway is labelled as
such, then the pouch enclosing can be considered protective packaging and validated as part of the
packaging system.
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Figure 1 — Sterile fluid path symbol — ISO 7000-3084
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sterile flujd path within the medical device in cases when other parts of the medical device, includ
the exteripr, might not be supplied sterile.

To make qure the end users understand the function of a pouch containing the sterile fluid path, if
recommemded to use the symbols referred to use the symbols referred to under 5.17 of-this document.

NOTE 1SO 15223-1[58] includes symbols for SBSs (see also 5.17.2 of this document).
Some exaples of sterile fluid path products include:
— Collegtion devices: drainage bags, vials, syringes.

— Admihistration devices: feeding bags, syringes.
5.22 Usability evaluation for aseptic presentation (ISO 11607-1:2019, 7.1, 7.2 and 7.3)

5.22.1 Intent

The intent of these subclauses is to describe spegcific requirements for a usability evaluation
demonstrpte that an SBS allows for aseptic presentation.

5.22.2 Ghuidance

The SBS should facilitate an adequate opening performance in order to allow for the medical device tg
dispensed aseptically to reduce the risk'ef microbial contamination of the contents. Usability evaluat
is intendefl to address these risks and/demonstrate effective risk control. This is fundamental for stef
medical device packaging. If the SBS is difficult to open, the likelihood of contamination can increg
When a sterile medical device is.contaminated, it should not be used. Seal fiber tear is an example of
opening defect that could bé\censidered a source of contamination by a healthcare user.

The usabllity evaluation/may be conducted in real or simulated environments. ISO 11607-1:2(
requires that the study-give consideration of the different end users, for example:

— Healthcare.environment: trained personnel for opening SBS, trained in sterile field, experienc
accusfomnied to several different SBS forms. The study can consider a healthcare user with minir
trainingand/or experience.

— Home environment: lay person, no training, potentially no experience opening these sorts
packages. Patients could have limited strength and dexterity limiting their ability to easily open
SBS.

The following practices can be employed to create a robust usability evaluation:
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a) The evaluation should address the hazardous situations that have been identified in the design

process for aseptic presentation following the requirements under 5.13 c) of this document.

b) Evaluation participants should represent end users, and should wear appropriate surgical/clini
attire, as applicable.

c) Attributes of the use environment should be represented in the evaluation.

cal
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Observe and document participant behaviour to assess participants’ adherence to the instructions

and to identify errors/problems.

Afterwards, ask the participants about difficulties, problems or hesitations, and for
regarding unclear instructions (wording/symbols/graphics) in case instructions for use
used. Validate significant changes to the instructions.

feedback
are being

It is recommended to include potential use scenarios not aligned with the intended use by the

designer/manufacturer (intentional or unintentional misuse of the SBS, abnormal use as
IEC 62366-1[601), This could also be a regulatory requirement in some jurisdictions.

defined in

Us
de

NO|

5.

5.2

It d
cas

5.2
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ap

hbility evaluations for aseptic presentation can be done together with usability evaluatig
Vices, and sample sizes can be aligned.

TE Reference IEC 62366-160] for further guidance.
.3 Leveraging usability evaluations (ISO 11607-1:2019, 7.4)

3.1 Intent

an be an efficient and cost-effective way to evaluate the usability'ef'SBS families by using
e configuration to evaluate the design.

3.2 Guidance

s common for both manufacturers and healthcaré<facilities to utilize similar SBS conf
families of products that are similar. In these sit@fations, organizations can embark on a
broach by grouping SBSs that can be considered équivalent based on a number of factors. Sy

colild include:

a)

b)

For

ev
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va
md

5.7

multiple sizes of preformed SBSs that.are common to industry (e.g. chevron opening, cq
etc.);

multiple sizes of rigid SBS (tray/ld) in which the means of opening and dispensing of th
present an equivalent risk of eontamination (e.g. same clearance for a gloved hand to pick
hluation of the usability\for aseptic presentation.

nufacturers shouldreview the impact on aseptic presentation in case of design changes to
5t market surveillance can be a data source for understanding the usability of the mar}
torical datagan’ often be leveraged when adopting a new but similar product into an es

nufactufreys.

. 4- Usability evaluation failures (ISO 11607-1:2019, 7.5)

ns for the

the worst-

gurations
h efficient
ch factors

rner-peel,

e contents
contents).

legacy SBSs that have (been in the market, historical data can be leveraged to docyiment the

he device.
reted SBS.
fablished/

idated SBS;Leveraging historical data is applicable to both healthcare facilities and medical device

5.24.1 Intent

When the steps for the usability evaluation are conducted and the requirement is not met, additional
information can be provided to the end user or the SBS could be redesigned to achieve the objective. If
a redesign is made or additional information is provided, ISO 11607-1:2019 requires that a subsequent
usability evaluation is conducted.

5.24.2 Guidance

In the event, that the usability evaluation fails to demonstrate the steps outlined in ISO 11607-1:2019,

7.2

, risk management is deployed to resolve this issue as described below.

© IS0 2021 - All rights reserved

33


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 1

If the step

6775:2021(E)

s outlined in ISO 11607-1:2019, 7.2 are not initially met:

a) Investigate:

— Document the failure(s) and determine any primary and contributing root causes. It is very
important to understand if the cause of a failure can be attributed to the design of the SBS or to
the end user’s comprehension of how to use the SBS.

b) Corre

ct:

— Based on the results of the investigation and the documented root cause, perform corrective

a
— I

— I
e

c) Re-ev
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5.243 G
Usability {
use) when

studies g4
summativ

5.24.3.1
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the usability evaluation include an assessment of the.ability for an end user to follow t

ctions.
the root cause was the design of the SBS, a design change or redesign should be performed

the root cause was end user comprehension, additional information can be provided to
nd user to aid the usability of the SBS.

aluate usability:

the SBS design is changed based on the results of a usability evaluation; [SO 11607-1:2019,

ldresses only one design feature, then the subsequent usability evaluation can focus
cability of that specific feature.

additional information is to be provided to the end usef/ISO 11607-1:2019, 7.2 requires t

formation and subsequently perform the steps successfully.

hidance on formative and summative studies

esting is a methodology for assessing whether a design is meeting its intended use (or easg
an end user is interacting with the design. This methodology can be approached by format
ining insights of end user’s acceptance of the design, which can then be demonstrated wit
e study confirming design acceptance by end users.

Formative studies
ing questions can be useful in a formative study for usability:

evaluation of the.design usability. A formative study can indicate how intuitive a desigi
e end user to interpret how to use the SBS. The formative study is an optional study; one ¢
ed directly to)a'summative study.

labelling sufficient?

opéning location understood?

he

7.2

bquires that the redesigned SBS demonstrate that the steps can beZmet. If the design change

on
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NOTE Usability evaluation can also be an opportunity to verify if disposal is understood, if applicable
and required by regional regulations.

b) Outcome of the formative study can be a refinement in the design or labelling, or it can confirm
readiness for a summative evaluation.

5.24.3.2

a) Final

Summative studies

confirmation of the usability requirement.

b) The outcome of the summative study is the demonstration that an end user can aseptically open

and d

34

ispense the contents of the SBS by meeting the steps in ISO 11607-1:2019, 7.2.
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NOTE The IEC 62366-1[00standard and US FDA guidance “Applying Human Factors and Usability Engineering
to Medical Devicesl®l contain significantly more detail on performing usability evaluations and can be a valuable
resource when evaluating the usability of an SBS.

5.25 Packaging system performance and stability (ISO 11607-1:2019, 8.1)

5.25.1 Intent

The intent of [SO 11607-1:2019, 8.1 is to set performance and stability testing requirements to the final
design, and to describe the purpose and importance of integrity testing and also the difference between
performance and stability testing as outlined in ISO 11607-1:2019, 8.2 and 8.3.

5.25.2 Guidance

5.25.2.1 Significance of integrity testing

Aff
of

thd
rea

b criterion
by testing
br several

er sterility is achieved in a validated sterilization process, the most impentant acceptancg
he packaging system design is retaining/maintaining this sterility. This‘can be confirmed

integrity of the SBS. Testing for sterility is often considered aless effective method f]
lsons:

risk of false negatives and false positives;

impossibility of demonstrating the presence of one viable microorganism in one million
products by testing (need to test minimum 1 millionnegatives);

sterility result is only the status at a single poitit in time and depends on several aspe
exposure to dry conditions or high temperature'was conducted just before testing for ste
SBSs could be broken but sterile contents.could likely pass sterility testing as typical bacts

sterilized

cts, e.g. if
Fility, then
bria would

likely not survive the exposures.

Thps, SBS integrity becomes an essential element for a medical device that is supplied in the sterile
stdte. The SBS integrity provides confidence that the medical device remains in a sterile condition to
the point of use and facilitates the.aseptic delivery of that medical device. ISO 11607-1:2019 regards
the loss of sterility as event related rather than time related. Such events occur during the{handling,
didtribution and storage of medical device products and are usually catastrophic in nature, .e. occurs
in fonjunction with a physical breach of the SBS. Exposures to excessive and frequent tempenature and
pressure variations during storage and transport or wetting of SBSs are also considered as eyents.

Te
the

5t methods associated with package integrity can be used to discover possible physical bfeaches in

SBS, which jeepardize the microbial barrier.

5.25.2.2 Before testing

SBPs submitted for the packaging system design validation should be manufactured under standard
oppraving procedures. Packaging systems need to be sterilized using a validated sterilizatiop process.
The sterilization challenge should be elevated by considering worst-case, multiple sterilization cycles
and/or sterilizer process tolerances, as applicable. If a manufacturer decides to validate multiple
sterilizations to be able to resterilize a load, then this needs to be applied to the packaging system
as well. The packaging systems for performance testing should contain the actual medical device or a
surrogate of the medical device (which is suitable in terms of mass and surface geometry), appropriate
labelling, and IFUs expected to be included in the final market packaging system.

If sufficient stability or performance data of similar SBS design exists, it should not be necessary to
redo testing unless it is evident that the contents inside the system could pose a risk to the SBS or
materials. An example could be a new size of a plastic syringe in the same sterile pouch used for other
sizes. The effects of physical interaction by a heavier syringe would be shown in performance testing
and not in stability studies.
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5.25.2.3 Separation of performance and stability testing

ISO 11607-1:2019 is clear regarding the separation of SBS stability testing from packaging system
performance testing and regards them as separate entities. The standard does not preclude the user
from combining these tests but doing so imposes unrealistic stresses on the test samples which can
result in failures not experienced during normal storage and distribution. There are several reasons
why stability testing and packaging system performance testing should not be combined.

— Combining both stability and design performance tests could expose the packaging systems to
excessive conditions and stresses not seen in normal distribution environments. For example,
accelgrated—aging quite—often—expose o—contindoy elevated—temperatures—{e.g.
55 °(C) for extended periods of time (several months). Protective packaging can be significantly
weakened to an extent that could cause failures during performance testing.

— If a fgilure occurs during performance testing of aged packaging systems or SBS, iis difficulf if
not impossible to determine the root cause. Was it a failure due to aging (time) or was'it a package
design performance issue (event)?

Users shofild also refer to Annex I of this document for guidance on failure investigations.

5.25.2.4 Different methods for integrity testing

SBS integrity can be measured in different ways. Annex B of ISO 11607-1:2019 lists several applicaple
tests for sgerile barrier integrity, including:

— Visua] inspection: Channel defects in SBS seals can be detected with good probability by applyjng
ASTM F1886/F1886MI62]. Despite certain material limjtations, for example pinholes and minfite
tears,|it is a valuable method for monitoring of seal integrity. Other tools that have also been usgful
include polarized light and black light. These are genérally not employed as the sole methods|by
whichl SBSs are evaluated during initial SBS and/er packaging system, but frequently serve as|an
in-prgcess check during regular SBS and/or packaging system production.

— Dye penetration: ASTM F1929(63] involves the wicking of a dye solution through a seal channel defect
with porous materials and ASTM F3039{4/involves the wicking of a dye solution through a material
defect or a seal channel defect on nonporous materials. This is a common test for seal validatjon
if seal] quality has not yet been cofirelated with visual inspection. Dye tests can be affected by the
matetfials used, and operator training and experience. Depending on the nature of the materials gnd
partiqularly if they are porous, itis essential to perform the dye test following the recommendatidns
of ASI'M F1929163] in terms)of timing to avoid the dye from wicking into the structure of these
mateifial. As such, carefulinterpretation of test results is necessary. It is important that these tefsts
are performed by operators who have been assessed as competent to perform the tests. Once the
correft interpretation of these tests is understood they provide a reliable and sensitive means [for
detecting channéls; holes, etc.

fluid andthe application of a pressure differential. An evolution of gas can indicate the presence ¢f a
leak. Best suited for gross leaks, it is commonly employed on packaged medical device that has bgen
subjected to actual or simulated shipping conditions to assess package (SBS) integrity.

— Bubb{ testing: ASTM D3078[65] and ASTM F2096[6¢] involve submersion of a package (SBS) ip a

— Other integrity methods: Alternative techniques include employing CO, or helium as a tracer gas,
pressure or vacuum-decay measurement, as well as ultrasonic methods that can characterize leaks
and other anomalies.

NOTE See also the note under 5.8.2 of this document regarding whole package test methods.
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5.26 Packaging system performance testing (ISO 11607-1:2019, 8.2)

5.26.1 Intent

The intent of ISO 11607-1:2019, 8.2 is to establish testing requirements related to the risks occurring
through the hazards of handling, distribution and storage to the representative packaging system
configuration.

5.26.2 Guidance

In [the packaging system design validation context, the term performance means perfofmance in
withstanding the hazards of handling, distribution and storage.

5.26.2.1 Establishing a performance test plan

Establishing a test plan for the risks occurring through the hazards of handling, distribution and
stdrage should consist of six general steps:

a) | Specify the packaging system/content. If applicable make a rationale for worst case/ family if the
performance testing should cover more than one product (for packaging family worst cas¢ guidance
see 5.18 of this document). Specify the acceptance criteria.

b) | Specify the anticipated shipping environments that can‘occur during packaging/repackaging,
transportation, warehouse storage, and handling as applicable.

c) | Specify testing conditions that simulate the anticipated shipping environments, e.g. tenpperature,
humidity, shock, vibration, compression, préSsure changes (use standardised laboratory
simulations where possible).

d) | Expose the sterilized packaging system to.the defined/selected testing conditions.

e) | Test the SBS for integrity (sterile contents and packaging can be tested for additiondl quality/
performance attributes in the same testing sequence if appropriate or beneficial).

f) | Conclude on the test results and‘investigate any failures. Document according to ISO 11607-1:2019,
4.5.

5.26.2.2 Define the distribution environment

Baped on the design‘inputs regarding the logistics and distribution anticipated for the medi¢al device,
shipping and handling tests should be defined. These tests can be designed by several means

—| actual shipment;
—| standardized laboratory simulations;

—| daboratory simulations based on measured data;

— environmental challenging (if appropriate).

NOTE For guidance on choosing an appropriate distribution challenge method see Annex B of
ISO 11607-1:2019 (performance testing section). For further information on environmental challenging see
5.26.2.3 of this document.

Actual shipment is not recommended as the only method used for evaluations. Typically, there is no
way to document whether the packaging system receives the harshest or least challenging modes of
shipping and handling. Actual shipment is not a repeatable method. For healthcare facilities, which
control the distribution environment from end to end, actual shipments using the worst-case conditions
can be an acceptable performance test.
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5.26.2.3

Environmental challenging

Another aspect of SBS testing relates to environmental challenging or conditioning the SBS at various
temperatures and humidity extremes in order to simulate exposure to various conditions from shipping
to different climates. The temperature and humidity levels should be chosen carefully based on an
understanding of the product distribution and use conditions.

Hot/cold cycling can be used to mimic day/night or seasonal extremes to which packaged medical
devices can be subjected. However. attention should be paid to the rate of change since rapid changes
can be stressful for the integrity of the SBS. The rate of change should be aligned with real conditions
encountered-
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For guidance on choosing an appropriate environmental challenge method see Annex|/B

(e8],

f temperature and/or humidity and/or other environmental conditions, with the goal of determin
s of the package to environmental stresses.

ustry is a dynamic environment, so requiring real time aging prior to marketing and sell
device is often impracticaliUsing accelerated aging to test SBS or packaging system shelf

confirm accelerated-aging test results. The same sampling plan and testing requireme
applied for accelerated and real-time aging to support the claimed shelf life.

a series of testSyate carried out to probe package integrity, opening features (if applicab

e test data\for other properties than integrity should be considered in order to capture
'he sterilization process prior to beginning the aging process on the SBS materials and sea

anlook for trends thatindicate that the materials and seals could be changing in a mannert

could affe

tsterile barrier integrity aver time For pynmplp, ifthe trend in seal Q‘rrpng‘rh is Qignifir‘;\
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1:2019. One approach for a commonly used distribution system can be found in ASTM F2825{¢Z] and

As per ASTM F17[89], environmental challenging is defined as the process of subjeCting a packagg to

ing

e users should also refer to Annex B as well as Annexes |, K, L, M and\IV of this document.
pility testing (ISO 11607-1:2019, 8.3)

tent

of ISO 11607-1:2019, 8.3 is to set testing requirements related to the risks occurring throygh
bf materials throughout the claimed shelf life, onafinal representative SBS configuration.
hidance
Aging time practicalities and requirements

rement of ISO 11607-1 is that stability testing be performed using real-time aging. The medifal

ng
ife

hly accepted as valid for-hew medical device introductions, provided that real time aging is

nts

le),

eneral properties of the packaging materials themselves. Generating both pre-sterile gnd

he
S.
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negative, the materials could not be suitable for use. The decision to use the candidate materials and
SBS is based on risk level and the criticality of the attribute (i.e. functional versus cosmetic attributes
such as colour changes and print fading) to the function of the SBS.

Healthcar
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e users should refer to Annex B of this document.
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5.27.2.2 Establishing a stability test plan

One important aspect of a validation protocol is the rationale and test parameters for establishing
medical device shelf life. Setting up a test plan for the risks occurring through the hazards of aging
should have the following general steps:

a) Specify the SBS. If applicable make a rationale for worst case/ family if the stability should cover
more than one product (see family worst case guidance in 5.18 of this document).

b) Specify the desired SBS shelf life.

c) | Specify aging testing plan.
d)| Expose the SBS to the defined aging conditions.

e) | Test the SBS for integrity (sterile content and packaging can be tested for\important quality/
performance attributes in the same testing sequence if appropriate or beneficial).

f) | Review the accelerated aging test results and apply the documented accéptance criteria. Ihvestigate
any deviations and failures and conduct a root cause analysis. Determine if the failure {s due to a
stability or other issue. Decide if the product can go to market.

g)| Continue to monitor real time aging test results until the claimed shelf life is reached.|Apply the
documented acceptance criteria. Decide follow-up actions baséd on results.

h) | Document according to ISO 11607-1:2019, 4.5.

NOTE1 Real time aging is usually combined with acceletated aging plans. Aged samples are oftegn tested at
intprvals shorter than the end date indicated on the SBS/labelling, especially when evaluating new materials
where limited or no stability data are available.

NOTE 2  Aging studies can be performed on empty SBSs as long as they have been exposed to thg maximum
sterilization cycles expected. If aging sample doés not include contents a rationale should be docunjented that
supports the sample configuration used.

5.27.2.3 Accelerated aging

Acfelerated aging temperatures 'can create an extreme challenge condition to a material anl SBS that
wduld not be found in real\world situations, and thereby create false interpretations of the failure
mqde. When choosing the temperature to conduct the accelerated aging, care should be takep to select
terpperatures which do'not cause any material transitions or SBS and/or packaging system dlistortion,
or|induce nonlinear>changes such as crystallinity, generation of free radicals, or othef material
degradation.

When considering the role of humidity in accelerated aging, it is important to realize that relative
humidity_is‘the amount of water suspended in the air relative to its capacity at that tempefature. As
su¢h thépe'is an inherent danger in maintaining the same percentage of relative humidity 4s ambient
leviels_during an accelerated aging study, as it necessarily results in higher moisture exposyre than is

typira"v seen during real time aagina
1oy A-guHhRgrea e afng.

ASTM F1980[7% provides valuable guidance regarding the development of accelerated aging, and
discusses the importance of selecting aging temperatures and humidity that do not exceed the
limitations of the SBS materials.

AAMI TIR17153] defines accelerated aging as a technique to simulate the effects of time on a package
by subjecting the product/package system to elevated temperatures in a controlled environment
representative of controlled environment storage conditions.
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5.28 Packaging system validation and changes (ISO 11607-1:2019, 9.1)

5.28.1 Intent
ISO 11607-1:2019, 9.1 establishes the criteria to identify a packaging system as validated when meeting

the requirements of design, usability, performance testing and stability testing as well as conforming
with I1SO 11607-2.

5.28.2 Guidance

The presdnce of this clause clarifies the status of a validated packaging system based on objectjve
evidence. [This subclause also assists users of ISO 11607-1:2019 when distinguishing between -specific
verificatign activities, and an overall packaging system validation. This also assists the"jusers| of
[SO 11607-1:2019 in determining the impact to a packaging system validation when changgs-are madle.

For healtHcare users a set of annexes (], K, L, M and N) in this document are available fordocumentatjon
of validation steps including related changes and end user feedback.

5.29 Ch4nge control (ISO 11607-1:2019, 9.2)

5.29.1 Irntent

This subclause defines the need for a change control procedure forpackaging system designs.

5.29.2 Ghuidance

Change cqntrol is an element in a quality management system. See also guidance for ISO 11607-1:20[19,
4.1.

NOTE 1 |Examples of change control requirements can be found in ISO 13485:2016, 7.3.9[2]; and IS0 9001:20/15,
8.3.6[31,

Validation] reports and related records (i.e-reports, data) should be maintained in accordance with the
documented requirements. The last step.isthe formal approval of the final report. See also guidance ffor
ISO 11607-1:2019, 4.5.

The change-control procedure applies to both initial validation and subsequent revalidation.

NOTE 2 |The MDR requires niantfacturers to maintain these records in the technical documentation.
5.30 Revalidations{ISO 11607-1:2019, 9.3, 9.4, and 9.5)

5.30.1 Irntent

The inten{ of these clauses is to identify conditions that could require revalidation of packaging syste11ns.

5.30.2 Guidance

Revalidation is required when changes have been made to the medical device, packaging system,
process, or equipment that will affect the original validation. Changes made to the design should be
evaluated to determine if the original validation is impacted by the change. Some examples are changes
in physical characteristics of medical device contained in the SBS, process relocations, changes of
formulation or equipment, changes at component manufacturer, and changes of raw materials used
(ISO 11607-2:2019, 5.7).

Revalidation is often affiliated with design control and the associated change control procedure. The
extent of the revalidation and the rationale chosen will depend on the nature of the change and how it
affects the process or medical device.
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Revalidation can be less extensive than the initial validation of a new packaging system. For example,
if a new device using an existing packaging system is larger than the predicate device, performance
testing can be completed but the existing stability data could still be applied[Z1].

Review of the process, medical device, and packaging system should be considered periodically to
ensure that the combined impact of multiple minor changes, which did not require revalidation, have
not affected the packaging system (ISO 11607-2:2019, 5.7.4).

5.31 Inspection immediately prior to aseptic presentation (ISO 11607-1:2019,
Clause 10)

5.31.1 Intent

e medical
ier.

Intent is to perform a visual inspection immediately prior to use to ensure end uSers of th
deyice package and SBS do not use sterile contents with potential breaches of the'sterile barr

5.31.2 Guidance

Md
pa
us
ev

dical device manufacturers and healthcare systems validate to.a_high level of confid
rkaging for terminally sterilized medical devices will maintain sterility of contents to th
. Despite the robustness of the validation activities, there is always the possibility that ul
ents can occur in the lifecycle of the packaging system. As a/conservative measure, it is ©

ence that
e point of
nforeseen
onsidered

an SBS to
p3-1:2016,
07-1:2019,
S.

be
en
5.7
Cla

5t practice for end users of medical device packaging tosvisually assess the condition of
sure integrity is not compromised. The “damaged package” symbol on the SBS (ISO 152
.8[28]) can remind end users not to use the contents’in case of integrity issues, ISO 116
use 10 requires that instructions for use (IFU) contain direction to visually inspect the SB

nh order to
Annex E)
taining to

It $hould be clearly evident to the end user whigh layer of packaging is the sterile barrier i
fadilitate an inspection. A label with the symbelfor the number of barriers (ISO 11607-1: 2019,
cap support the end user with this inspection. See 5.17 of this document for guidance per
IS} 11607-1:2019, 6.1.8.

5.32 Information to be provided (ISO 11607-1:2019, Clause 11)

5.32.1 Intent

Th
md

is clause is meant to(provide general guidance on common information that is possibly reguired for

terial, preformed.SBS or SBSs placed into a given healthcare market.

5.32.2 Guidance

Th
ex
ac

e listeddtems of information to be provided are self-explanatory. This list is not mdant to be
naustive therefore, when entering a specific market, it should be reviewed that the information
onipanying the product are also meeting any other national or regional applicable requirejments.

For the information provided across a [abelling system, when designing the print, itis important to keep
in mind the attributes of the printed substrate as well the selected printing technology capabilities,
including the ones used for printing variable information such as lot or serial number, manufacturing
date, and expiry date.

Printing intended to convey information should have no missing print, smears, smudges, or offset that
renders it incorrect or illegible. Font sizes or styles could be inappropriate for specific substrates or
label dimensions or printing technologies. Print colour(s), artwork placement and copy should also be
considered. Printed ink properties need to ensure physical and chemical resistance to degradation.

One way to reduce the amount of space needed on the labels is to use symbols. This also avoids having to
provide the information in multiple languages. The regulations allow that information can be provided
as internationally recognized symbols. Symbols from standards such as ISO 15223-1[58] can be used
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or, if a suitable symbol is not included, the symbol used needs be described in the instructions for use
(IFU).

NOTE For information, in relationship with medical device regulation (EU) 2017/745[29], it has to be pointed
out that the SBS has to be clearly identified as such and be labelled with an instruction to consult the IFU if
the SBS is damaged or unintentionally opened before use. An appropriate symbol can be used. For healthcare
facilities, application of a label to indicate the SBS can be an appropriate solution. The EU Medical Device
Regulations (MDRI[22] and IVDRIZ2]) use the term Sterile Packaging which can be considered equal to the term
Packaging System as used at the point of use.

All labelling and information requirements that are given in regulations are often too extensive to be
printed of the SBS on many of the smaller single use medical devices such as needles, small filtdrs,
contact lepses, syringes, etc. These products need to address the information somewhere elsefon the
unit or in the packaging protective packaging.

6 Guidance on Clauses 5-8 of ISO 11607-2:2019

6.1 General Clauses 1-4 of I1SO 11607-2:2019

See Claus¢ 4 of this document.

6.2 Valjdation of packaging processes - general requirements (ISO 11607-2:2019, 5.1[.1
and 5.1.2)

6.2.1 Intent

The purppse of these subclauses is to provide the framework for packaging process validation| to
produce dbjective evidence that the process is capableito consistently manufacture SBSs meeting|all
predetermined requirements and specifications.

6.2.2 Guidance

ISO 1160y-2 provides examples of processes that must be validated. The commonality of th¢se
processes|is that they include a closure.or sealing operation with the objective of achieving closure or
seal integtrity.

The docuinent introduces the process validation steps to be included: an installation qualification (I[Q),
an operatjonal qualification (0Q), and a performance qualification (PQ).

There are|slight differences’in the definitions compared with the previous edition of ISO 11607-2. In|an
effort to align definitiomrs with those for sterilization standards, the definitions have been adapted, but
this has np impact.ontthe actual activities performed under 1Q, OQ and PQ.

Process validatiehs should be performed to a predefined validation plan, protocols, and/ or standgrd
operating|procedures.

Historical data can be used after it has been determined that this data is suitable for use. A rationale
should be documented.

NOTE The 2004 guidance document on process validations from the International Medical Device Regulators

Forum (Global Harmonization Task Force archival) [Z3] provides guidance on statistical methods and an example
of a sealing process validation.
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6.3 Process specification (ISO 11607-2:2019, 5.1.3)

6.3.1 Intent

The process specification is a living document that includes all equipment, process variables and
parameters, monitors and materials required to manufacture a product that consistently meets
requirements (see also ISO 11607-2:2019, the definition under 3.15 for process specification). The
process specification is an output of process development and it is traceable to the predetermined
packaging design specification; it is the basis for process validation.

6.3.2 Guidance

The process specification is a new concept first introduced in ISO 11607-2:2019-” The process
sp¢cification is a document (or series of documents) that describes all of the equipment, fixtures,
vafiables, parameters, process steps, controls, monitors and procedures required to complete the SBS.
Process validation begins with identification of variables and when complete results in ¢onfirmed
process parameters for those variables.

It s important to note also the difference between a process panameter and a proces§ variable,
terminology that is used more consistently in the document thafi“in the previous versipn. In the
20[L9 edition, the concept of critical process parameters is discontinued and replaced by the process
spécification that includes all variables and parameters that have an impact on the process ofitput. The
degree of control and required monitoring should be a risk-Based decision, depending on th¢ role that
a Variable or a process parameter plays in the process and<he impact they could have on the process
oufput. For example, sealing variables like temperature, pressure and dwell time have a dir}ct impact
on(the sealing quality and lack of control to the specified parameters poses an immediate and high risk
for] the integrity of the seals. These should be includédin every sealing process specification. [Depending
on|the complexity of the process, further parameters need to be considered. For exampld, low film
terjsion in a form-fill-seal machine can increasgthe risk of folds if the film is not held tightly which could
regult in seal integrity issues. Attention is drawn in particular to the definitions of control, mponitoring,
praocess parameter and process variable in"1SO 11607-2:2019.

NOTE “Risk based decisions” arg-‘a~Key element of ISO 13485:2016[2], the quality managemegnt system

implemented by the majority of medical device manufacturers, but also of ISO 9001:2015[3) See also
1SQ 11607-2:2019, 4.2.

6.4 Process validation of packaging families (ISO 11607-2:2019, 5.1.4)

6.4.1 Intent

Thee purpose of this subclause is to provide permission to leverage validation activities over families
of pimilar SBSs or preformed SBSs based on worst case considerations regarding their manijifacturing
process to-xeduce the overall validation efforts.

6.4.2- Guidance

Validations can be performed for individual products/processes or for product/process families that
are defined based on established similarities. A rationale for the validation of a family of products or
processes and the related worst-case considerations should be documented.

Based on similarities between SBS materials, process, products; etc the SBSs may be grouped into
families of SBSs or preformed SBSs for example chevron pouches or reels using the same top and
bottom materials but of different sizes. Leveraging of validation activities should be based on worst
case considerations and is done in an effort to reduce the overall validation activities. In this case,
worst-case configuration applies to the SBS manufacturing processes not to the medical device itself.
When validating a manufacturing processes, it can then be based on the worst-case SBS and contents.
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To ensure that the validation is meaningful for the entire SBS family, the worst-case configuration(s)
for the (preformed) sterile barrier family need to be identified based on risk. When heat sealing, it is
important to look at the extremes of seal area. For example, both small and large seal areas on pouches
and blister packs present unique challenges and should be assessed. For preformed sealed trays and
form fill seal blisters, the total square centimetres in the sealing area (i.e. total square centimetres of
seal under the sealing platen) could be considered. This approach allows the impact of over-sealing and
undersealing as well as temperature and pressure distribution to be assessed.

Itis also recommended to assess the different devices within a proposed product family and assess how
the device could impact the sealing process. In preformed SBSs such as a pouch or header-bag a large

or bulky m1mmmammmmwlln
form fill seal applications, a heavy product can pull on the bottom web more than a lighter produet thus

causing distortion of the seal flange and should be assessed.

6.4.2.1 [Example No. 1

A manufafturer has a family of pouches (preformed SBS or PSBS) with many different sizes from the
same sup{lier with the same top and bottom web materials. It should be possible.to-5eal all these PYBS

with the dame process and leverage the validation efforts. The manufacturer/performs a risk analyjsis
and conclyides that there is a risk that larger seal areas could be exposed to colder sealing temperatufes
at the edgg of the sealing platen while the smallest seals could be over-sealedin the middle of the sealjng
equipmenit. As there could also be risk that the pressure control will redct differently with different
sealing arjeas, the largest and smallest seal areas are included in the,validation. Some of the pouches
are very lpng, whereas others are short. The risk of misalignment{is greatest for the longer poucheg as
they are diifficult for the operators to handle. This is also the casefor the heaviest and bulkiest prodyct.
The bulkiest product also represents the greatest risk of creating folds in the seal. Based on thgse
considerafions, the manufacturer defines the bracketing teinclude the largest and smallest seal ared as
well as the longest, heaviest and bulkiest product.

The same|manufacturer decides to validate a second identical machine. A new machine always requires
a new validation. IQ is specific to machine'\No. 2 to make sure that everything is properly installed,
calibrated and the documentation is complete. For OQ, process development can be leveraged from the
previous yalidation. The bracketing can.be simplified, since the manufacturer comes to the conclusfon
that the cpnfiguration is identical and the risks regarding handling of long pouches by operators are
well undgrstood and under control. Although alignment of the machine has been properly checked
during 1Q) the manufacturer decides to challenge machine No. 2 with the bulkiest product to prove that
it can seal without folds sintilar to machine No 1. Machine No 2 is further challenged with pouches that
have the §mallest and largest seals to make sure that the machine produces packaging that meets the
predetermined specification. During PQ, three lots will be run to confirm that the process on machjne
No 2 is capable and.réproducible meeting specifications. Each situation is unique, and manufacturgrs

or
hnt

variables.

A rational for the validation of a family of products and their processes and the related worst-case
considerations should be documented.

6.5 Installation qualification (ISO 11607-2:2019, 5.2)

6.5.1 Intent

The purpose of installation qualification is to establish by objective evidence that all key aspects of
the process equipment and ancillary systems adhere to the manufacturer’s and/or user’s approved
specifications and the equipment is correctly installed, calibrated and working properly.
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6.5.2 Guidance

During the IQ it is verified that all equipment used in the manufacturing process meets specified
requirements and is appropriately designed, constructed, placed and installed to facilitate maintenance,
adjustments, cleaning and operations.

Examples of typical IQ activities / checks (as appropriate) include:
— availability of the process specification (used as a basis for checking the process);

— verification of installation status compared to installation drawings and instructions (facilities,
utilities, space, hook-ups, etc);

— | availability of up-to-date equipment documentation (drawings, schematics, spare parts list,
manuals, etc.);

—| software documentation (i.e. type, version, etc.);

—| critical equipment features (i.e. materials of construction, process-sange, fixtures,| ancillary
equipment, etc.);

—| environmental conditions (i.e. clean room requirements, temperature, humidity, lighting

— | preventive maintenance requirements and schedule;

— | calibration requirements and frequency;

—| identification of changes/repairs that require re-qualification;

— | safety features and requirements;

—| system start-up, operation and shut down (including use of software);

— | confirm alarms, warning systems, and>machine stops operate when equipment procesq variables
are run outside pre-set limits.

Calibration of equipment should be_tonducted as part of I1Q, to ensure equipment has been installed
cofrectly. A calibration and preventative maintenance program/schedule should be eftablished
to |lensure that they continue\to meet the set requirements. Software embedded in the njachine or
eqpipment requires a separate validation. Because the details of imbedded software arq typically
unknown, the validatiofmis usually limited to checking the input and output after installation of the
eqpipment (black bo%testing). Test documentation or certificates from the supplier can sypport the
validation process.

The validation of custom-made software (developed in-house or outsourced) is usually based|on testing
alljcritical funetions listed in the user requirement specification (URS).

NO[TE For additional guidance on software validation see References [2] and [18].

Hehlthcare nsers should see also Annex B of this document

6.6 Operational qualification (ISO 11607-2:2019, 5.3)

6.6.1 Intent

The purpose of operational qualification (0Q) is to obtain and document evidence that installed
equipment produces outputs that meet specification when run at the limits of the operating window
and in accordance with its operational procedures.
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6.6.2 Guidance

During OQ the process limits will be defined and qualified to ensure that the output of the process meets
the process specification, even under conditions of manufacturing that are extremes of the established
process window. The upper and lower process extremes are determined by the right combination of
high and low settings of the individual parameters for a given material combination. A rationale should
be documented for the chosen combination.

This confirms that the process window is appropriate over its entire range. Refer to Annex E of this
document for the development of process parameters.

Examples|of typical OQ activities (as appropriate):

— perform engineering studies to establish a worst-case operating window by determiningimpact of
procefss variables listed in the process specification on the closure;

— establish process limits (process parameters) for process variables defined(in' the procgss
specification (examples: time, temperature, pressure, line speed, etc.);

— determine appropriate sampling plans. Guidance for sampling can be found.in*4.5 of this document
(ISO 11607-1:2019, 4.3);

— prodyce a statistical valid number of samples on the extremes of theprocess limits (e.g. lowest gnd
highept temperature, lowest and highest pressure, and shortest and longest dwell time);

— verify thatthe SBS produced at operating extremes will reliably‘meet the acceptance criteria defirjed
in the protocol;

— verify that all control measures defined in the risk management process are in place and operfte
effectfively;

— docurtpent all results and conclusions.

Samples fpr performance testing according tedSO 11607-1:2019, 8.2.2 can be built during the 0Q{ In
this case,|these samples would be produced‘under conditions that can be defined as the worst-case
according|to ISO 11607-1:2019, 8.2.3.

This apprpach can also apply to flyid:path packaging, variables in that case can be torque to apply a
closure, fqr example.

Healthcark users should see also’/Annex B of this document.
6.7 Perfformance qualification (ISO 11607-2:2019, 5.4)

6.7.1 Intent

The purppse/ofiperformance qualification (PQ) is to establish by objective evidence that the procdss,
under antieipated conditions, consistently produces a product which meets all predetermined
requirements.

6.7.2 Guidance

During PQ, it is examined and shown that the process is under control and capable of consistently
producing products which meet the requirements. It is important to include all-natural variation that
also occurs in practice in the PQ. Consideration should be given to different operators, process start-ups
and stops, raw material batches, maintenance, time factors like morning and afternoon or summer and
winter, wear and tear, etc.

The PQ study can be based on a required number of dedicated PQ runs with all necessary variation
included. Alternatively, it can be based on the required number of real manufacturing runs with
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material on hold until data is considered sufficient. In both situations, the size of the PQ runs should be
sufficient to be statistically valid.

Ex

amples of typical PQ activities (as appropriate):

— running at nominal conditions using typical manufacturing environments and including typical

Th

pr
no

eq

variation;

running a statistically valid number of units /lots / batches (across shifts, operators, time, etc.);

verify that the produced SBS meets the acceptance criteria defined in the protocol and assess

process capability;
documentation of deviations from the protocol;
documentation of the conclusion: is the process considered validated?

free successful production runs are typically evaluated under PQ, however it'is possible
pbduction runs are necessary to successfully complete the validation. These runs are pr
Fmal operating conditions and the runs can be interrupted by other manufacturing proces

effects of transitions to different products, breaks, and multiple shifts:

6.8 Formal approval of the process validation (ISO 11607-2:2019, 5.5)

6.8.1 Intent

Th

ke purpose of this subclause is to make sure that4ll validation data and results are do

reyiewed and approved including all related conclusions.

6.8.2 Guidance

Th

e documentation should include thetdevelopment of a written process validation proto

stgrting any validation activities. This\can be one document covering the entire validation or

do

Va
ev

fument covering IQ, 0Q and PQ.

idation protocols may bewritten for SBS families. The rationale for determining the SBS f
nluate should be documeénted.

Often historical data éxists for specific material combinations. This information should be ev]

de

ermine if it is appyopriate for use. Document the rationale.

If 3n 1Q has beeirpreviously performed on the equipment of interest, this work should be a

de
Fo

fermine ififfmeets the needs of the current validation activities.

- 0Q @and PQ, the acceptance criteria need to be detailed. These predefined requirement

that more
oduced at
ses on the

hlipment. Considerations should be given to sufficient run time, warm up time after start-yp and the

rumented,

col before
h separate

amilies to

aluated to

bsessed to

b typically

indqluderdimensions of the SBS(s), seal strength, seal integrity, opening features, and materiall integrity

depending onthe equipmentand the type of SBS.

The process validation protocol should be reviewed and approved by appropriate personnel prior to
any activities taking place.

Assess validation results and the activities performed to verify that they meet the established
acceptance criteria. Any deviations from the protocol should be documented and reviewed and assessed

to

Th

©lI

determine if the intent of the validation protocol has been met.

e process validation report needs to be reviewed and approved by appropriate personnel.
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6.9 Process control and monitoring (ISO 11607-2:2019, 5.6)

6.9.1 Intent

The purpose of this subclause is to make sure all necessary controls and monitoring activities are in
place to maintain the process in a state of control and capability.

6.9.2 Guidance

Ongoing process control and monitoring typically includes

a) moniforing and recording process parameters and variables;
b) in-prdcess testing of SBSs in accordance to the quality system.

NOTE Selected monitors should be suitable for monitoring the process. Use data and progess knowledge to
choose mopitor(s) suitable for the process as reflected in the quality system.

Recommephded tests are integrity, seal strength, peeling behaviour, and visual inSpéction.

Peeling should be continuous and homogeneous, without delamination or tearing of the material ($ee
[SO 11607-1: 2019, 5.1.9 d)).

NOTE For applicable test methods refer also to [SO 11607-1:2019, Annex'B.
6.10 Prdcess changes and revalidation (ISO 11607-2:2019, 5.7)

6.10.1 Intent

ISO 11607-2:2019, 5.7 introduces the requirement tdZmanage changes and revalidations based on a
review of the impact of the change so that the validation status is maintained after implementation.

6.10.2 Guidance

6.10.2.1 [General

Change cqntrol is a fundamental@lement of state-of-the-art quality systems. A formal change contjrol
procedurg is required for confoymance with ISO 11607-2:2019, 5.7. Since the 2019 edition, the change
control requirement is also ineltuded in ISO 11607-1 to cover design changes while this subclause covers
the changes that affect theyprocess validation status (see ISO 11607-1:2019, Clause 9). If packaging
specificatjon is met after a process change, there is no need to consider revalidation of the packaging
design.

Keeping design and process validations separate is recommended for two reasons:

a) in cagecof failure, it will be much easier to perform root cause analysis, the source of issues can|be

i idamifind o d ~on bl
easlertaertetantacorreectee;

b) in case of revalidation, it is easier to revalidate those elements that are really affected.

6.10.2.2 Process change examples: new sealing heating element in a sealing equipment

In case of a replacement of part of sealing equipment, with potential impact on variables that have high
influence on the process output, it is obvious that at least a confirmation study should be considered to
show that the package design specifications are being met.
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If the sealing heating element is replaced with the same original equipment part, then the
targeted activities should be considered:

specifications and that it is properly installed and connected.

0Q needs to focus on the areas that can be influenced by the new heating element
installation process: SBSs should be produced again at both the upper and lower proces
reconfirm those limits and to make sure that they meet predefined specifications.

PQ should demonstrate that the equipment with the new heating element will consistent]

:2021(E)

following

IQ can be reduced in scope to focus only on the replaced part to make sure that it meets the

or by the
s limits to

y produce

SBSs that meet predefined requirements. The focus needs to be on the variability tha
introduced by the new part, while other sources of variability have already been cons$ider
the initial validation.

is way of proceeding assumes that the previous validation has been performed proj
resents the state of the art and there are no issues for which a complete'revalidation
sidered.

It is not recommended to validate the process with different elements or modules availabl
angl to take them into service at a later date without considering a revalidation at that time. Over
subptle changes could have occurred that could impact the results and¢the installation of the new
madule is a source of variability in itself.

If & sealing element is replaced with a similar but different part (e.g. a different type of 1
diffferent PTFE layer, different pressure rolls, etc.) then it.will be necessary to review this md
for] the risks of potential impacts on the SBS or on the¢phocess. Most of the time the modific
degigned to improve the long-term reliability of the process, but some can have an impact on t}
sedling window. For instance, different PTFE layers.can reduce the heat transfer. It could be
to [ncrease the heat-sealing temperature to compensate for the lower heat transfer. Coating
vafiability over the heating element surface ¢ould lead to sealing uniformity issues. This n
inyestigated and confirmed during OQ. The Iong-term process reliability can be confirmed
anfl by putting in place additional controls during normal operation. Coating adhesion neg
indpected as well as any wear that could'lead to contamination or changed seal properties.

6.11 Assembly (ISO 11607-2:2019, Clause 6)

6.11.1 Intent

The purpose of this Tlause is to define basic requirements regarding appropriate envil
copditions during.assembly, to assemble following established instructions based on a
process and to.control labelling to prevent mislabelling.

6.11.2 Guidance

t could be
ed during

berly, still
should be

e as spares
time other
element or

haterial, a
dification
ations are
e process
necessary
thickness
peds to be
during PQ
eds to be

rfonmental
validated

6.11.2.1 General

The clause referred to above highlights three key risks that need to be controlled:

a) risk of contaminants due to lack of controls of the work environment;
b) risk of mislabelling due lack of controls in the assembly process;
c) risk of sterilization issues due to packaging configurations that diverge from those that were at the

basis of the validation of the sterilization process.

6.11.2.2 Environmental conditions for forming, sealing and assembly processes

ISO 11607-2:2019, 6.1 requires minimizing the risk posed by contaminants to the medical
is obvious that the focus is on the device, however, as packaging materials are or can be

© IS0 2021 - All rights reserved
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with the device or as contaminants can be transferred to the device through other mechanisms than
direct contact, this should be applied also to materials. A good practice is to establish a risk analysis of
contamination risks in the defined work environment and to define measures to mitigate those risks
appropriately so that the work environment becomes a controlled environment. This risk analysis should
consider personnel (work attire, hygiene, drinking and eating, access control), pest control, heating and
ventilation, moving materials into and out of the production environment, process equipment including
its maintenance, transitions to different products, product mix ups, cleaning activities, waste handling,
etc. and cover all stages of the manufacturing process.

NOTE 1
planning agti ¢ FaStrtett e the-wo O Afe ofta AtHOR-cORtre ASH
and it will pecome part of the quality management system documentation. See 6.3 and 6.4 of ISO 13485:2016[k].

NOTE 2 Further information on classified environments can be found in ISO 14644-1[74],

Users shquld also refer to 5.2 of this document on conditions for production andi\handling gnd
[SO 11607-1:2019, 5.1.3.

6.11.2.3 [Labelling and processing procedures

Labelling |systems can take several forms, including printing directly on the€’material and /or SBS,or
labels conjsisting of another layer of material attached to the surface of thie material and/or system|by
adhesion, [fusion or other means.

Typical prjocess steps:

a) Process steps for labelling generally include printing*and inspecting the information to |[be
conveyed, as well as affixing labelling to the package wlien not printed directly on package. In case
of information by handwriting on the package, consult-5.10.2.6 b) of this document.

b) In sorne cases, SBS materials or preformed SBSs\ean be received pre-printed by the medical devjice
packager, and additional information can be added at the time of closure.

c) The steps in the process should be documented and operating procedures developed for each st¢p.

These procedures typically include but Would not be limited to acceptance criteria for legibiljty,
direction |on placement, verification«<ofsadhesion, verification of information and be developed wjith
specific spfeguards to prevent mislabelling. Risk management principles should be applied to the
process.

6.11.2.4 Assembly instructions

The way gackages, unit/boxes and larger unit box are assembled, can have an impact on the sterilizatjon
process. The packaging density and orientation of products will impact the radiation dose delivefed
to the product,.and shadowing effects need to be considered. For gaseous sterilization procesges,
gas or stepm needs to penetrate the package and residuals need to be evacuated which is consideted
when deslgning the packaging configuration. It is therefore important to clearly define the packaging
configuratiehs-that-were-at-the basts-of-thesterilization—validation—so-that-theseconfigtrations—<¢an
be reproduced during assembly. Deviations from the defined configuration can negatively impact the
validation status of a sterilization process. Deviations can also lead to packaging performance issues
(i.e. sterile barrier integrity issues) during handling, distribution and storage.

See Annex F of this document for more details on sterilization methods and aspects to consider. MDMs
should refer to Annex A of this document and integrate these requirements into their design process.
Healthcare users should refer to Annex B of this document.
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6.12 Use of reusable sterile barrier systems (ISO 11607-2:2019, Clause 7)

6.12.1 Intent

:2021(E)

This clause requires users to consider requirements provided in ISO 11607-1:2019 when using reusable
SBSs.

6.12.2 Guidance

When performing operations for reusable SBSs, the reader is referred to ISO 11607-1:2019, 5.1.10, 5.1.11

an
arg
clo
as

Se

6.

6.1

The purpose of this clause is to make sure that the assembly pracess of sterile fluid path com

va

6.1
Se

The process specification needs to include all‘the variables and parameters as well as an

an

control and capability.

NO
ind

13 Sterile fluid path packaging (ISO 11607-2:2019, Clause 8)

] 5.1.12. The reason for referring to the standard is that the requirements listed in thosg 3
very prescriptive in terms of activities to be performed during the cleaning, filling,'ass
sing of reusable SBSs. This guidance is inclusive of both reusable containers and téxtile
the subclauses in the standard are referencing both types.

 also B.4.4 of this document on reusable container design and use for furthefg@uidance.

3.1 Intent

idated in order to achieve the same outcome as for other-SBSs.

3.2 Guidance

e 5.21 of this document on sterile fluid path packaging.

1 monitoring activities to maintain the sterile fluid path assembly and closure process in

TE Some examples of variable“and parameters can include torque, pull force, dimensional
luding tolerance stack up analysis.

ubclauses
bmbly and
yrap SBSs,

ponents is

y controls
a state of

tolerances
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Annex A
(informative)

Design and development for packaging systems - guidance for

industry

nufacturing guidance

fign inputs

bneral

vides further guidance on effectively developing a packaging system. Fof-guidance on des
also 5.20 of this document.

itiating the design of the packaging system for a medical dévice, there should be a thoroy
ding of the manufacturing processes to which the medicakdevice and packaging system v
fed. The designer should understand all of the processes involved in forming, sealing g
he packaging system, and use a risk-based approach.toithe analysis.

ment of manufacturing requirements should at minimum include the following:

jon: Determine where the medical device will be built and packaged. This should incly
ble locations if the medical device, a subassembly or raw materials will be shipped betwe
ies prior to final packaging. The location should be assessed to determine whether th
1y environmental factors, which will-affect the decisions to be made for packaging syst
h. Also, if the same medical device'is'to be manufactured at multiple locations, any differen
ben those facilities should be identified.

For medical device mantufacturers that use contract manufacturers for packaging operations,

A.1 Des
A.1.1 Gq
In additio
annex pro
inputs sed
Al12 M
Prior to in
understarn
be subjec
labelling 4
An assess
a) Locat
multi
facilit]
are a
desig
betwd
NOTE
impor
in the
b) Equi
to de
a pac
need
c) Valid
valid
asse
d)

Lant to verify the contract'manufacturer has the minimum manufacturing requirements implemen
r quality system.

ment: A thorough-assessment of available packaging equipment should be completed in or
ign a cost-effective packaging system. This assessment will identify opportunities to des
aging systemithat is compatible with existing machinery. Also, it will identify any gaps t
o be filled\through the acquisition of additional packaging equipment.

tion:VA" key component of developing manufacturing processes for SBSs is SBS proc

h to the guidance given in the body of this document for I[SO 11607-1:2019 6/2:2' and 6.2.3, this

gn

gh
rill
nd

de
en
bre
bm
Ces

tis
ted

ler

gn
nat

PSS
nd

tion» The time and cost of validation activities for sterile barrier forming, sealing 3

Training: The time and cost of training operators to assemble the packaging system or run
assembling equipment should be considered for new packaging system designs.

A.1.3 Marketing guidance

The packaging designer should understand the fundamentals of how the medical device will be
marketed. A basic marketing plan will provide insights regarding the customers, markets and the
overall plan for the medical device. This information will be used to drive several key decisions
regarding the packaging system design.
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An assessment of the medical device marketing requirements should at a minimum include the
following:

a) Customers: The marketing plan can give key insights into who will be using the packaging system.
Factors related to the customer, as for example intended use of the SBS, conditions of use and
opening and how the packaging system is used will help guide basic decisions regarding packaging
system design.

b) Markets: The marketing plan will determine what markets the medical device will be submitted
to and eventually sold. This can be used to determine country specific requirements concerning

materials ]nhn”ing and distribution which could affect the r‘]pcign ofthe pnr‘lznging system.

c) | Configuration: A marketing plan can dictate whether the medical device needs tobe pdckaged in
single units, multi-packs or even whether the medical device needs to be part of a'kit yith other
medical devices. Typically, marketing will determine the need for these configurationd based on
the anticipated volume, the scope of the launch, average selling price in intehded markets and the
logistics associated with distribution. Though the packaging system designer does not always
participate in these decisions, they are key inputs to the design of the paekaging system.

A.1.4 Budget guidance

Prjor to the design of the packaging system for a medical déevice, there should be a|thorough
unferstanding of the budget for the packaging system design. Understanding the budget will help guide
critical decisions through all phases of the design of the packaging system.

An|assessment of budget requirements should at minimuin*include the following:

a) | Material: Determine that the cost of packaging'$ystem materials selected is approprigte for the
medical device. Additionally, consider the costs-of needed setup materials.

b) | Manufacturing: Determine the costs associated with assembling the packaging system. This
includes the cost of tooling, equipment; facility space, overhead, and labour.

c) | Supply chain: Determine the coSts associated with sending the medical device thfough the
distribution system. This inclides cost of interplant shipments, shipments to distributi¢n centres
and shipments to customers.

d)| Resources: Determine human resources and external competence resources needed.
e) | Deadline: Determine time needed and deadline for the project.

Thpugh an importdnt factor in business decisions, a budget does not influence conformance with either
paft of ISO 11607~1:2019 and ISO 11607-2:2019.

A.1.5 Regulatory guidance

It is critical to understand the regulatory path of the markets the medical devices will be djistributed
in.|THe requirements for regulatory approval often vary throughout different international regions and
can affect the decision-making process in the design of the packaging system.

A.2 Sterile barrier system and protective packaging design (packaging system
development)

A.2.1 Key elements in the design

A key component of the packaging system design process is gathering and assessing the design inputs
(ISO 11607-1:2019, Clause 6). The package development function should be included in the design
control system or process. The process of designing a packaging system for a terminally sterilized
medical device should begin very early in the overall development cycle for the medical device. It is
important to be engaged in the medical device development process and have a keen understanding
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of all of the attributes of the medical device, including all relevant medical device, sterilization and

manufacturing specifications.

SBS and protective packaging (i.e. packaging system) design can be performed in conjunction wit

h a

contract packager. Guidance on the use of contract packagers is available in Annex G of this document.

A.2.2 Selection and evaluation of materials

A.2.2.1 General

The medidal device manufacturer should make the final decision regarding the suitability of a packag
material gnd/or system to ensure efficacy of a sterilized medical device. When selecting appropri
materials) environmental aspects should also be considered, see Annex D of ISO 11607-1:2019:

A.2.2.2 (wuidance on sterilization requirements (ISO 11607-1:2019, 5.1.6 €) and 5:3)

ng
Ate

When asspssing the material characteristics important to the medical device, proeess, and end ussg, it

is critical to keep in mind that the material possesses characteristics appropriate for the sterilizat
process (¢.g. porosity for gaseous sterilization) as well as be able to withiStand the rigors of
sterilizatipn process. There are further details on sterilization in Annex F ofthis document.

A.2.2.3 Material physical properties

on
he

ISO 1160¥-1:2019, 6.2.2 requires for the selection and qualification of appropriate materials gnd

preforme
Some typical material physical properties that can be considered are listed in this section. Additio
properties are listed in 5.5.2.5 of this document.

The shap¢ and mass of the medical device, the typezof protective packaging (if applicable), and
transport|and storage systems will all play an important role in defining the SBS and/or packag
system aq well as its materials. While the onlyxdefinitive means of establishing the appropriaten

SBS to consider at a minimum the properties evaluatéd under ISO 11607-1:2019, Clausg 5.

nal

he

ng
PSS

of a packdging system is through actual use writh the medical device, a number of standard physical

propertie$ provide a base for evaluating potential materials for use in a given application. Manufactur
of packaging materials will make available values for some of these properties, but it is import
to reme

S
hnt

er they serve as a screening, tool, and are usually provided as typical values, rather tHan

specificatjon values where rigid télérances are imposed. A selection of these physical propertieq is

included ip Table A.1.

Table A.1 — Typical material properties

Property Description

Puncture fesistance The puncture resistance of a material could be important to consider if the medi

destroying its integrity.

device contains sharp edges or protrusions that may penetrate the packaging material,

ral

Abrasion feSistance Abrasion resistance is the ability of a surface to withstand the effects of repeated rubbi

ng,

£E- ] PR T n . A P | — . b TR
SUULITITE, dITU SUT AU S, DUTTITE UISTTTOULIUIT UILS T4IT UttUl UTUWETIL.

— the medical device and the SBS;
— the SBS and 2nd SBS;

— the SBS and the protective packaging.

Flexural durability

The ability of a material to withstand damage by repeated flexing or folding is described
as its flexural durability. The medical device shape, the type of protective packaging used,
and the transport system will determine the importance of this attribute.

Elongation The difference in length, expressed as a percentage of the original length, when a ma-
terial is subjected to a tensile load. Typically, elongation at break is reported. Because
elongation at break is beyond the elastic limit or yield point (the amount of force required
to permanently deform the material), its usefulness in predicting durability is limited.
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Table A.1 (continued)

:2021(E)

Property Description

Bond strength The bond strength is the amount of force needed to separate interlaminate plies of a
material.

Wet strength The wet strength could be important to consider if the packaging is sterilized in wet
conditions as moist heat and EO.

Permeation Properties |The permeation properties of a material may be important to consider if a medical device

is sensitive to the ingress or egress of moisture, oxygen, carbon dioxide, or o

ther gas.

A.

tZA Guidance on optical requirements of materials

There are several standard test methods which can be used to test optical properties’ of

md
of

wh
Op
fou

q

Vis
ex
ins

—

terials to assess if they meet visibility or appearance goals. Haze, which desciibes the
ight as it passes through a material, can be measured using guidance from ASTM D1003
ich is the reflectance or surface sheen of a substrate, can be determined‘with ASTM
acity is the ability of a material to stop the transmission of light, more information on wh
nd in ISO 24711771,

ibility and appearance requirements, if applicable, will be determined by the desired aest
hmple an SBS with high gloss versus one with a matte finish), labelling approach (for exam
ert could require an SBS with good clarity), and the desizeé, to’ see (or mask) the device

consider are haze, gloss, opacity, and clarity. Some examples®fjmaterial properties for these

arg

Fo

A’

M4
thi
an

 also included in Table A.1.

" test methods for the above-mentioned properties, refer to Annex B of ISO 11607-1:2019.

.2.5 Material processing guidance

ny SBS and/or packaging system specifications and process characterizations are d
ough dimensional measurements. Typical dimensional considerations related to medical
1 functions are overall length and width, inside length and width, and seal width. Other d

should be determined based on individual application and process performance requirement]

AS

Fri
sul
ing
md
for

SB
at

TM F2203![78] for linear measurement guidance.

pstrates, or themselves( For example, in stacking and auto-loading operations, materials
orrectly due to high levels of friction. Categorization of the static and kinetic coefficients of|
terials can help the“dependability of SBS and/or packaging system processing. See ASTM
further guidance:

S formation.,and sterility maintenance are dependent on sealability. Packaging material
A variety of conditions. Therefore, the characterization of the sealability of a packagin

can include the following: size of seal window, seal strength, seal evidence (if peelable]

pr
eq

cessability of temperature sensitive materials. It is a common practice to evaluate seal
hipment, and due to the variation in the location of thermocouples, seal tool mass and oth

packaging
scattering
175]. Gloss,
D2457176],
fich can be

hetics (for
ble, a label
. Areas to
attributes

btermined
device fit
mensions
s. Refer to

ction can affect the progessing of packaging materials when moving over metal surfaces, other

can feed
friction of
D1894[79]

5 can seal
r material
, and the
ng on lab
er factors,

sealing conditions can vary from one piece of equipment to another. See ASTM F202918Y],

Porosity, stretch (elongation) and printability are also important considerations. Excessively porous
materials can lead to issues with vacuum operated automatic handling equipment, whilst material
with too low porosity may give issues with the carton packing of product. Stretch (elongation) can
be an important factor since too much stretch can lead to problems maintaining print registration
on automatic packaging lines. Packaging materials with comparatively stable stretch (elongation),
and smooth and flat surfaces will give significantly improved reproduction of fine type and machine-
readable codes.
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A.2.3 Steps in packaging system design

A2.3.1

Design the sterile barrier system

Select the type of SBS and the materials of construction based on the information (design inputs)
gathered through participation in the medical device development process. Some common preformed
SBS types and SBS types are:

a) prefo
b) prefo
c) prefo
d) prefo

e) reusaple containers;

f) self-c

g) those

Specify apd document the materials, dimensions, tolerances, geometry~and physical characterist
of the SBY, based on the design inputs and in accordance with the procedures outlined in the qual

system.

NOTE

A.2.3.2

Specify a

protectivg packaging, in accordance with the procedures for the design and development.

A.2.3.3

a) Prodyce a prototype of the packaging system to determine if it is physically as intended by

desig
b) Ifthe

NOTE

A.2.3.4

NOTE

industry. The responsibility for specifying the labelling content is not generally the sole responsibility of

packaging

rmed tray and lid;

pa | 1.
ITICU lJULl\,ll,
‘med sterilization bag;

'med header bag;

bntained products with tortuous path closures;

requiring fabricating of SBS and making all seals - form/fill/seal and-four-side-sealing.

Assure tolerances are reasonable for the supplier capabilitieés and the equipment being used.

Design the protective packaging

nd document the materials, dimensions,(@eometry, and physical characteristics of

Prototype the packaging system

her. If the assessment is suceessful, proceed to feasibility testing.
prototype packaging system is unacceptable, return to the design phase.

Guidance for packaging system design feasibility testing can be found in A.4.

Labelling considerations for the packaging system design

The design/and printing of labelling is a critical and time-consuming activity in the medical dey

ics
ity

he

he

ice

usually thq reSponsibility of the packaging area or group.

the

area or group. Assuring that this specified labelling is incorporated into the packaging systen|| is

a) The completed labelling system should remain intact and legible at the point of use, be compatible with all
materials and processes, and not transfer to the medical device or react with the packaging system in a way
that impairs the usability of the packaging system.

b) Determine if labelling will be accomplished by printing directly on the packaging materials or by affixing

labels

to the packaging system.

c) Iflabels are used, specify the dimensions of die cut label stock, materials, coatings, and adhesives.

d) Iflabels are used, determine whether they will be pre-printed or printed on the manufacturing floor.

e) Specify the type of printing to be used. Printing types include but are not limited to laser, ink jet, and thermal
transfer.
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f)

g)

h)

A.B.1 General

Thiis clause proposes a process to assess the feasibility of the packaging process;

.B Packaging process feasibility evaluation

ISO/TS 16775:2021(E)

If necessary, specify system of printing variable medical device information on the labels. Variable
information includes but is not limited to lot or serial number, manufacturing date, and expiry date.

Incorporate instructions for use (IFU) and any included medical device literature into the packaging system
design.

Procedures should to be developed to maintain labelling processes under control to prevent mix-up of labels
and to prevent devices from being mislabelled (see also 6.11.2.3 of this document). It is also important to
examine labels for accuracy in correct expiration date, control number, storage and handling instructions or
other relevant information.

NOTE Conducting a packaging process feasibility evaluation is not a requirément of ISO 11607-1:2019 or

1SQ 11607-2:2019.

A.

De

B.2 Sterile barrier system manufacturing process

fine the manufacturing process for the chosen SBS. Establish a process map or flow chart for the

mgnufacturing process. Show each stage of the fabricating,)loading, sealing, and packing process.

Fo
va

pa

" each step, analyse potential risks for failure of the SBS{or packaging system as well as fources of
iation that could lead to quality issues. Evaluate risks;'decide on ways to control and reglesign the
kaging process accordingly (for guidance see Annex € of this document). Indicate packagihg system

mdterial and medical device movement. For guidan€e on determining process parameters, see Annex E

of

De|
flo|

a)
b)

A.

.3.3 Equipment installation qualification guidance

this document.

termine equipment IQ requirements-for each stage/piece of equipment defined in the procg¢ss map or
wchart. See 6.5 of this documentfor 1Q guidance.

If using existing equipment;determine whether new or current tooling will be used and assess 1Q
accordingly.

If using new equipment, perform IQ.

8.4 Trial run.with Prototypes

During procesS development produce prototype packaging system for initial testing. This is

re

P

—

ommended'as it reduces the risk for failure during validation of the packaging process.

btotype SBSs should be produced using process parameters that are to be used for SBS testing.

A.4 Packaging system design feasibility evaluation

A.4.1 General considerations

Th

poi

is is an engineering evaluation in which the packaging system (possibly only a prototype at this
int) is subjected to physical and climatic stresses and post stress testing analysis. Results of this

testing determine if the design is worth pursuing.

Th
a)

©lI

is testing typically assesses:

the condition of the post stress effects on the packaging system, labels and labelling;
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b) whether the packaging system containing the medical device and managed to protect it from being
physically damaged;

c) possible physical interactions between SBS and contents (e.g. protrusions, breaches, etc.);
d) SBS integrity.
Root cause analysis should be performed in case of identified issues.

NOTE Conducting a design feasibility evaluation is not a requirement of ISO 11607-1:2019 or
[SO 11607-2:2019.

A.4.2 Packaging system design feasibility plan
Use a docimented test plan employing validated test methods.
This test plan should include pass-fail criteria.

SBS tests|should be conducted on samples that have been constructed considering the worst-case
elements (ISO 11607-1:2019, 8.2.2) and manufacturing of samples should be as much as possible within
a standargl manufacturing processes flow.

A.4.3 Worst-case feasibility condition

To properly determine feasibility, determine worst-case conditions;and configurations to be tested/ or
what at this point in the process are believed to be worst-case,for a number of factors related to the
packaging system. These include but are not limited to:

a) SBS manufacturing (sealing parameters, etc.);

b) steriljzation process (parameters, number of cycles; etc.): it could not be necessary for the samplles
to be pterilized for initial feasibility testing;

c) packaging system configuration: This requires an understanding of how the medical device Will
be sold, what the unit of sale and the unit-of test will be. The same medical device could be sold in
many|packaging system configurations! As an example, it could be sold as a single medical devijice
in an [SBS with protective packaging in a box with the necessary labels and labelling. It could afso
be sold as a box of 12, 12 SBSscwiith protective packaging in a single box with the required lablels
and lgbelling. It could also be(sgld as 50 SBSs with protective packaging in a single box with all the
requifed labels and labelling, There could be pallet size units of sale as well.

d) shippjng configuration:this requires an understanding of how the medical device will be shipped
to thg customer;

e) distripution environment: this requires an understanding of the conditions under which the
medigal device will be shipped to the customer;

f) shelf life testing is usually not required at this point; however accelerated aging may be usgd.
ACCel - ‘e -:l: l_ l:' EA- l.'ll"!l e ne_e e 'e ll. el_ e_ ,_:l:- '-ll by
subjecting the fully processed protective packaging system to elevated temperatures in a controlled
environment. Real time is generally estimated by assuming the degradation of packaging materials
follows the kinetics described by the Arrhenius reaction rate function. For further guidance see
[SO 11607-1:2019, Annex B.

A.4.4 Pass/fail status of packaging system

On completion of testing determine whether the packaging system met the acceptance criteria for the
feasibility tests.

The packaging system passes the feasibility testing if the packaging system met all criteria set forth
in the test plan. This establishes confidence that the design will work. Begin preparing for packaging
system validation.
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If the packaging system failed to meet all of the criteria set forth in the test plan, the failure modes
should be determined and investigated. Corrective action(s) for the failures should be put in place. This
could include redesigning the concept and repeating feasibility. Guidance on determining failure mode
and appropriate corrective action is available in Annex I of this document.

© IS0 2021 - All rights reserved 59


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775:2021(E)

Annex B
(informative)

Guidance on the application of the ISO 11607 series in healthcare

B.1 Int

Packaging is a vital step in reprocessing. The user requires knowledge of the quality,and type
packaging required to maintain the sterility of medical devices. Packaging is available’in‘many tyj

and this a

This annei is intended to provide comprehensive guidance for safe and reliable/packaging of reusa

medical d

This anngx provides guidance on essential elements for the evaluation, ‘selection, inspection, g
proper use of preformed SBSs, SBSs, and packaging systems. The selection criteria are based on
requiremg¢nts of ISO 11607-1:2019 and I1SO 11607-2:2019 to help healthcare settings choose packag

generpl eharacteristics, selection, and purchasing of packaging;

I[( applies to the following:

facilities

roduction

hnex will address the types, quality and techniques used in healthcare settings.

pvices.

hat are appropriate for their intended use.

le sterilization pouches and reels;
zation wraps including

ble sterilization wrap;

Kable sterilization wrap;

ble sterilization container (systems including trays and cassettes intended for use
zation processes that do netrely on wrapping.

I, this annex addresses-items intended to facilitate aseptic presentation such as protect
b cases or trays thatrequire additional wrapping or an additional method of containment
bn and maintenance of sterility.

i provides g@iidance in the following areas:

es and procedures related to the use of packaging;

of
hes

ble

nd
he

ng

ive
for

tiom of tie deSIg, Performance, and tabetiing of packaging;

matching of packaging to appropriate sterilization methods and cycles;

testing and validation prior to use for

processes of preparation, assembly and sealing or closing of packaging including wrapping methods;

packaging performance and stability;

aseptic presentation and use;

quality assurance.

systems t
This anne
1) seala
2) steril
— reusa
— dispo
3) reusa
steril
In additio
organizin
sterilizati
This anne
a) polici
b)
c) evalu
d)
e)
f)
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B.2 General requirements

The healthcare facility should follow a documented plan for evaluating the choice of SBSs. Results
of testing should be compared to the acceptance criteria. The results of the evaluation should be
documented.

Validation documents and gathered data should be maintained in accordance with the policy of the
facility. In ISO 11607-1:2019, Clause 11 provides a list of information to be provided that can include the
type, size or grade and batch number identification of the materials tested, the sterilization processes,
any known expiry dates or suggested storage conditions, any known restrictions on handling or use,

1 £ L1 4 P | R P o 11 | | 4 £ 1t
an H IULI TCUSAUIT 111dilll Idls, L1IIT 11 Cqucuu_y dlIUvveu dIlu IIdtul U Ul ITIdITILTCIIdIITT,.

In

be|based on risk management. Each healthcare facility could have multiple and different

co

Th

a)

b)

healthcare facilities, the design and selection of appropriate SBSs and/or packaging syste

[sider, such as but not limited to equipment, staff, transport and storage constraints.
refore, individual risk management typically includes:

identification of potential failure mode(s) in the packaging progess, transport, st
associated risk (i.e. for loss of sterility);

determination of process failure modes that require mitigation;

modes are controlled and monitored.

ms should
ispects to

rage and

selection and implementation of action plan(s) to ensure that those packaging procgss failure

B.B Design and development guidance forpackaging systems (ISO 116074{1:2019,

Clause 6)

B.]

8.1 Design and development planning

When planning for the most appropriate packaging solution for sterile devices, it is important to focus

on|the priorities, which are the ability'to effectively sterilize, physical protection of the medi
the¢ maintenance of sterile barrier integrity (i.e. sterility) to the point of use and the ability to 3
trgnsfer the content to the sterile field without contaminating or damaging it.

B.!

The following are typicalinputs to be considered.

B.2 Design and development inputs

type of deviees,Specific requirements;
sterilization volumes to be handled;

methods of sterilization;

packaging methods, sealing equipment;

ral device,
septically

labelling requirements;

CSSD controlled environment requirements;

transport from CSSD to points of use or storage;
storage environment;

operating room: controlled environment requirements;
types of surgeries practiced;

end user requirements;

© IS0 2021 - All rights reserved
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— personnel handling packaging
— applicable standards, best practices, local recommendations and regulatory requirements;

— packaging waste handling requirements.

B.3.3 Packaging design and selection considerations

When a healthcare facility determines which packaging system to use, the design and development
guidance for those packaging systems should be considered (see requirements in ISO 11607-1:2019,
Clause 6). When a healthcare facility uses a contract packager or sterilizer additional consideratigons

are necesgary (see Annex G of this document).

The materials and systems chosen should:
a) beintiended for use in medical packaging applications, as stated by the manufacturer;

b) be supported by technical information from the manufacturer confirming that it meets the
requifements of ISO 11607-1 that relate to materials;

c) provifle adequate protection for the medical device(s) during specified/intended storage gnd
transportation conditions to the point of use;

NOTE[L In some parts of the world, EN 868 series[21-26] are used t0 support specific requirementg of
SO 11607-1

d) allow| for and be compatible with the intended sterilization process, and have the ability| to
withstand conditions of the chosen process;

NOTE[2  Not all materials are appropriate for all sterilization processes. Information on compatibility
with { given sterilization process is typically provided-by the manufacturer of the medical device and|/or
packaging system. For further explanation of challeniges of common sterilization processes see Annex I of
this dgcument.

e) mainfain sterile barrier integrity until itstime of use;
f) allow|for aseptic presentation at the.point of use;

NOTE|3 Instructions for aseptic presentation should be provided by the manufacturer of the medical
devicqd and/or packaging systeni.

g) allow|a method of closuné-that is tamper evident;
h) allow|for ease of identification of contents.

The user pf the packaging materials should ensure that the SBS or packaging system conforms wjith
ISO 11607-1, that.requirements concerning product compatibility are met and that processes [for
packaging, sterilization, storage and distribution are validated and controlled.

The selection’ process at the healthcare facility should include an evaluation of the ability of both the
SBS and protective packaging (if required) utilized to maintain the integrity of that SBS until its time of
use and permit aseptic presentation at the point of use.

The choice of packaging components will be dependent on the risk associated with the medical device,
its conditions of use, the storage and transport requirements and healthcare procedures practiced at
the facility. These risks should be analysed by the healthcare facility and procedures put in place to
mitigate/control those risks (see Annex C of this document).

To choose the most appropriate material for the SBS and/or packaging system, the following should be
considered:

1) Duration and conditions of storage can affect the type of SBS or packaging system needed. Some
items may be stored for some time before use and may require a more durable SBS and/or the
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2)

3)

4)

5)

ISO/TS 16775

addition of protective packaging. The more the SBS or packaging system is handled the g

:2021(E)

reater the

probability that cracks, lid deformation, gasket damage, tears, holes or material separation could

OCcCur.

Size, weight and shape of the item to be sterilized should be considered. Some items w
more durable or more flexible SBSs than others.

If multiple types of packaging components are to be used it is important to verify that co

ill require

mponents

are compatible with each other as well as the product contained inside and the intended sterilization
process. Examples of packaging components are pouches within pouches, trays within pouches,

inserts inside of nouches ortravs othernackaging accessories etc
r J 7 r O O 4

The means and conditions of transport should be considered. While in some cases 1
exclusively inside the facility, they can also be between different facilities. Exposu
packaging systems to the uncontrolled environment could significantly increaséthe risk
integrity of the package, compromise aseptic opening or contaminate the contents.

The need for single-layer or multi-layer packaging should be considered accordil
risk analysis and national requirements, best practices or recommendations. Refe
[SO 11607-1:2019, 6.1.8, or 5.17 of this document, on requirements‘for multi-layer pac
make sure that protective packaging and SBS are properly identified.

outes are
re of the
t of loss of

g to the
r also to
kaging to

B.3.4 Sealing Equipment Considerations

It is recommended to use only sealing equipment manufactured and intended for preformed $BSs.
NOTE1 Sealing equipment without a reproducible process.cannot be validated. E.g. simple bar seal¢rs without
fixg¢d settings for process variables are not suitable for sealing of SBSs in healthcare facilities because they cannot
be falidated.

The sealing equipment should be capable of mo#itoring the following sealing process variablgs:

—| temperature;

—| pressure;

—| dwell time/speed.

The sealing equipment should be equipped with a temperature controller. The sealing te;t‘lperature
tolerance typically should ot deviate by more than * 5 °C from the specified target temperature.
Tolerances for pressure-and dwell time are typically determined by the manufacturer of the sealing
eqpipment.

NOTE 2  For_semsitive SBSs (e.g. made from polyolefin nonwovens) it could be necessary that the sealing

eqliipment allows for flexible adjustment of alarm-levels within a tighter temperature band.

Th|
de
(ac

e optimum sealing temperature is established and confirmed during process validat
ining' the temperature (process variable), it should be ensured that only trained

ion. After
personnel

minictrn’rnr) can rhnngp the parameter Operators should have heen suitably trained, fu

ly comply

with appropriate operating procedures and stay within the validated process limits.

It is best practice that the sealing equipment stops the sealing process and/or alarms the user to ensure
that the packaging process is under control and within the established parameters (see ISO 11607-2:

20

19, 5.6: process control and monitoring).

A total seal width of at least 6 mm is considered best practice for healthcare pouches. In the case of
ribbed seals, the sum of the rib widths would be at least 6 mm following this recommendation. For all

©lI
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seals the peelability and aseptic presentation should be assessed. A seal width larger than 12-15 mm is
generally not considered good practice as it will be difficult to peel open.

NOTE 3

This best practice is based on EN 868-5[47], As this is a minimum requirement it can be necessary
to use sealing equipment that produce larger sealing seams. This recommendation does not apply to SBSs for
supplied single use medical devices.

The sealing equipment should be equipped with calibrated sensors for the process variables and these

should be

NOTE 4

recalibrated on a regular basis.

A calibration on-site could avoid transportation influences.

B.3.5 Assembly considerations

The seali
manufact

a) Medig

b) Sharp
medic

c) Assog

drying or aseptic presentation (e.g. inner wrap, instrument drganizer tray, tray liners or

conta

d) The pfrotection or associated components should:

— b

xplanation of challengesof common sterilization processes see Annex F of this document.

g equipment should be maintained following the recommendations provided by
irer. The following aspects should be considered:

al devices should be oriented to facilitate aseptic presentation.

items should be shielded so that the end user is protected from ihjury and the SBS 3
al device is protected from damage.

iated components can be used inside the SBS in order to ease oy facilitate the organizati

nment device around the medical device).

P non-toxic;
e intended for use in medical packaging applications, as stated by the manufacturer;

Fovide protection of the medical device(s) during storage and transportation to the point
Se;

low for and be compatible with the'intended sterilization process;
hve the ability to withstand.conditions of the chosen process;
OTE 1 Not all mdterials are appropriate for all sterilization processes. Information

mpatibility with a given,sterilization process is typically provided by the manufacturer. For furt

bt undergo chemiical or physical change after sterilization or within specified shelf-life to st
h extent that\the performance or safety is impaired or the medical device that they contac
verselyaffected;

Dt compromise aseptic presentation;

he

of

on
her

ich
L is

— a

low for easv identification of contents;

— be stored in a controlled environment to maintain cleanliness and fitness for use.

e) The weight of the packaging system and its contents should not exceed national regulations for
manual handling.

NOTE

64

2 Current national regulations range from about 5 kg to 11,4 kg.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775

B.4 Common choices for sterile barrier systems

B.4.1 General

Healthcare facilities are using mainly, but not limited to, the following packaging types:

sealable pouches and reels;
sterilization wrap;

reusable container

:2021(E)

Pr
of
SB

pr
ap

Wi
md
stq

B.
Se

pformed SBSs should be evaluated before purchase and use. It is useful to have a provided
conformance to the applicable clauses of ISO 11607-1: 2019 for the materials and/or
Ss to be purchased. Before introducing associated components (e.g. labels, tapés, tray 1
duction, users should confirm that they will be suitable and validate them for use in the
blications and conditions of use.

itten instructions for use should be obtained from the packaging material and/or medi
nufacturer concerning their recommendations for sterilization and-the subsequent main
rility of an SBS.

.2 Sealable pouches and reels (preformed sterile barrier systems)
hlable pouches and reels are typically purchased in two forms:

The continuous roll or reel type is sealed along both edges. The reel is unwound and
desired length. The medical device is placed between the two layers and both ends are se

the pouch and the fourth side is sealed.

The following aspects should be considered:

b)

The size of the pouch and the strength of the packaging materials should be based on t}
device which is going to be packaged. Items either too large for a package or with sharp
put extra pressure on the.seals and the materials. This can cause rupture. There should
space to make seal clostre possible. Too many small items in the SBS can cause the iten]
around, rupture the seal, penetrate or abrade the package materials. Thin or fragile mat
be damaged during.handling, distribution and storage.

If not specified-gtherwise by the manufacturer the preformed SBS should be filled up to a
of 75 % of the/inner surface area of the porous side. Care should also be taken to ensuf
distance from the seals is increased for products of greater height.

Whefiitwo pouches are used, the inner pouch should be able to move within the outer p

statement
reformed

H)ners) into

ir specific

cal device

enance of

cut to the
aled.

The pouch is pre-cut to a specific size and sealed on three sides. The medical device is placed inside

e medical
edges will
be enough
s to move
erials can

maximum
e that the

buch. This

allows penetration of the sterilant and prevents the pouches from sticking together ¢

luring the

sterilization process. Folding of the inner pouch in order to fit into the outer pouch or foldiing of the

d)

© IS0 2021 - All rights reserved

outer pouches should be avoided in order to prevent stressing or damage to the SBS. For combining
two pouches made from film and porous material it is important that film meets film and porous
material meets porous material for identification of content and permeation of sterilant.

All pouch seals, including closure seal, should be smooth, i.e. without folds, bubbles, or wrinkles.

Self-seal pouches and those closed with tape could provide less security than heat sealed pouches.
Sealing procedure should dictate that folds and closures should not be skewed, and care should be
taken to ensure that both corners are well sealed, in order to ensure a complete closure across the
entire end. Correct tape placement is critical to provide complete closure and thus SBS integrity.
Special attention should be paid to proper method of closure to ensure package integrity.
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g)

h)

j)

k)

B.4.3 SBS sterilization wrap

B.4.3.1 (eneral

Closing accessories that compress the package or medical device should not be used (e.g. ropes,
string, elastic bands, paperclips, staples or similar items).

The pouch should be loaded so that the enclosed medical device will be presented aseptically. For
instance, the grip of the medical device should be placed toward the opening end. It should be noted
that the seal areas are considered non-sterile when opened[81l.

The pouch should be opened according to the manufacturer instructions. If a specific peel direction
is needed to prevent delamination or shedding of fibres during opening, then that peel direction
should be followed. The formed package should show by design which direction the packaging has

to be ppened (e g-arrow sion shane of seal}
r O o 7 r J

Reels|are used for the packaging of medical devices of diverse dimensions that do not easily| fit
standprd preformed pouch sizes. In the absence of the chevron, the peel direction for reels-shopild
be pr¢vided by the manufacturer. Additionally, it is advisable to have more space abovge the seal that
is int¢nded to be opened according to the manufacturer's information. For pouchés formed frpm
reels,[to reduce the risk of fibre release in the seal area at opening and support aseptic opening if is
impogtant utilize validated conditions that permit peelability.

Attenfion should be paid to the importance of conducting scheduled maintenance and calibratjon
of the|sealing equipment and periodic validation of the sealing process:

Sterilizatipn wrap comes in many sizes and grades to accommodate a wide range of applications. If is
also available in single use or reusable fabric forms. Careful consideration should be given to the itpm
to be wrapped and the technique to be used. Sterilizatiogh wrap can be used for wrapping of individpal

medical devices or medical devices in instrument cases) cassettes or instrument organizing trays.

The following aspects should be considered:

a)

b)

d)

66

The grade of the sterilization wrap should be chosen according to the size, shape and weight of
the mledical devices to be wrapped or‘based on guidelines within the healthcare facility and wiap
manuffacturer’s recommendations for use.

The sjze of the sterilization wirap should be selected to achieve adequate coverage of the item bejng
packaged. It is essential towrap the item securely to prevent gaps, billowing and air pockets frpm
formipg. The item shouldnot be wrapped too tightly as this could create holes or tears in the wrpap.
It is allso necessary that the sterilization wrap be large enough to accommodate movement of the
wrap|during the sterilization cycle without ripping or tearing. When choosing sheets of sterilizatjon
wrap [the wrapper:should be large enough to cover the medical device, but it should not be so pig
that it has to.be)wrapped several times around the medical device, as this could impede sterilant
penetiration,

Propqréwrapping technique is essential to provide a tortuous pathway to impede microhial
migration into the SBS. A wrapping technique can be used if the manufacturer has demonstrated
the efficacy of this technique and recommends it for this application. The wrapping method chosen
should allow aseptic presentation of the medical device. The healthcare facility should verify or
validate the application in its own facilities per national or regional regulations. National standards
or professional guidelines for wrapping techniques can be available. Examples are given in this
annex.

The sterilization wrapping technique should be designed in a manner that the opened wrapper
should drape away from the sterile field.

The assembly surface area for wrapping should be flat, smooth, of adequate size, well-lit and clean.
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f)

g)
h)

B./

The drawings below illustrate several methods for wrapping medical devices prior to std
ese examples are mot’ intended to describe the only methods for wrapping as there
eptable methods:available. Wrapping can be performed sequentially or simultaneously.

Th
ac

Dif
en

ISO/TS 16775

:2021(E)

The wrapped package should be designed in a manner so that all edges are secured and do not
interfere with aseptic presentation into the sterile field.

Closure systems should provide evidence of tampering.

Indicator tape is the most common closure for wrapped packages and there are different kinds
of tape based on the method of sterilization, various strengths of tapes are also available. There
are different tapes designed for use on woven or nonwoven wrappers. Closures that compress the
package or medical device should not be used (e.g. ropes, strings, elastic bands, paperclips, staples
or similar items).

When reusable fabrics are used as sterilization wrap there are additional requirements
the suitability of the wrap prior to each use (see requirements in ISO 11607-1:2019, 5.1.12

}.3.2 General informatien:about wrapping methods

ferent methdds’can be used for the different layers, however for any wrapping method, it
sured that.the end users opening the package

understand how the wrapping is performed;

understand the configuration of the wrapping in terms of SBS and protective packaging (

Manufacturer should provide instructions for use, cleaning/laundering, and ‘stora

to ensure

).

be so that

barrier qualities are not compromised by improper handling or use of wrappers. The healthcare

facility should establish procedure based on those instruction to conformwith ISO 116
5.1.12 b).

The continued acceptability of each type of wrapping material should be moni
maintained by means of a quality assurance system that inclGdes an inspection of all
before using them for packaging. ISO 11607-1:2019, 5.1.10¢cequires that manufactur
guidance on inspection technique. Possible inspection techniques are by means of a
and by doing a water resistance test. In case of integrity-issues, the material should n
anymore.

NOTE Annex B of ISO 11607-1: 2019 includes a list«ofappropriate tests, for example ISO 811

It is important that the manufacturer provides information about microbial b3
maintenance of integrity over time in relation to the repeated use. Instruction for {
also include information on how the etfd of service life can be recognized by users.

The components of a wrapper (e,g glues, threads, bias binding, any mending or repair
should be compatible with the-base material and should not compromise the microb
of the completed product.

07-1:2019,

tored and
wrappers
br provide
light table
ot be used

82]

rrier and
Ise should

materials)
al barrier

rilization.
are other

should be

see 5.17 of

this document on double entry packages);

— can aseptically present the sterile contents (see usability evaluation in B.7).

Care should be taken to limit the area covered by tape and labels to ensure adequate porous area
for effective sterilization and drying. The acceptability of a wrapping method is dependent upon the
medical devices to be wrapped and should be determined by the user.

B.4.3.3 Envelope method

B.4.3.3.1 Simultaneous double envelope method

The wrapping and unwrapping steps are illustrated in Figures B.1 to B.4.

© IS0 2021 - All rights reserved
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> B> o

2 3

Step 1:
The medi

angle with the sheet diagonals.

Step 2:

The sheet
the longit
formed w

Step 3:

The same

Figure B.1 — Simultaneous double envelope method steps 1 to 3

al device(s) is/are placed on the middle of the sheet in such a way that its edges form a ri

is drawn upwards over the broader side of the medical device(s) and folded back parallel
idinal edge so that the sterilization load is completely covered. Thereby, a triangle (corner]
hich enables aseptic opening.

procedure as shown in step 2 is carried out fromcthe right to the left.

bht

to
is

=

Step 4:
The same
Step 5:
The last

Figure B.2 — Simultaneous double envelope method steps 4 to 6

procedureasishown in step 3 is carried out from left to right.

art of the sheet is now drawn over the medical device(s) to be wrapped. The corner of

sheetto b

he

Step 6:
The sheet

b cavered.is tucked into the pnvp]npn untilit }'ncf sticks out

is closed with a suitable closure system with or without process indicator.

The unwrapping steps for aseptic presentation are illustrated in Figure B.3. This figure illustrates the
simultaneous double wrapping, but the single wrapping works in the same way. A usability evaluation
(see 5.22 of this document) should be performed considering the actual use conditions and environment.

68

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775:2021(E)

71X Ay
4 5
6 7

Figure B.3 — Aseptic opening of simnltaneous double envelop wrapping

\/ﬂ

B.4.3.3.2 Sequential double envelope mrethod

-y

Figure B.4 illustrates the sequential déuble envelope method.

©
&
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Exe

5 6

Lty
o

Figure B.4 — Sequential double wrapping envelope method

The unwrapping steps for aseptic presentation*are illustrated in Figures B.5 and B.6. These figufes
illustrate the unwrapping sequential double.enyelope. A usability evaluation (see 5.22 of this documejnt)
should bejperformed considering the actual use conditions and environment.

o !

2 3

&

5

Figure B.5 — Aseptic opening of sequential double envelope wrapping by the non-sterile nurse
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G
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4

10

B.4
Th

4.3.4 Square fold / parallel' wrapping method

Figure B.6 — Aseptic opening of simultaneous double envelop wrapping by the sterile scrub
nurse

1.3.4.1 Simultaneous double square fold / parallel wrapping method

o

e steps for simultaneous square fold / parallel wrapping are illustrated in Figures B.7 to B\

2=

M \K;\%,Q

Figure B.7 — Simultaneous square fold / parallel wrapping steps 1 to 2

Step 1:

The medical device(s) is/are placed in the middle of the sheet.

Step 2:
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The front side of the sheet is wrapped over the medical device(s). The edge of the sheet is folded back
outward approximately to the level of the medical device(s).

A SN

Step 3:

The back
ends with|

Figure B.8 — Simultaneous square fold / parallel wrapping steps 3 to 4

cide of the sheet is folded forward. The edge of the sheet is folded outward so that the sh
the forward upper edge.

Steps 4 and 5:

The wrap
Step 6:
The sheet

is folded at the sides and laid over the medical device(s).

is closed with a suitable closure system with or without process indicator.

pet

=

5 6

The unwr
unwrappi
document]

Figure B.9 — Simultaheous square fold / parallel wrapping steps 5 and 6

hpping steps for aséptic presentation are illustrated in Figure B.10. This figure illustrates
ng of the squareffold simultaneous double wrapping. A usability evaluation (see 5.22 of t
) should be performed considering the actual use conditions and environment.

he
his

N
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- >
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Figure B.10 — Aseptic opening of square fold simultaneous double wrapping
by the non-sterile uurse

B.4.3.4.2 Sequential double square fold / parallebwrapping method

ure B.11 illustrates the sequential double square fold or parallel wrapping method.

e
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=

9 10

Figure B.11 — Square fold sequential double wrapping

The unwrapping steps for aseptic presentation are illustrated in Figures B.12 and B.13. These figures
illustrate the square fold sequential double wrapping. A usability evaluation (see 5.22 of this document)
should be performed considering the actual use conditions and environment.
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B S sl

Figure B.12 — Aseptic opening of square fold sequential double wrapping by non-sterile nurse

NS
&®>

—

A

Figure B.13 — Aseptic opening of square fold sequential double wrapping by sterile scrub nurse

B.4.4 Reusable containers

A rigid reusable container is designed to hold medical devices and accessories and is sterilized without
exterior wrapping. Reusable containers typically consist of a bottom or base with carrying handles and
a lid that is secured to the base by a latching mechanism. It can contain a basket or tray to hold medical
devices. The reusable container incorporates a means for air evacuation and sterilant penetration. In
regional or other standards, it can be referred to as a “rigid container” or a “reusable container”.
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Instrument cases, cassettes or organizing trays are containment devices but not SBSs. They should be
contained in an SBS.

When using rigid reusable containers, the following should be considered (see requirements in
ISO 11607-1:2019, 5.1.10):

a) Only filters which are proven to be compatible with the specific reusable container, particular
sterilization process and capable of maintaining sterility should be used. Filter manufacturer
should give documented evidence that demonstrates these capabilities.

b) Reusable containers should be inspected and prepared in accordance with the manufacturer’s
instryctions.

c¢) Tampkr evident devices appropriate for the sterilization process should be secured in accerdaince
with the reusable container manufacturer’s instructions and indicate that the SBS has-nhot begen
opendd and therefore the contents exposed to potential contamination before intended use.

d) Each reusable container should have a visible identification label and/or information card. ID lapel
and card should be appropriate for the sterilization process.

e) The sealing surfaces of the base and lid should be inspected for damage-“at each time of use| to
ensurle the proper closure of the reusable container.

f) The instrument organizing tray dimensions should be suitable fér use with the specific reusaple
contajner and sterilization method.

g) Procedures should be in place for the cleaning, disinfecting.and maintenance processes for reusaple
contajners after each use. These processes should be validated. Reusable containers should not{be
used peyond the manufacturer’s stated usable life (s€€ requirements in ISO 11607-1:2019, 5.1.12).
Procedures should be in place to ensure that the manufacturer’s stated usable life is not exceeded
(see requirements in ISO 11607-1:2019, 5.1.12).

h) As with all SBSs, to ensure aseptic presentation the outside of the reusable container and the jgint
betw¢en top and bottom should not come-in-contact with sterilized contents.

B.4.5 Protective packaging

Protectiv¢ packaging can be used td protect or prolong the shelf life of properly packaged and sterilized
items thaf could be subjected to.environmental challenges or multiple handling. Transportation|or
movemenf of the SBS in particular could require protective packaging to be applied to ensure that
distributipn and handling does not affect the SBS. Sterilized packages should be handled as little|as
possible. Loss of SBS integtity is regarded as event related rather than time related, therefore it is|[so
crucial tojguard against.damage to the SBS.

When pratective.packaging is used, the SBS should be clearly identifiable. Protective packaging is
designed fo provide additional protection against damage and outside elements or against damage frpm
the devicd itself: In this sense protective packaging can be outside of the SBS or inside, but in both cages
the objectjiveiis to protect the SBS against loss of integrity (e.g. trays, baskets, etc.). Some devices come
with a protection (e.g. a tip protector) that is an accessory of the device and it can be used to protect the
SBS and the end user. The IFU should be consulted to see if it is appropriate to leave these protectors
on the devices during sterilization as some protectors might adversely affect the sterilization process.
If protective packaging is to be applied after steam sterilization, it should be applied once the items are
thoroughly cool and dry.

To facilitate aseptic presentation, trays can be wrapped with sterilization wrap prior to placement in an
SBS (see figures B.14 and B.15).
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Figure B.14 — Single Envelop Method for innér wrap - wrapping
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Figure B.15 — Single Envelop Method for inner wrap -Aseptic opening

National or regional regulations can require that protective packaging is used to avoid the potential
contamination of the surgical environment. These regulations can also require that the protective
packaging is removed prior to introduction of the SBS into the surgical environment.

B.5 Packaging system performance testing (ISO 11607-1:2019, 8.2)

Before any packaging system is used in a facility for the first time, its performance should be tested.
Performance testing should allow verification on how well the SBS or packaging system holds up to the
rigours of anticipated conditions of handling, distribution and storage, before and after sterilization.
The SBS needs to maintain its integrity without any holes, tears or seal/closure rupture that can be
caused by the imposed stresses.
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Performance testing should:

a) be evaluated through all the intended processes of sterilization, handling, distribution and storage,
up to the point of use;

b) be evaluated for expected worst-case scenarios. In determining these, a number of factors should
be considered. These include but are not limited to:

— Assembly of SBSs which contain the medical device configuration which presents the greatest
challenge to the SBS (e.g. biggest, heaviest, most dense, sharpest items see 1SO 11607-1:2019,
8.2.2).

— Spmples for verification testing should be prepared to allow monitoring of the efficacy ofthe
sterilization process depending on national or regional requirements for the monitering of
terilization efficacy. Examples include but are not limited to biological, chemicalindicatprs
of process challenge device (PCD) by measuring and recording of physical parameters using
thermocouples or data loggers. Determination of suitability can be carried, out concurrently
with validation of the sterilization process(es) to be used. Medical devices-should be packaged
and sterilized in accordance with the instructions of the manufacturer‘of-the medical devjice
ahd preformed SBS.

%]

— Sterilization of the SBS in the intended sterilization process, considering mixed loads or fylly
ldaded sterilizer chambers.

— Hiandling / distribution / storage / opening of the SBS.

Consideration should be given to the environment and other conditions in which the SBS or packaging
system will be stored. Packaged products pressed tightly into bins and storage locations increases the
chance of|shear action between two sets of packaged medical devices and can be detrimental caus|ng
pinholes gnd tears.

It is parti¢ularly important to consider all conditions of storage and distribution, as many sterilizatjon
sites are rjot adjacent to the point of use.

After performance testing, healthcare facilities should visually inspect the sample SBSs for package
integrity [no holes or tears) and seal integrity, then verify that sterilization parameters have bgen
achieved.

If more thprough testing is desired, alternative test methods can be found in ISO 11607-1:2019, Annex B.

If an SBS |s designed to be réusable and a degradation of performance characteristics is predicted|by
the manufacturer (see ISC41607-1:2019, 5.1.11 and 5.1.12) the monitoring or inspection system uged
should clefarly identify mrhen the end of the useful life has been reached as defined by the manufacturer.

B.6 Stefile barrier system stability evaluation (shelf life) (ISO 11607-1:2019, 8.3)

Evaluatiop con“the ability of the SBS materials or preformed SBSs to maintain their performaz
charactertst and—seal—integrity—over—tine—ts—normalty—performed—by—the—manufacturer—e
preformed SBS (see also requirements in ISO 11607-1:2019, 8.3.6).

NOTE1 Suggested storage conditions and shelf life can be provided by the material or preformed SBS
manufacturer. If anticipated or actual storage is outside these conditions the manufacturer should be consulted.

However, even though the materials have been shown to be an acceptable microbial barrier, the
healthcare facility should demonstrate that the assembled SBS or packaging system can maintain
integrity under the anticipated environmental conditions until the time of use.

Loss of SBS integrity is regarded as event related rather than time related and is dependent on the
performance of the SBS or packaging system, as well as the possible interaction between the medical
device and the selected SBS, the storage conditions, the conditions during transport and the amount of
handling. Appropriate storage environment includes a wide variety of considerations, i.e. preventing
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any damage, maintaining temperature and humidity stability, limiting exposure to dust and sunlight,
keeping protective packaging in place, minimizing handling, physical separation of clean and
contaminated items, etc.

Maximizing maintenance of package integrity by limiting the risk of damage to the SBS can be greatly
influenced by adequate inventory control and management systems.

NOTE 2  National or regional guidance can give further information on storage requirements, such as distance
from floor and ceiling, stock rotation, cleaning of storage area, more specific limits on temperature and humidity,
type of shelving non-porous, enclosed and dedicated room, ventilation air exchanges and air quality, air borne
particles.

B./ Allowing for aseptic presentation
The opening of the sterile packaging and the transfer of the device(s) into the, sterile fleld while
mdintaining sterility is an essential and critical last step to provide sterile~devices for|a clinical
procedure. The packaging needs to allow for easy opening without contaminating or |[damaging
the device such that it supports aseptic presentation techniques to minimize the risk of|microbial
coptamination. See also 5.13 of this document for further guidance onaseptic presentation|as part of
the¢ design input for sterile packaging systems. When healthcare facilities implement their packaging
solutions for the various device families based on standard packaging configurations, the|following
should be considered for aseptic presentation:

a) | The end user requirements and the specific clinieal“procedure requirements inclpding the
requirements of any controlled environments.

b)| The device requirements, size, weight, risk, etc.

c) | The specific requirements and potential hazards of the standard packaging configuratipns based
on the supplier’s information. See alsoB4 of this annex with guidance on specific packaging
configurations.

NOTE The opening of large pouches can be more difficult if the enclosed content does not stabilize the
package. Opening of large packs can\be improved by using a table if this is possible. Transfer of the device
can be difficult if the packaging is‘teo small compared to the device.

d)| The assembly requirements‘of the device(s) and its packaging to support transfer of the device (see
also B.3.5 in this anneX onf assembly considerations).

e) | The specificationofsealing and closures to support easy opening.

f) | When defining,adequate protective packaging, this should include when such packaging|should be
removed afid-what protective packaging should be opened at the point of use.

g) | Providing required labelling, easily readable in an appropriate location with an indication of
thetSBS(s) if the packaging to be opened at the point of use consists of more than one packaging
layer(see also 5.17 of this document on requirements for multilayer packaging).

h) Establishing specific instructions for end users for aseptic presentation if required.

The recent version of ISO 11607-1:2019 introduces a new requirement to conduct a usability evaluation
to demonstrate that an SBS or packaging system meets the requirements and allows for aseptic
presentation. See 5.22 and 5.23 of this document on evaluation of aseptic presentation and on leveraging
this for device families as well as how to deal with usability evaluation failures. For healthcare facilities
the following can be considered for such usability evaluations:

1) Device and packaging families should be defined to leverage the effort. A family could be defined
for example for all reusable containers with baskets, for sterilization wrap with internal baskets,
for pouches with individual devices, etc. For the pouches, the evaluation could then focus on the
worst-case devices, the largest, the heaviest or the smallest.

©1S0 2021 - All rights reserved 79


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775:2021(E)

2)

3)

B.8 Validation requirements for forming, sealing and assembly processes

B.8.1 General

The evaluation should ideally be conducted with the end users, normally available more easily in
a healthcare facility. This allows also to assess the status of training and to define any training
needs.

Usability evaluation observations should be noted. These observations could result in actions to
deal with failure or to further optimize the packaging or training of personnel. In case of failure
a re-evaluation will be necessary after any changes have been made or if instructions for use are
required, see also 5.24 of this document.

NOTE Most medical device manufacturers will be conducting their packaging usability evaluations as
part of their overall device usability studies following US FDA guidancel6ll or JEC 62366-1160]

ISO 11607-2:2019 addresses the validation requirements for all packaging processes. This includes the

assembly pr filling and the following processes:

sealiflg process: pouch, reel, or bag forming and sealing;
wrapping process: sterilization wrap folding and closing of sterilization wraps;

reusaple container process: closing of reusable containers.

Validatior] of processes may rely on data from previous installation qualification (IQ) and operatiopal

qualificatjon (OQ). That data can be used for determination of the tolerances for critical parameters,

The packaging process activities should be executed in the frame of a formal quality management
system. While there are regional differences between fiealthcare quality systems, key elements include,
(but are rjot limited to) an efficient system of document control, a formal education process, procgss
control/monitoring, and a corrective/preventive<aetion system to maintain (and continuously improye)

the effectiveness of the packaging processes.

The definitions for 1Q, OQ and Performance Qualification (PQ) in ISO 11607-2:2019 all refer|to
equipment used in the sealing or closing process. However, all forming, sealing and assembly processes
require manual operations. Consequently, the functions performed by persons should be included| as

part of th¢ validation.

Typically, jan IQ is only performed when there is equipment to be installed. Alternatively, for a procgess
that involves only peopletand their execution of tasks, the development of the Standard Operating
Procedur¢s (SOP) and the training on them can be considered by some facilities to be an IQ. The trainjng

of the spefific operaters employed for the OQ and PQ should be documented in those reports.

Fundamentally, asdocumented method of validation or a standard procedure for validation should ex|st.

This documented method or procedure consists of:

a)
b)

d)

80

drafting of a validation plan (see B.8.2);

implementation of validation (see B.8.3) consisting of:

— 1Q (see ISO 11607-2:2019, 5.2);

— 0Q (see1S0 11607-2:2019, 5.3);

— PQ (see IS0 11607-2:2019, 5.4);

procedure for addressing failure and corrective action to be taken;

validation approval (see B.8.4);
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process control and routine monitoring (see B.8.5);

process/packaging changes and revalidation (see B.10).

B.8.2 Drafting of validation plan

At a minimum, the validation plan should include the following information:

:2021(E)

a) responsibilities (i.e. facility, location, name of person responsible for validation and operator);

b) description of the sealing and closure procedures/SOP's (e.g. heat sealing of pouches, wrapping and
closing of SBS, loading and closure of reusable container);

c) | description of the SBSs used and if relevant, of optional protective packaging (e.g: manufacturer’s
description);

d)| description of SBS contents utilized. SBSs should be assembled as for normal use, see B.3.5 and B.4
of this annex;

e) | description of the sterilization process (e.g. moist heat sterilization.at'134 °C and 121 °{, Ethylene
oxide (EO), vaporized hydrogen peroxide (VH202), low temperature’ steam formaldehyde (LTSF)),
including the process parameters and loading configuration used;

f) | description of transport, distribution and storage of the re§pective SBSs;

g) | qualification steps (IQ, 0Q and PQ), (see ISO 11607-2:2019, 5.2, 5.3 and 5.4) for further explanations
for each process see B.9.1, B.9.2, B.9.3 and B.9.4 of thissannex;

h) | sample size taking into consideration that the mufber of units to be tested should be baged upon a
statistically valid rationale (see Annex D of thissdocument);

NOTE It is important to understand thatthe sample size greatly influences the confidencp level and
the reliability. Tools for determining sample size can easily be found by searching the internef using the
keywords “sample, size, calculator”.

i) | acceptance criteria taking intg ¢ensideration that the user should determine which atgributes(s)
will be evaluated, the method of evaluation and the results that will be considered acceptable;

j) | establishing and confirming procedures for process control and monitoring to maintain ah effective
process;

k) | validation approval.

The validation plan checklists in Annexes K, L and M of this document can be used. A separate

validation plan'should be used for each different combination of sterilization procedure and SBS and/

or packagingsystem (manufacturer, type, etc.), Table ].1 shown in Annex ] of this document cdn be used
for) organizational purposes.

B.8.3) Implementation of validation

After drafting the validation plan, the validation activities will commence according to the validation
plan. For guidance specific to each of the three processes described in B.9 of this annex please refer to
the following sections: sealing process (B.9.1), wrapping process (B.9.3), and reusable container process
(B.9.4).

B.8.4 Validation approval

The documented and evaluated validation report should allow traceability and should be approved by
the responsible person as defined in the approved validation plan (see Annex ] of this document).

Deviations should be resolved and approved prior to approval of the validation report. The impact of
the deviation on the validation study should be assessed to establish if the study should be repeated.
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The 1Q report should be approved prior to the execution of the 0Q. Also, the OQ report should
approved prior to the execution of the PQ.

be

After each step, failures or deviations should be investigated to determine the root cause and implement
corrective action before starting the next validation step. The need for completely or partially repeating
the previous validation step should be evaluated. Corrective or preventive actions should be managed

using a formal system and the effectiveness of the actions should be evaluated and documented.

B.8.5 Process control and routine monitoring
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establishdd parameters during routine operation.

Process parameters should be routinely monitored and documented based on the requireme
establishgd in the process specification.

B.9 Validation of common sterile barrier systems use in healthcare facilities

B.9.1 Validation of the sealing process (pouch, reel or bag forming‘and sealing) of
preformgd sterile barrier systems

Informatipn on the validation of the sealing process of the preformed seals should be available from
preformedl SBS manufacturer, this process validation pertains to the closure seal(s) made at the sitd
the healtHcare facility.

B.9.1.1 [nstallation Qualification

This means that the sealing equipment should be appropriate and correctly installed. The seal
equipmenr] should come pre-calibrated from the factory with a calibration certificate and the facil
should haje an ongoing calibration program in place to ensure the correct sealing parameters at

sealing inferface. In addition, the operators should be trained on how to correctly operate the seal
equipment.

The folloving IQ aspects should be considered: environmental conditions such as cleanling
temperatyre, humidity; documentedfeperated training; operating manual or procedure.

The following questions should be.addressed:

a) Is the process specification with process variables and parameters defined (e.g. the proc
parameters should be'defined for at least temperature, contact pressure and sealing/dwell time

NOTE[1  If using.rotary sealing equipment, the dwell time is typically expressed as a sealing speed
metrep per mindte). If using a bar sealer, the dwell time is the amount of time the heated bars are in con]
with the packaging materials.

b) Does the sealing equipment include systems to control, set or monitor process variables?
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NOTE 2 In most cases, temperature is controlled by the equipment while pressure and dwell time or

speed are set and monitored.

c) Does the sealing equipment include an alarm, warning system or machine stop in the event that a

process variable exceeds the limits?

d) Are the specifications for seals to be created known and understood (i.e. specific seal width if

regulated by national standards)?

e) Are documented plans for preventative maintenance and cleaning available to the operators?

f) Have all operators been trained how to operate the sealing equipment and has this been

documented?
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For the implementation of the IQ the use of a checklist is recommended.

The IQ checklist in Annex M of this document can be used for documentation purposes.

B.9.1.2 Operational Qualification

The sealing temperature range to be used in a healthcare facility should be determined by that
facility using information provided by the preformed SBS manufacturer and the sealing equipment
manufacturer.

a defined

The sealing equipment manufacturer typically provides information on how procéss-varjables are
mqnitored/controlled based on established process parameters.

Coptact pressure and seal/dwell time are generally preset to a certain range by(the sealing ¢quipment
mgnufacturer and it is important to ensure that the equipment is capable of obtaining [the limits
re¢jommended by the preformed SBS manufacturer. In conditions of use“different SBSs could require
diffferent sealing temperatures.

Us]ng the information provided the operator should seal SBSs at théwpper and lower limits anf evaluate
the¢ quality of the seals produced. The sealing equipment should be’ checked before use that if has been
calibrated.

Oplerators should be trained and assessed for competency:in heat sealing process.

Pafkages should be assembled in accordance with?a documented procedure. In assembling these
pagkages, the worst-case configuration should be ingluded (see 5.18 of this document).

Samples should be sealed and evaluated at each adjustable upper and lower parameter limit. For a
limit to be considered successfully established, all samples should pass the acceptance criteria. The
ac¢eptance criteria for sealed SBSs shouldvinclude:

a) | intact seal for a specified seal width;

b) | no channels or open seals;

c) | no punctures or tears;

d)| no wrinkles or creases that traverse the seal width;

e) | after the intended sterilization process, no material delamination or tearing upon pe¢l opening
that woulddnterfere with the aseptic presentation;

f) | recommended to check that minimum seal strength is met.

When“destructive tests are used for the evaluation of seals, multiple sets of packaged prdducts per
sealing parameter should be prepared.

In order to achieve the above acceptance criteria after sterilization a minimum seal strength is normally
necessary. If the measurement of seal strength is not performed during 0Q, there could be a higher risk
of not meeting the acceptance criteria during PQ, which would require performing the OQ again.

NOTE1 EN 868-54Z] indicates a minimum reference value of 1,5 N per 15 mm for moist heat sterilization
processes and 1,2 N per 15 mm for other sterilization processes. In EN 868-5, the seal strength value is
determined as the average over the seal width curve excluding 10 % on either end.

These quality properties should be checked with an appropriate system (e.g. commercially available
dye penetration test Kits or other seal integrity indicator). The results should be documented.

Seal integrity indicator should consist of the same material as the porous material of the pouch or reel
(e.g. EN 868-3[22]), If the quality properties are achieved at both the upper and lower limits, the set
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point is typically the average of these two values (e.g. lower limit = 170° C and upper limit = 190° C;
sealing temperature = 180° C).

The 0Q checklist in Annex M of this document can be used to define the sealing temperature.

B.9.1.3 Performance qualification

The PQ demonstrates that the process, including both the equipment and the operator, will consistently
produce acceptable SBSs under specified operating conditions.

The followingshould be considered:

a)
b)

d)

f)

g)

Evaluption of the SBS should be performed after the SBS has been sealed and sterilized.

The batch documentation for batches used during the validation studies should forpipart of
validdtion records. The batch identification should include, but is not limited to:

— operator;

— time and date;

— sterilization process, parameters and cycle number;
— SBS materials used;

— cpntents of SBS;

— hpat sealing equipment used.

he

The calibration of the test equipment and sealing equipment should be checked using the procediire

recommended by the manufacturer. This should betarried out before sealing takes place.

Samples should be sealed and evaluated. All samples should pass the acceptance criteria
specified in the validation plan, see B.8.2.

In order to achieve the acceptance criteria after sterilization a minimum seal strength is norma
necespary.

Wher] destructive tests are used for the evaluation of seals multiple sets of packaged products j
sealinjg parameter have to belprepared.

Threg batches or sets of Sealed SBSs should be made; these batches should encompass the potent
signifficant sources of-variation such as operator, time of day, material (size, source, lot), §
contehts. Package eontents that present the greatest challenge (worst-case) should be included.

Test spmples af the SBS should be sterilized using the sterilization process(es) previously identif
as being appropriate to demonstrate suitability of the SBS. Three batches of test samples should
expoded to'the same sterilization process in three separate cycles to demonstrate reproducibilit
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worst-case handling, distribution, and storage conditions until th
criteria from 0Q. Results should be documented. See also B.5 and ISO 11607-1:2019, 8.2.

The checklist for the PQ in Annex M of this document can be used for documentation purposes.

B.9.1.4 Routine monitoring

3 ected
e point of use, using acceptance

Optimal process parameters (e.g. sealing temperature) are established and confirmed during process
validation. In addition, routine controls have to be defined to ensure that the process stays under control
and that process deviations are detected. For example, process deviations could be due to mechanical
wear, raw material variations or changes as well as process control issues.

84

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775

:2021(E)

Healthcare facilities should develop a rigorous plan for routine monitoring (e.g. daily verification).

For routine monitoring of the sealing process the following methods are recommended:

Test method: Specification

Peel Test (EN 868-5[47], Annex E) Verification of the peelability and fibre te

ar

Dye penetration test (ASTM F1929(63]) Verification of the integrity of the seal

Seal strengths test (ASTM F88[46l/ EN 868-5[47],
Annex D)

Verification of the strength of the seal

NOTE1  Seal indicators or seal check strips allow visual verification that the sealing instrumenti
scrjatches, cavities, deposits or folds in the film that could lead to sealing issues.

NOTE 2 A combined application of the test methods is recommended.

The healthcare facility should consider regular monitoring by a separate person observing
performing the tasks and comparing with expectations defined in the procedures. Deviations|
red¢orded and reviewed.

B.9.2 Self-sealing or taped pouches

While the use of self-sealing or taped pouches is discouraged when-heat sealing equipment an
ar¢ available, the assembly and closure of these should be validated if they are used (see requif
ISQ 11607-2:2019, 5.1.1). All appropriate elements and steps/of validation detailed in ISO 116
Clquse 5 should be addressed.

B.9.3 Validation of the wrapping process (felding and closing of sterilization wr

B.9.3.1 Installation qualification

Although a wrapping process is typically a manual process, the following 1Q aspects
considered: environmental conditions; such as cleanliness, temperature, humidity; dodg
opprated training; operating manual,er procedure.

B.9.3.2 Operational qualification

Th
an
m4

ere should be a documented procedure for assembly of packages. This method should cons
1 B.4.3. Guidance onthe assembly and closure of wrapped packages can be obtained from
nufacturer.

Op

tonituous pathway to impede passage of microorganisms (see B.4.3.2).

rkages.should be assembled in accordance with a documented procedure. In assemb

5 free from

operators
should be

d pouches
ementsin
07-2:2019,

aps)

should be
umented/

ider B.3.5
the wrap

erators shodld-be trained and assessed for competency. The folding methods should constitute a

ing these
. Samples

rkages, the worst-case configuration should be included, see Annex G of this document
osed/sealedand e ed, A e criteri

Depending upon the test methods used for the evaluation of the closure(s) multiple sets
should be prepared.

lidance on

per batch

SBSs are evaluated for SBS integrity and proper closure. Acceptance criteria should include, but are not

limited to:

a) closure continuity and integrity;

b) absence of channels, openings or gaps;
c) absence of punctures or tears;
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d) absence of material failure (such as delamination or separation) upon opening;

e) unwrapping or opening should demonstrate that the SBS is capable of enabling aseptic presentation

of the contents;
f) sterilization parameters are achieved;
g) drying parameters are achieved.

In addition to the evaluation of the closed SBSs the package should be opened and assessed
conformance to the documented assembly procedure.

for

The 0Q checklist in Annex K of this document can be used.

B.9.3.3 Performance Qualification

The PQ demonstrates that the wrapping process will consistently produce acceptable SBSs un
specified pperating conditions:

a) Evaluption of the SBS should be performed after the SBS has been closed and sterilized.

b) The batch documentation for batches used during the validation studies should form part of
validgtion records. The batch identification should include, but is notdimited to:

— operator;

— time and date;

— sferilization process, parameters and cycle number;
— SBS materials used;

— closure tape used;

— cpntents of SBS.

c) Thregq batches of test samples should be’exposed to the same sterilization process in three separ
cycleg to demonstrate reproducibility.

er

he

hte

d) Threg batches or sets of cloSed”SBSs should be assembled in accordance with the documented

proceldures of the facility. These three batches should encompass the potential significant sour
of vatiation such as operator, time of day, material (size, source, lot), SBS contents. The conte

fes
nts

that fgresent the greatest challenge (worst-case) should be included. If a reusable SBS is expoged

to multiple and/or-different sterilization processes to achieve terminal sterilization the validat

on

shoulfl cover all processes in the order performed. The reuse of SBSs intended for single use is ad

practjce and should not be permitted.

e) Samples.shotuld be sealed/closed and evaluated. All samples should pass the acceptance critefia.

For glilidance on sample size see B.8.2 h).

f) Depending upon the test methods used for the evaluation of the closure(s) multiple sets per batch

should be prepared.

g) The SBSs should be evaluated after exposure to the sterilization process and after the expected
worst-case handling, distribution, and storage conditions until the point of use, using acceptance

criteria from OQ. Results should be documented.

NOTE The checklist for the wrapping process PQ in Annex K of this document can be used
documentation purposes.

for
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Inspection steps defined under B.9.3.2 (0Q) above are critical and ongoing vigilance is required during
wrapping processes. Any material that does not meet the requirements should be excluded for disposal.

For all grades of wrapping materials used for SBS and/or packaging system, the adhesive performance

of closure tape is a critical point to ensure packaging integrity.

Depending on the type of sterilization process, vacuum can provide stress on the packaging and

represent a significant challenge for closure tape performance.

Before sterilization, closure tape should be applied and positioned according to initial
indluding OQ, PQ as per specified in B.9.3.2 and B.9.3.3.

After sterilization, operators should visually check individual packs and ensurec¢that eac
clgsure tape is still properly positioned on the wrapping material.

The healthcare facility should consider regular monitoring by a separate person observing
performing the tasks and comparing with expectations defined in the progedures. Deviations|
red¢orded and reviewed.

B.S
re

D.4 Validation of the reusable container process (filling, closing and processir]
isable containers before use)

IS) 11607-2 and this guidance addresses filling and closifigvof reusable containers, but th
adflress processing of these reusable containers prior to their reuse. In healthcare applicatior
containers should however be subjected to a defined validated process for washing, disinfe

controls prior to reuse.

When performing process validations using reusable containers, it is important to make sur
mgnufacturer's instructions for use (of the reusable container and the washing/disinfecting/
eqliipment) are met for each type of reusable container system used. Best practice is for th
containers to go through the same decontamination process as the medical devices sincg
containers and medical devices later:ate to be combined.

B.9.4.1 Installation qualification

Alghough filling and closing-of reusable containers is typically a manual process, the fol
aspects should be considered:

a)
b)
c)
If 1

environmentalconditions such as cleanliness, temperature, humidity;
documented/operated training;
operating manual or procedure.

hachine equipment is used, then IQ should be performed in accordance with ISO 11607-2:2

validation

h piece of

operators
should be

1g of

ey do not
, reusable
ction and

e that the
sterilizing
b reusable
b reusable

lowing 1Q

019, 5.2.

B.9.4.2 Operational qualification

There should be documented procedures for assessment for damage, filling and closing of the reusable

containers. These procedures should consider B.3.5 and B.4.4.

Operators should be trained and assessed for competency. The (standard) operating procedu

be documented and approved prior to beginning the process qualification.

Reusable containers should be cleaned, checked, loaded and closed with a tamper evident

re has to

system in

accordance with the manufacturer's instructions for use and documented procedure of the healthcare
facility. In defining the load of these reusable containers, the worst-case configuration of content should
be included, (e.g. reusable container loading with respect to weight, volume, size and material). The

validation should also include typical routine activities such as filter changes made by ope

© IS0 2021 - All rights reserved
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samples inspected should pass the acceptance criteria. For guidance on sample size see Annex D of this
document. For this qualification the reusable containers can be loaded and assembled at one time or
over time using the same reusable container(s), depending on the conditions of use.

Assembled and loaded reusable containers should be evaluated for SBS integrity and proper closure.
Acceptance criteria should include, but are not limited to checking:

a) the sealing, mating surfaces of the reusable container bottom and lid to ensure that they are not
dented or chipped;

b) that filter retention mechanisms and fasteners, such as screws and rivets, are secure and not
distorted or burred;

c) that dosing mechanisms are functioning properly;

d) thatthe integrity of the filter system is not compromised;

e) that gaskets are not brittle, securely fastened, and without breaks, cuts or other imperfections;

f) that vjalve-systems work freely;

g) closure continuity and integrity;

h) no damage of filters, mechanical valve elements, or sterilant port;

i) ability to open the reusable container without damage to conténts;

j)  the dg¢sign of the reusable container should allow for asepticpresentation of the contents;

k) tampé¢r evident mechanism is effective and intact.

The 0Q checklist in Annex L can be used.

B.9.4.3 Performance Qualification

The manufacturer of the reusable container:should provide evidence to demonstrate the suitability of

the reusalle container with a specified sterilization process and of the ability of the sterilized reusaple

container|to maintain sterility of its eontents. The PQ demonstrates that the process of loading, filling
and closing will consistently produce acceptable SBSs under specified operating conditions.

Evaluatiop of the SBS should be performed after the SBS has been closed and sterilized. The follow]ng

points neg¢d to be considered:

a) The batch documentation for batches used during the validation studies should form part of the
validgtion records.The batch identification should include, but is not limited to:

— operatoridentification;

— tilme and date;

— sterilization process, parameters and cycle number;
— SBS materials used;

— any tamper evident closure used;

— contents of SBS.

b) Three batches or sets of closed SBS(s) should be assembled in accordance with the facility's
documented procedures. These three batches should encompass the potential significant sources
of variation such as operator, time of day, material (size, source, lot), SBS contents. The contents
that present the greatest challenge (worst-case) should be included into the validation. If the same
SBS is intended to be used in several different sterilization processes each should be validated.
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All samples should pass the acceptance criteria. For guidance on sample size see B.8.2 h).

The SBSs should be evaluated after exposure to the sterilization process and after the expected
worst-case handling, distribution, and storage conditions until the point of use, using acceptance
criteria from OQ. In addition to the OQ acceptance criteria contents should be assessed after
sterilization to ensure that sufficient drying has occurred in moist heat sterilization process.

Three batches of test samples should be exposed to the same sterilization process in three separate
cycles to demonstrate reproducibility.

All evaluation results should be documented.

NOTE The checklist for the PQ in Annex L of this document can be used for documentation,pyirposes.

If packaging failures are found, investigation should be made to identify a root cause, see |Annex I of
this document.

Ingpection steps defined under B.9.4.2 (0Q) above are critical and ongeing vigilance and verification

of

functions is required during cleaning, disinfection, assembly and.clesing of reusable containers. The

requirements of the manufacturer in the instructions for use of‘the reusable sterilization|container
myst be followed. Reusable containers that do not meet the requiréments should be excluded and send

forjrepair or disposal according to the recommendation of the'manufacturer.

Th

pe
re

Re

the filter should lead to questioning the load and to do a thorough investigation.

Be
pa

e healthcare facility should consider regular monitoringby an authorized person observingfoperators
-forming the tasks and comparing with expectations«defined in the procedures. Deviations|should be
orded and reviewed.

isable containers should be inspected after sterilization and any visible deformation or dlamage to

fore opening and unloading a reusable’sterilization container, it should be confirmed that all locking
rts are in place and not broken and the tamper evident system is intact.

NOTE In some countries, reusablé-container integrity test guidancel83] has been or is under deyelopment.

Th
wa

B.[10 Process/packaging changes and revalidation

Pa

pa
an

should besdeveloped to support this conclusion.

bre are no global consensus integrity test methods available at this stage and there is no requirement for
ker tightness of reusable containers in ISO 11607-1:2019.

rkaging designis and processes should be revalidated if changes are made to the equipment, product,
kaging matefials or packaging process, which could potentially compromise the original validation
1 affect the'sterility, safety or efficacy of sterile medical devices however, a documented rationale

NOTE-L " See5.28 of this document on packaging system validation and changes as well as 6.10 of thi§ document

Th

by A oo

e following is a list of changes that could affect the status of a validated packaging and necessitate

the need for revalidation:

©lI

SBS material changes;

new or modified equipment;

transfer of processes and/or equipment from one facility or location to another;
sterilization process changes;

review of end user complaints or non-conforming product, negative trends in quality or process
control indicators;
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— change in SBS contents that are outside the parameters of the worst-case originally evaluated;

— change of transport route or means (e.g. from within the building only to transport between
buildings which could involve significantly changed challenges to the package);

— exchanging or changing critical parts or modules of a sealing equipment with potential influence on
established parameters;

— changes in storage environment, such as high relative humidity, poor storage possibilities, etc.

The need for revalidation should be evaluated and documented. If the change does not require that all

aspects o
initial val

A documse
revalidati
that the m

Periodic 1
changes c

Revalidat
competen
and to reg

aterials are essentially equivalent).

buld cumulatively affect the validation status of the process.

lign practices.

the original validation be repeated, this revalidation does not have to be as extensive as the
dation, however a documented rationale should be developed to support.

nted rationale should be written for the acceptance of changes that are judgedo.rot nged
bn activities (e.g. change of material or material supplier if the supplier proyides evidence

evalidation activities, verifications or reviews should be consideredsince multiple mifor

ons can also be used to show that the operation staff still has the-required knowledge gnd
ce to carry out the processes in an efficient way and they can alsobe used to retrain personpel

90
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Risk analysis tools — Guidance for industry and healthcare

facilities

Applications

Thre are a multitude of applications for risk analysis.

NOTE For more information on risk management refer to ISO 14971[8], ISO TR 24971[64,

C

Th

.1.1 Use/applications/system

lis analysis looks at the packaged medical device from the user’s perspective once the medji

is ghipped to understand:

a) | end user requirements and hazards;

b) | ease of use, i.e. opening/presentation;

c) | medical device application and hazards;

d) [ medical device identification, and sequence of use in case of multiple parts.

C.1.2 Design

The design analysis process allows fortdevelopers to design quality and reliability into th

de

f)

rice and packaging system knowding the potential failures they are attempting to pre
fential failure modes of the design:

processing;

sterilization;

distribution;

human intéraction;
considerinique failure modes;

consider specific barrier property failure(s).

C.1.3 Process

cal device

e medical
vent. List

The manufacturing process could significantly contribute to potential failures in the field. The process
analysis identifies potential failures that should be addressed during the medical device development

process:

a) machinery (setting variability);

b) materials (lot-to-lot variability);

c) environment (location variability);
d) personnel (skill set/experience).

© IS0 2021 - All rights reserved
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C.2 Risk analysis tools

C.2.1 Failure modes and effects analysis (FMEA)

This methodology helps to rank possible failures that could require additional attention or more in-
depth analysis. FMEA provides a disciplined analysis of a specific function to identify and rank by
severity any known or potential failure modes before they occur. Typical FMEA steps include:

a) identify important functional steps, i.e. process;

b) translate-characteristiesintopoetentialfailluremoedeformat:
ate-caafa +H+o-Ppo

e TS T Co It o p ottt o o T o oo

c) identify potential effects and causes of associated failure;

d) determine current controls;

e) assigi severity, occurrence, and detection ranking;

f) calculate risk priority number (RPN);

g) rank RPNs (Pareto format) and determine recommended action;
h) recorfl action taken and determine the resulting RPN;

i) follow-up.

C.2.2 F4qult tree analysis (FTA)

FTA is a ¢{leductive, “top-down” approach to failure mode~analysis. It provides a logical, structufed
process that can identify a failure and its effects before it actually occurs. Typical FTA steps include:

a) list pgssible hazardous situations or possible hatm;

b) determine failures, or combination of failures, that will lead to the named hazardous situationg or
harm

c) prepdre adiagram of a fault tree;

d) use the fault tree to intercept ot design out unacceptable consequences.

C.2.3 Hazard analysis and critical control points (HACCP)

HACCP is a systematic appfoeach to the identification, evaluation, and control of hazards. Typical HAQCP
steps incliide:

a) condyct a hazard analysis;

b) determine the critical control points (CCPs);

c) establishreriticattimits;

d) establish monitoring procedures;
e) establish corrective actions;

f) establish verification procedures;

g) establish recordkeeping and documentation procedures.
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Considerations for sampling plans - Guidance for healthcare

facilities

mpling plans is a complex topic. The following information is intended to provide an ley

sampling plan considerations.

IS(
mg
ev

NO
pl

11607-1:2019 and ISO 11607-2:2019 both state in 4.3, “The sampling plans,used for
terials, SBSs or packaging systems shall be applicable to materials, SBSs or packaging syst
hluated. Sampling plans shall be based upon statistically valid rationale.”

TE1 Examples of suitable sampling plans are given in ISO 2859-1[9] or ISO-186[85]. Additiona

s can be specified by countries or regions.

There are ongoing questions in healthcare facilities about the requirements for a statisti

sa
SB
do

av

Std
de
or

of

ma
ma3
fad
vel

Th
de

pling plan. This annex outlines guidance on how to answer,that question for single use o
5. If your facility does not have a background in statistics, the Working Group devel
fument would suggest that you enlist the aid of a statiStician. There are also excellent
hilable that will calculate the sample size after inputting.the required information.

e goal of a sampling plan is to provide confidencejthat the predetermined acceptance c
t not only in the samples, but also in all populatiens or lots which are produced by the pr
y is to test every member of a population oriot. For instance, if you sterilize a load conf
apped devices, inspecting all of the wrapped-packages is a statistically valid rational. Anot
sample a smaller number of packages. However, if you decided to just inspect one package
uld not provide enough information.to ensure the rest of the load is acceptable.

rility Assurance Level (SAL) is @ result of sterilization and is normally intended to imply
bree of microbial inactivation‘imparted by a sterilization process using heat, chemicals
a combination of these agents. SAL is not intended to apply to other safety aspects as
inactivation during a sterilization process and is not intended to describe the safety
intenance of sterility-after sterilization. Maintenance of sterility is influenced by the SBS
inly by the practiced-procedures of handling and storage in a healthcare facility. The
ility will thereforeheed to define these procedures and the way of - and level of s
ification.

ere are sevéral factors that should be considered in determining sample plans with t
ermining+that the entire population or lot of packages meets the predetermined acceptand

The number ofpackages in the populatlon or lot. Ifyour facﬂlty has a packaged product an|

erview of

testing of
ems being

1 sampling

rally valid
I reusable
bping this
programs

Fiteria are
bcess. One
aining 50
her way is
d device it

a certain
radiation
the level
level for
itself, but
ealthcare

:illfety for -

he goal of
e criteria.

d you only
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\ a g the facility
produces a packaged product and the populatlon or lotis 1000 per month it could be uneconomical
to test them all and establishing a sampling plan reduces the cost since testing is only performed on
a subset of the population or lot.

The way that the lot is produced and defined.

NOTE 2 SO 2859-1[9] is primarily used in case of continuing series of lots (see I1SO 2859-1:1999, 1.2).
healthcare facilities, however, do not typically produce continuing series of lots of identical packages.

NOTE 3  Healthcare facilities might consider the forming, sealing and sterilizing of similar packaging
concepts (i.e. pouches) as continuous production, although different sizes and loads are involved.

Consequently, a lot might be considered to be the number of produced packages within a defined
time frame (i.e. per day, per person, per pack table, etc.)
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The type of data your test method produces. Data can be continuous (a number such as seal strength)
or discrete (pass/fail such as visual inspection) and require different statistical methodologies and
sampling plans. For example, ANSI/ASQ Z1.9[8¢] addresses variable (continuous) data, and ANSI/
ASQ Z1.4[87] addresses discrete (attribute) data.

The variability (standard deviation) that the test method produces in testing. The higher the
variability the more samples that will have to be tested. This is one of the reasons that the Working
Group developing this document recommends the use of test methods with established precision
and bias statements. Those statements will provide a demonstration of the variability in the test
method.

The lgvel of risk that is acceptable in your facility. There are two types of risks associated with.gny
sampling plan. One risk is accepting a population or lot even though several packages do notactuglly
meet fthe acceptance criteria. This is referred to as “consumer’s risk” or . The other risk is tejecting
a popplation or lot of packages even though it shouldn’t be because of an abnormal defect. This is
knowjn as “producer’s risk” or a.

The cpsts associated with the sampling plan and testing. If the costs are too ligh, the sample sfize
can bg decreased but it is important to realize that this will increase the level*of risk.

As indicated above, a factor that increases the sample size needed is variability in the test methpd;
therefore||it is crucial to take steps to minimize that variability. One of the keys to success is to establjish

explicit, clearly defined acceptance criteria and methodologies.

There negds to be clear acceptance criteria for every attribute testéd? Visual inspection of SBSs is egsy

to define. [This can simply be that the package is intact.

Seal strength testing of the seals formed at your facility“®n pouches and reel goods requires the
establishthent of upper and lower limits. If the seal strength is too low, integrity could not|be
maintaingd. If it is too high, opening the package could result in fibre tear or delamination of the
materials| Frequently there is a minimum seal strength value established in seal strength acceptamce
criteria apd a hand peel test demonstrating ability of aseptic presentation is used as the upper lirit.
There are| several ways to run seal strength and it is important to decide on a method and stay wjith
that methpd. The seal strength measurementising the three different methods of positioning the test
sample in| the testing device can producewery different results. It is also important to establish the
locations that will be sampled. The potuich;, reel, and sealing equipment supplier may be able to provjde

informatipn that can assist your facility in establishing limits.

When corlducting OQ and PQ,thesampling plan will be different than the routine sampling plan [for
packages jproduced at the faCility. These steps are designed to establish the capability of the procgss
used to ppckage a deviceG@iid more data will be required to achieve this. The results of 0Q and [PQ
can be usped to establish an estimate of variability. This can be used in the establishment of routjne

sampling plans[88.89],

94
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for

E.

Thijis annex is applicable to industrial manufacturers of both preformed SBSs and SBSs.

Pr
the

should be established using statistically valid techniques. Examples of toels that can be used

Ell

E.Z

Fa
pr
md
In
std
an

Th procedure involves)the following stages:

General

bcess parameters, including ranges and tolerances, are necessary to ensure'that a produc
defined requirements under all the anticipated conditions of manufaeturing. These p

FMEA (failure modes and effects analysis);
DOE (design of experiment);
heat seal curve analysis;

visual attributes.

2 Example of forming and lidding a tray

2.1 FMEA (failure modes and effects-analysis)

lure modes and effects analysis is a*§ystematic method for studying failure. It can be use|
duct development and process control. [t determines the severity and likelihood of potent
des which are normally identified’on the bases of past experience with similar products or
Lhis case (product developmeént], it is used to establish the process parameters for equipme
ge of the fabricating, loading, sealing and packing process whereas in Annex C it is one
hlysis tools.

identifying which defects will cause the product to be rejected (failure mode);
establishing the cause of failure and how likely it is to occur;

establishing the consequences of each failure mode;

t satisfies
hrameters
include:

d for both
ial failure
processes.
nt at each
bf the risk

orading the severity, frequency and ease of detection of each failure mode;

identifying the controls currently in place and the probability of detecting failure;
calculating the Risk Priority Number (RPN) for each failure mode using the equation E.1:
RPN = Severity Number x Frequency Number x Ease of Detection Number (E.1)

recommending actions to reduce the RPN.

An example for failure modes and effects analysis is given in Table E.1.

©lI
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Table E.1 — FMEA example

. Ease of
Process| Function Failure Eff(_-;ect of Se_ver- Cause Frequen- | Current Detec- | RPN ft\c-
Mode | Failure ity cy Controls tion tions
Formin Poor Damage Incorrect Leak
Forming & forming. | to prod- 10 Machine 2 2 40
trays : . tester
Pinholes uct settings
Heat Incorrect
Sealing sealing Open _Produpt 10 machine 1 Leak 3 30
e seal integrity . tester
IIIdLlcriaIld DCLLIIISD
Heat Creases
Sealing sealing Qhannel _Produpt 10 in mate- 4 Visual 3 120
: inseal |integrity .
materials rial
Heat Incorrect
Sealing sealing Qhannel _Produ.ct 10 Machine 4 Leak 5 200
. inseal |integrity . tester
materials settings
Heat Incorrect
Sealing sealing Spotty .Produlct 10 Machine 3 Visual 1 30
. seals |integrity .
materials settings
Failure of
Software
Bar code || Resistra- Unable | Machine or Machine
scanner tion of toread | won't 1 1 won'’t 1 1
packs barcode | run Poor run
Print
quality
E.2.2 Design of experiment (DOE)
Design of |experiment is used to establish the optimtim process parameter window. In other words/ to
identify the process conditions that will ensure that good quality product is produced consistently. The
y p g q yp p y
more detdiled the information obtained at this stage, the easier it is to maintain control of the process.
Forming qf a tray and subsequent heat sealing of the lid require consideration of temperature, pressiire
and dwell|time. In both cases it is negessary to identify the range of process conditions that will have
the mininmum effect on the resulting SBS.

For examjple, the process conditiohs necessary to ensure an acceptable seal strength when heat sealjng

the lid sha
— suffic

— prody

show

uld be:

Various le

ce a sealkaccording to specifications;

minimum variation in seal strength.

iently removed.from those process conditions which will result in failure of the seal;

vels nfm(pprimpnfc can he conducted - from qimplp linear screening studies to determine

he

relative effect of various parameters on resulting seal - to highly complex, fractional factorial quadratic
studies. Often a simple, linear experiment is conducted to confirm the significance of parameters
- followed by a more complex study - with centre points - to ensure a good mathematical model of
the process is generated which fits the data. It is often found that temperature is the most important
variable, followed by time and then finally, pressure is rarely significant over a large range.

The tools used to establish the optimum conditions for heat seals are:

96

heat seal curve analysis;

visual assessment of the seal areas;

a combination of the heat seal curve analysis and visual assessment;
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— determination of process capability;

— seal integrity.
E.2.3 Heat seal curve analysis (process range assessment)

This procedure involves evaluating how a matrix of temperature, pressure and dwell time will impact
on the seal strength. Curves constructed to determine the consequences of the various parameters
normally show that varying pressure and dwell time have a less effect on seal strength, so these are
kept constant wh11e the temperature 1s Varled The process 11m1ts are then estabhshed over the range

reth i 53 hould still

mdintain 1ntegr1ty but the seals are llkely to show sllght Vlsual defects (see Flgure E.1).

Y
4

Key
X | temperature
Y | seal strength
1 | proposed process limits

Eigure E.1 — Heat seal curve for optimum process parameters

E.2.4 Visual'scoring method for heat seals

Seals are-graded for visual defects at both ends of the process range. Higher values indicpte better
quplity»For example:

a) Lower end of sealing range (see Table E.2)
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Table E.2 — Lower end of sealing range

Grade Defect
0 Open seals
1 Seal width less than 50 % of the specified value
2 > 25 % spotty seals
3 < 25 % spotty seals
4 Seal width slightly less than the specified value
Slightly spotty seals
5 Good quality seals

b) Upper end of sealing range

Table E.3 — Upper end of sealing range

Grade

Defect

Holes in polymers

Welded seals/melted polymer
Severe curl of the flange of the tray
Severe transparentization of polymerbased nonwoven lids

Severe fibre tearing of paper-basedlids

Moderate curl of the flange ofithe'tray
Moderate transparentizatiof/of polymer based nonwoven lids

Significant fibre tear of‘\paper-based lids

Mottled seals
Moderate fibretearing of paper-based lids

Slight curl of'the flange of the tray
Slight tfansparentization of polymer based nonwoven lids
Occasional mottling

Slight fibre tearing of paper-based lids

Good quality seals

E.2.5 Combining heat{seal curve analysis and visual scoring

The resulfs obtained-ffom the analysis of heat seals can be combined with those obtained using

visual scofing method to produce the Figure E.2.

98
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Y1 Y2
4l -5

-4
3_

Key
X | temperature

Y1| seal strength

Y2| visual seal quality

proposed process limits
proposed specification limits

Figure E.2 — Seal strengthand visual seal quality vs. temperature

E.2.6 Determination of process.capability

The purpose of process validation is to demonstrate that the process is under statisticpl control
anfl consistently producing(preduct within specification. A best practice is to calculate the process
capability Cp/Cpk:

If the process is centréd, Formula (E.1):
_ USL-LSK

Cp . (E.1)
wHere

o sample standard deviation

USL upper specification limit

LSL lower specification limit
If the process is not centred, Formula (E.2):

Cpk= CSL-X (E2)

30
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where

CSL closest specification limit

X process average

Guidelines for Cp/Cpk values are given in Table E.4.

Table E.4 — CpK value example

Cpk Sigma level (o) Process yield (PPM)
0,33 1 68,27 % 317 31
0,67 2 95,45 % 45500
1,00 3 99,73 % 2700
Target 1,33 4 99,99 % 63
Befter 1,67 5 99,9999 % 1
Best 2,00 6 99,9 999 998 % 0,002
To maximjize the Cp/CpK it is useful to achieve a minimum of variability, while keeping the specificatjon
window gs large as reasonable or possible. The specifications should be validated, in other words,
within these limits, the integrity of seals should be guaranteed, and the package should withstand the
sterilizatipn process and resist the hazards of transport, distribution and storage. For these reasony, it
is essential to have a good understanding of the process window-for the specific material and sealjng
equipmen|t combination.
If studies pre undertaken and the minimum desired Cpk is'not obtained, then an analysis of the procgss
should be|conducted, keeping in mind that excessive yariation always has a source. Material thickngss

variation,|deviations in the temperature and flatness across the sealing surfaces and temperatiire
controllerfs with excessive fluctuations can all :be) examined in order to pinpoint the sources wh
contribut¢ the most to the excessive variation:

Multiple 1pts of materials — sufficient to provide a representative look at expected variation should
used in or|der to check the robustness @f the process development - prior to entering into more fory

validation activities.

ich
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Annex F
(informative)

:2021(E)

Sterilization considerations - Guidance for industry and

healthcare facilities

ice needs
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rilization,

i|f contract

F1 Overview

F.1.1 Full consideration of the sterilization process for a terminally sterilized riedical dey

to |be included during medical device and SBS and/or packaging system desigh and verif

determine compatibility (ISO 11607-1:2019, 5.3). Very often, the sterilizatien method w

aspects of material selection, SBS and/or packaging system configuration,’size, and medi

logistics.

Some aspects to be considered are:

a) | compatibility — ability to withstand the process:
Consider the medical device and SBS and/or packaging system performance after ex
the chosen sterilization method at the process extrenies or after multiple process expo
example, it is important to understand what physical properties (functional or cosmg
change with a given material undergoing irradiation and that the differences between e-
gamma sterilization methods and or dosage ¢ould have different degrees of effect on mat

b) | porous or impermeable; Gaseous sterilization methods typically require porous SE
irradiation sterilization methods can<ise impermeable or porous SBSs. Porous SBSs can
enable abatement of odours that can-develop during irradiation.

c) | density/orientation:
Consider shadowing effeets*of other medical devices in the same container or adjacent (
(gamma and e-beam).

d)| special totes or carriers/conveyor limitations:
Consider constraints of the sterilization process, i.e. tote or carrier size for gamma ste
conveyor clearances for e-beam, pallet sizes for EO sterilization, etc.

e) | pallet<Carifigurations:
ConSider pallet configuration for minimum reconfiguration needed at the sterilizer (
sterilized), optimum space utilization and shipping efficiency.

F.1.2 Some guidelines on the factors to consider for specific commonly used methods of

industrial

sterilization are listed below. The science of sterilization processing continues to be developed.
New technologies should be studied closely to determine which material properties and design
characteristics are crucial to successful processing.

F.2 Ethylene oxide

F.2.1 Process summary: Sterilization by ethylene oxide gas with moisture and heat.
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F.2.2 Medical device/SBS considerations:

a) The medical device, SBS, and inks should be able to withstand elevated humidity and temperatures
(typically < 60 °C, high humidity), deep repeated vacuums, nitrogen and EO. Temperature and
humidity ranges will vary with the design of the sterilization cycle.

b) The medical device needs to have areas that can allow gas penetration throughout and allow
sustained contact with all areas of the medical device.

c) The SBS needs to have porous areas that allow gas to pass in and out. Gas transport through
the permeable portion needs to occur at a rate sufficient to maintain SBS integrity during the
vacuym and/or fill process. Care should be taken to ensure that the configuration of individpal
SBSs ¢ontained in an SBS and/or packaging system does not impede their permeability. Aveid clpse
contaft of the permeable material with a non-permeable one as this could prevent the gas frpm
penetrating.

F.2.3 Process considerations:

a) Timirg: the process can take several days for pre-conditioning, sterilizationh, and aeration. Wait
time is needed for biological indicator release unless parametric release is.used.

b) Efficigncy will also depend on manufacturing time to build the full Jéad; which is often severa] to
many|pallets in size.

c) Load fize: based on the chamber size and considerations durifg the sterilization validation.

d) The sterilization cycle can be somewhat customized to meet medical device and microbiologilcal
requirements.

e) Remajining amounts of EO are out gassed to be withifi'safe limits as a part of the sterilization procgss
cycle pettings, and the medical device needs to betested for residual by-products of sterilizatiot].

f) Expoging product to two sterilization cycles, when resterilization is being considered.
For furthgr information on EO sterilizatiomrsee:

— IS0 11135[24];

— IS0 10993-7[21];

— AAMITIR15[22];

— AAMITIR16[23];

— AAMI|TIR20[24];

— AAMI|TIR28125],

F.3 Gamma irradiation

F.3.1 Process summary: The packaged medical device is subjected to ionizing radiation in the form of
high energy gamma photons released from a radioactive source such as cobalt-60.

F.3.2 Medical device/ SBS and/or packaging system considerations include:

a) The medical device SBS and/or packaging system and inks needs to utilize materials that can
withstand ionizing radiation. Cross-linking and chain scission can cause cosmetic and functional
physical property changes, and or evolvement occurs with some materials.

b) Elevated temperatures could occur when using this method and should be taken into consideration.
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Packaged case density is an important factor and should be controlled to be consistent in the
process to maintain dosimetric release.

This method should be considered if the medical device has inaccessible in areas that cannot be
sterilized with a gas or a non-porous SBS and/or packaging system is needed.

Case size should be optimized to be compatible with the irradiator carrier size.

It is recommended to irradiate at or above the maximum dose in order to evaluate the effects to
packaging materials.

b)

F.3

F.4

F.4

.3 Process considerations:

Timing: the process is relatively short, however delays could occur since medical devices|of similar
densities should run together. Since the process uses dosimetric release, post-sterilizatjon delays
are not needed.

Load size is based on carrier size used at the irradiator and dose mapping studies.

.4  For further information on radiation sterilization see:
1SO 11137-1[2¢];
1SO 11137-2[971;
1SO 11137-3[28];
AAMI TIR17(53];
AAMI TIR29[29];
AAMI TIR35100],

. Electron beam sterilization (E-beam)

.1 Process summary: An.accelerator-based system sterilizes medical devices by djrecting a

cohcentrated stream of electrons at SBS and/or packaging systems containing medical deyfices. Beta

pa

ot
ob
the

F.4
a)

rticles, free electrons, aretransmitted through a high-voltage electron beam from a linear a¢celerator.

Th}rse high-energy free.electrons will penetrate into matter before being stopped by colligions with

er atoms. Thus,their usefulness in sterilising an object is limited by density and thickness of the
ect. Death of amitroorganism occurs by cumulative damage to the cellular machinery, particularly
DNA molectde;thus preventing cellular division and propagation of biologic life.

.2 Medical device/ SBS and/or packaging system considerations:

b)

The materials of the medical device, SBS, and inks should be carefully selected to withstaﬂxd E-beam

Packaged case density is an important factor and should be controlled to be consistent in the
process to maintain dosimetric release.

This can be a good choice for medical devices that have closed in areas that cannot be sterilized
with a gas.

F.4.3 Process considerations:

a)

©lI

Timing: the SBS runs through the process on a conveyor, sometimes two passes are needed. Since
the process uses dosimetric release, post-sterilization delays are not needed.
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b) Orientation of medical device/SBS and/or packaging system should be controlled so all parts of the
medical device are exposed to the beam, i.e. take care to avoid the issue known as “shadowing.”

c) Load size: limited by density requirements and equipment/conveyor criteria.

d) When incorporated into a production line, this can be an efficient, sterilization methodology.

F.4.4 For more information on E-beam sterilization see:

a) ISO/ASTM 51649[101];

b) standprdsin gamma irradiation (see B.3.4 in Annex B of this document).

E5 X-rpy sterilization

F.5.1 Process summary: The packaged medical device is exposed to radiation via ionized part:lgle
acceleratipn, which creates X-rays called bremsstrahlung radiation. This processialters the chemifcal
and moledular bonds causing the destruction of reproducing microorganisms.

F.5.2 Megdical device/SBS and/or packaging system considerations:

a) The medical device or SBS and/or packaging system needs to utilize materials that can withstgnd
ionizipg radiation. Although this process has shorter exposures.at lower doses, cross-linking ¢an
cause|cosmetic (yellowing) and functional physical property:chianges.

b) SBSand/or packaging system does not require a porous membrane as X-rays can penetrate throygh
packaging materials and into medical device structures.

c) The cycle has limited stress on SBS seals because €ycle does not include vacuum phases.

d) Pallefor tote configuration density is an impdrtant factor and should be controlled to be consistent
in the| process to maintain dosimetric release.

e) Consifer the contract sterilizers pallet.or tote material handling system to optimize the SBS andfor
packaging system design to reduce.dead space in the sterilization cycle.

F.5.3 Process considerations:

a) Efficiency will also depend on SBS and/or packaging system, shipper, and pallet configurationg of
the finished medical.deVice.

b) Load|size: based{on the facility limitations and validations considerations derived frpm
manuffacturing Schedules and inputs considered during the sterilization validation.

F.6 MoFst heat (steam) sterilization

F.6.1 Process summary: the packaged medical device is subjected to saturated steam and elevated
temperatures. Steam is the sterilizing agent and needs to pass through the SBS and/or packaging system
in order to contact the medical device. Moist heat is more effective than dry heat as it speeds up heat
penetration. The ultimate cause of microorganism death for moist sterilization is protein denaturation
and causes death of microorganisms by a slow burning process coagulating the cell proteins.

Due to its temperature, high moisture and rates of changes in pressure steam sterilization can have
some deleterious effects on some materials, including corrosion, mechanical stress and also certain
effects on supporting materials. The chosen materials should be compatible with steam sterilization
and thus only packaging materials that have been designed and qualified for these applications should
be used.

104 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=2eb962266d7afb011be6032e8ab5fbaf

ISO/TS 16775

F.6.2 Medical device/SBS and/or packaging system considerations:

a)

b)

:2021(E)

The medical device, SBS and/or packaging system, and inks should not be sensitive to water vapour

or condensate and elevated temperatures.

The SBS and/or packaging system needs to have porous areas that allow steam to pass into and out
of the SBS and/or packaging system. Steam transport through the permeable portion needs to occur

at a rate sufficient to maintain SBS integrity during the vacuum and/or fill process. Care

should be

taken to ensure that the configuration of individual SBSs contained in an SBS and/or packaging
system does not impede their permeability. Avoid close contact of the permeable material with a

non-nermeahble ano ac thic could nrovant tha ctaqam fram nonaotrating

b)

F.4

E.7

F.7

me

NO|

F.7

b)

F.7

TP P T—IT ) ol Torertt

The medical device needs to have openings that can allow steam penetration with
contact with all areas of the medical device.

.3 Process considerations:

Timing: the process usually takes less than 2 h with no aeration réquired. Unless p
release is used to release sterilized products, the product needs to\ be held pending s3
results of biological indicator tests.

Load size: limited by equipment criteria and sterilization procéss validation for the medi

.4 For further information on steam sterilization, see;:
[SO 17665-1[102];
ISO/TS 17665-2[103],

[ Sterilization using moist heat and non-porous plastic bags

1 Process summary: Steam or. pressurized hot water is used as a media to heat the
dical device.

TE Examples can includeJV'bags, blood bags, etc.

2 Medical device/.SBS“and/or packaging system considerations:

The medical device, SBS and/or packaging system, and inks should not be sensitive to
saturated steamwand elevated temperatures.

Moisturetneeds to be present inside the SBS in order to create the steam and pressursg
sterilize the medical device.

L3~ “Process considerations:

sustained

arametric
tisfactory

ral device.

packaged

humidity

b that will

Timing: the process takes only a few hours, with no aeration required. Unless parametric release

is used to release sterilized products, the product needs to be held pending satisfactory
biological indicator tests.

results of

Load size: limited by equipment criteria and sterilization process validation for the medical device.

Overpressure control typically is needed to process peelable SBSs.

F.7.4 For further information on steam sterilization, see ISO 17665-1102],
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F.8 Dry heat

F.8.1 Process summary: the packaged medical device is subjected to high temperatures for
extended period of time. Dry heatin the form of hotair is used primarily to sterilize hydrophilic materi

an
als

or materials that steam and ethylene oxide gas cannot penetrate, such as anhydrous oils, petroleum
products, and bulk powders. The ultimate cause of microorganism death is protein denaturation
through primarily an oxidative process. In the absence of moisture, higher temperatures are required

than when moisture is present. However, moist heat cannot be used for hydrophilic materials.

F82 M mH 1d H /ICDC L ] H 4 A | A3
1O, LUItdl UCVILC/ JDJ Clllbl/ Ul pa\,l\aslus D_yDLClll CUIISITUCT AlIUILS.

The medigal device, SBS and/or packaging system, and ink should withstand elevated temperatuy
This typiqdally can be 160° C or higher, for several hours, or can be a longer cycle at lower temperatur

F.8.3 Process considerations:

a) Timing: the process takes only a few hours, with no aeration required. Unlesg parametric releas
used to release the sterilized product, the product needs to be held pending\satisfactory result{
biological indicator tests.

b) Load pize: limited by equipment criteria and sterilization process validation for the medical dev

F.8.4 Fdr further information on dry heat sterilization, see ISO 20857104,

F.9 Vaporized hydrogen peroxide sterilization (VH,0,)

F9.1 The vaporized hydrogen peroxide sterilizatiopprocess can use different methods of remov
hydrogen peroxide residues after the sterilization phase. These can include:

a) use of a platinum catalyst and vacuum;
b) use ofa gas plasma;

c) use of other gases, such as ozone:
F9.2 Process summary: the packaged medical device is placed in a sterilizer chamber and subjecf
to vaporiged hydrogen peroxide‘at approximately 50 °C. Hydrogen peroxide is used to sterilize heat

temperatyre sensitive articles and materials. It is a strong oxidant and these oxidising properties all
it to destrpy a wide range pf pathogens.

F.9.3 Megdical deévice and SBS and/or packaging system considerations:

ng

ed
or

°C

a) The medical device, SBS and/or packaging system, and ink to withstand temperature up to 55
and tfﬂ:e moisture that is a by-product of the process for the duration of the validated cycle.

b) The medical device, SBS and/or packaging system, and ink should be compatible with deep vacuum

or hydrogen peroxide.

c¢) The medical device, SBS and/or packaging system needs to be capable of withstanding the rates of

pressure change allowed by the equipment.

d) The SBS and/or packaging system need to have porous areas that allow gas to pass into and out of
the SBS and/or packaging system. Gas transport through the permeable portion needs to occur at a

rate sufficient to maintain SBS integrity during the vacuum and/or fill process.

e) Cellulosic materials cannot be used for the process.
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F.9.4 Process considerations:

a)

Timing: typical processes range from 15 min up to over one hour.

:2021(E)

b) Load size: limited by equipment criteria and sterilization process validation for the medical device.

F.10 Chlorine dioxide (C10, or CD)

F.11.1 Process summary: sterilization with chlorine dioxide gas is a low temperature process. The

caccdc ciradlaw +0 BN Chlosiinn diogida 1o o vt digin g agnnt o nactivzation of poi o

pr
is
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F.1
a)

b)

d)

F.1
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hchieved by oxidative mechanisms. Its sporicidal effects can be compared with those.0f
rogen peroxide (VH,0,) and low temperature steam formaldehyde (LTSF).

1.2 Medical device/SBS and/or packaging system considerations:

Nonwoven polyolefin as well as many transparent films, foil composites and rigid pl

corrugated paper cartons can be affected by oxidation reaction of the sterilization mediy

The medical device and SBS and/or packaging system (including.inks) should be able to
oxidizing conditions and elevated humidity (typically 55 %RH to 70 %RH). Gas con
(typically 5 mg/1to 30 mg/1) and humidity will vary with-tlie design of the sterilization g

The medical device needs to have areas that can allow gas penetration throughout
sustained contact with all areas of the medical dewice.

The SBS and/or packaging system need(s) to have porous areas that allow gas to pass in
of the SBS and/or packaging system. Gas transport through the permeable portion need
at a rate sufficient to maintain SBS integrity during the vacuum and/or fill process.

1.3 Process considerations:

Timing: The process steps typically include

preconditioning or humidification;
CD charge;

exposure; and

CD remoyaland medical device aeration.

The total\process can take several hours (depending on the relative humidity, medi
volumerand the size of the sterilization chamber). Preconditioning time is similar
EQ ‘processes while aeration time tends to be somewhat shorter. If biological indid
used to release product, then sterilized product needs to be held pending satisfactory

prganisms

vaporized

astics are

compatible with chlorine dioxide. Standard medical papers can,b€’compatible. Unbleached,

m.
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concentration throughout the sterilization process.

1

Load size: limited by equipment criteria and sterilization process validation for the medical device.

Efficiency will also depend on manufacturing time to build the full load; which is often several to
many pallets in size.

The sterilization cycle can be somewhat customized to meet medical device and microbiological
requirements.

The chlorine dioxide concentration is reduced to a safe level as part of the sterilization process. The
medical device needs to be tested for sterilization residuals and by-products.
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Annex G
(informative)

Use of contract packagers - Guidance for industry and healthcare
facilities

G.1 GeIeral

Contract packagers, sometimes referred to as contract manufacturers or external manufdcturers, are
suppliers pf packaged medical devices ready for sterilization or already sterilized. Theseftnanufacturgrs
provide alservice to the medical device company in cases where the additional expentise, capability| or
capacity tp package the medical device is needed, or the company could wish to outsource the packaging
for econonic reasons.

G.2 Functions performed by contract packagers
The contrpctor can perform one, or any combination, of the followingfunctions:

a) full final packaging system design, development, and validation;

b) packdging of the provided medical device in its SBS with additional protective packaging, andjor
the efjtire packaging system;

c¢) matetial and component procurement to the.€ontractor’s or medical device manufacturgr’s
specification;

d) termipal sterilization or sterilization subegntracting of the packaged medical device.

G.3 Regponsibilities

Contractors should comply with ;the same current good manufacturing practices (cGMPs) gnd
regulatory and quality systemsequirements to include ISO 11607-1:2019 and ISO 11607-2:2019 as gny
medical dpvice manufacturefs

Medical device manufacturers, as the customer, should ensure that the contract supplier meets the
same conflitions as if\they were producing the packaged medical device themselves. This inclugles
design conmtrol, quality systems, packaging systems, and process validation, and sterilization validatjon
where appropriate.”Ultimate responsibility and liability lies with the medical device manufactufer
holding rggulatory approval.
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Annex H
(informative)

Example of a handling, distribution and storage checklist -
Guidance for healthcare facilities for selecting a sterile barrier
system

NOTE Users of the forms given in Annex H are permitted to produce copies of these forms; notwifhstanding
thq fact that ISO retains all other rights regarding the entirety of the document.

Arnticipated challenges that effect integrity of SBS

Dojes the manufacturer provide recommendations for the conditions of han-
dlipg, distribution and storage?

—| Temperature [ ]yes []no
—| Relative humidity [ ]yes []no
—| Handling requirements [ ]yes [ ]no
—| Restrictions on agitation [ ]yes [ ]no
—| Bumps and other movement [ ]yes [ ]no

Déscription of handling and staff attire

Is there an education program for staff who handles SBSs? []yes []no

if yes describe

Is there a hand hygiene protocol? [ ]yes []no
if yes describe

Is there a dress code? []yes []no

if yes describe

Is the number.of times an SBS is handled from point of sterilization to point of [ | yes []no

us¢ known? . .
if yes describe

Description of distribution/transport means

On site transportation

— Can the clean and/or sterile medical devices be transported and stored[ | yes [ | no
separately from soiled medical devices?

— Are these sterile medical devices covered or enclosed during trans- [ ]yes [ ] no
port?

— Are the compartments cleaned and disinfected prior to transporting [ ]yes [ ] no
sterile medical devices if, previously contaminated items were transported?
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— If transport systems left unattended in public areas are they able to be [ ] yes [ | no
locked and secured?

Off-site transportation — Applicable? [ ]yes []no
— Are the vehicles used to transport appropriate for the use? [ ]yes []no

— Has the pneumatic suspension in the transport vehicles been consid- [ ]yes [ Jno
ered?

— C 193 alld \AY i}} thC Vchiblco bC 1 uutiul:l_y blcallcd alld lllailltaillcd? D yCD D 11U
— Hgve the extremes of temperature and humidity been considered? []yes []no

— Aile the compartments cleaned and disinfected prior to transporting [ ]yes [ |no
sterile medical devices if, previously contaminated items were transported?

— Arfe transport carts dedicated for sterile stock able to be locked and [ ] yes [ ] no
secured?

— Arle transport personnel trained in handling SBSs? [ ]yes []no

Storage alspects

Are there|dedicated storage areas for SBSs? [ ]yes [ ]no
Is there a pystem to stock rotation based on date of sterilization? [ ]yes [ ]no
[s it a dust free environment? [ ]yes []no
Is overhedd lighting fitted flush with the ceiling? [ Jyes []no
Is there a Foutine for regularly cleaning of floor? [ Jyes []no

If yes, how often?
Is the shelving made of non-porous material? [ ]yes [ ]no

Is there a Foutine for regularly cleaning of shelf/basket? [ Jyes [ ]no

If yes how often

Can storage on shelf/ baskebbe without any risk of damage? [ ]yes [ ]no

[s there efpough space.between floor and sterile items? [ ]yes [ ]no
cm/inch

Is there elllough space between ceiling and sterile items? [ Jyes [ ]no
cm/inch

Is direct sunlight able to be avoided? [ Jyes [ ]no

Are the manufacturer’s requirements of humidity being followed? [ Jyes [ ]no
Result %

Are the manufacturer’s requirements of temperature being followed? [ Jyes [ ]no
Result °C/ °F
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Is the air filtered? [ J]yes [ ]no
State %
Is the air changed every hour? [ ]yes [ ]no
Amount:
Is there positive pressure? [ Jyes []no
Are airborne particles or microorganisms counted? [ ]yes [ ]no
Result particle or cfu/
m3
Is there a separate room for unpacking industrial goods? [ ]yesy{]no
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Annex I
(informative)

Investigating failure - Guidance for industry and healthcare
facilities

1.1 Ev3aluating failure

I.1.1  If|during the validation process, defects are found in candidate packaging materials or systeins,
there are several approaches that can be taken to resolve the issue. Most of these involve analysis of the
defects to|determine the source or failure mode. Tools available to assist with this analysis can inclufde:

a) micrdscopic analysis
b) polyrIeric analysis;
i

c¢) manipulation of the package/device with visual inspection.

I.1.2  If|these approaches prove unfruitful, several problem-selving approaches can be appljed
to determline the root cause and finally, a corrective action plan'should be put in place to ensure the
solution aftually solves the problem.

1.2 Determining the source of the defect

I.2.1 In|terms of analysing the defect, the first'place to start is generally determining what cauged
the problgm. Defects can be created by five major sources:

— mediqal device;

— procefss;

— packaging system;
— peoplg;

— envirpnment.

1.2.2 Medical . device induced defects can be related to the weight or sharpness of the medical device.
Firstly, perfofm'visual control of the defective SBS and medical device, before reassembling, to observe
if some partof the medical device is sharp, sticking out, create friction or is somehow related to the
defect. The defective SBS and medical device should be reassembled, taking care to align in the same
manner, so that any correlations to shape or rubbing pattern can be determined. It is important to
reassemble the complete packaging system configuration, including the SBS and protective packaging.
Often, an individual SBS or packaging system will not clearly show the source of the defect, but when
packaged medical devices are stacked, it allows visual identification of the source.

I.2.3  Process induced defects are related to the equipment — including inadequate equipment
maintenance. Excessive variation of key process parameters should have been addressed at the IQ
stage of validation but should not be overlooked as possible root causes. Sharp burrs on packaging
equipment, conveyors with brads and staples protruding, worn gaskets and inadequate machine
repairs should all be investigated as possible root causes. Equipment induced defects often manifest
themselves in a repetitive manner that suggests a specific portion of the process. It is important to
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track the SBS or packaging system with a defect back to a particular location in the packaging process.
Which cavity produced the medical device, which lane was it packed on, and what side of the machine,
are all important considerations. By physically bringing the defective SBS or packaging system back to
the packaging process and retracing the production steps, important correlations could be discovered.

1.2.4 Defects that are not traceable to medical device or process can be related to the packaging
system. Examination should be made of the materials of construction to determine if the material
selected met the requirements for puncture, flex crack, abrasion or any of the other attributes see 5.5
of this document. Defects in sterile barrier or packaging system fabrication should be investigated to
determine if the defect occurred before incoming raw material inspection, during handling within the
production facility or after shipment from the plant. The packaging system design should be evaluated.
Thiis would include the significant design criteria such as dimensions and seal configuration|as well as
the protective packaging arrangement.
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One should consider punctures created in loading, cuts or abrasions caused during
l incorrect loading configurations as possible areas for further exploration."Human causes
often very difficult to resolve, as information is sometime difficult to obtain. It is importar
Lh the individuals involved in the generation of the packaging systems'themselves and inq
at actually took place. It is also important to determine whether standard procedures and
re followed.

.6 Environmentally induced failures can come from many- different sources. Changes {
und equipment that requires temperature control sometimes can result in overheating
hting of dies and/or materials. For example, the periodic cycling of an overhead air c
ected at a heat seal platen can be an elusive offender. Tii some cases, extreme fluctuations ir
temperature environments or prolonged exposure to UV light can contribute to the for
fects such as ink or label adhesion issues, packaging system embrittlement, or discoloratio

Chemical and mechanical causes

.1  While researching the SBS)or packaging system defect cause, it is important
ferentiate between chemical and mechanical causes.

.2 Chemical causes should be thought of in three categories:

chemical changes-within a given material (e.g. degradation due to ongoing cross-linki
bloom);

chemical inferaction between packaging materials and medical devices (e.g. leaching of p
or additives from either medical device or SBS or packaging system damaging the other)

chemical interaction between the protective packaging and SBSs (e.g. yellowing of the §
transference of BHT antioxidants from corrugated materials or poly liners).
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Chemical causes are the result of reactions or changes of a molecular nature — such as oxidation or
crystallization of packaging materials. Material additives (e.g. heat seal coating components, paper
additives, slip, anti-block, processing aid, or contaminants) should be checked to confirm they have not
changed or are not interacting with the packaging system or medical device to create the opportunity
for a defect.

I.3.3 In contrast, mechanical failures such as flex cracking, punctures, abrasion, and/or cuts/
shear defects should be differentiated from chemical failures. Discussions with suppliers are often
an important step at this point to determine possible historical failure mechanisms. Often anecdotal
memories on the part of experts in the industry can lead to a fruitful path of problem solving.
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