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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all m
electrotechnical standardization.

The procedures used to develop this document and those intended for its further mainten
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neede
d|fferent types of ISO documents should be noted. This document was drafted in acecordance
eglitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Aftention is drawn to the possibility that some of the elements of this documeéent'may be the §
pftent rights. ISO shall not be held responsible for identifying any or all such patent rights. I
a
0

n the ISO list of patent declarations received (see www.iso.org/patents),

Ahy trade name used in this document is information given for thé.convenience of users and
c¢nstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific te
expressions related to conformity assessment, as well\as information about ISO's adheren
World Trade Organization (WTQO) principles in the Technical Barriers to Trade (TBT), see www
ido/foreword.html.

—

This document was prepared by Technical Comthittee ISO/TC 198, Sterilization of health care g
Allist of all parts in the ISO 11137 series can-be found on the ISO website.
A

hy feedback or questions on this document should be directed to the user’s national standard|
complete listing of these bodies canbe’found at www.iso.org/members.html.
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Introduction

ISO 11137-1 describes the requirements for the development, validation and routine control of a
radiation sterilization process, and [SO 11137-3 gives guidance on dosimetric requirements in all stages
of this development, validation and control. The purpose of ISO/TS 11137-4 is to provide additional
guidance on the establishment and control of the irradiation process, including setting process target
doses and verifying that the process is in a state of control.

This document addresses the establishment of methods to set process target doses and verify the
process 1E In a state of control. Dosimetry Is used during the validation of a radiation sterilization process

to measyire doses, and the interpretation of dosimetry results from operational and performange
qualificakion studies is critical in establishing a process that will meet the requirements specified for
minimurh and maximum dose as outlined in ISO 11137-1, ISO 11137-2 and ISO/TS 13004.

Routine Hosimetry is used to monitor that the process is in a state of control and dosé€ specifications
have begn met. One purpose of this technical specification is to provide guidance on the application pf
a dose measurement as a tool used for monitoring an irradiation process using statistical techniques.

The guidance given is not normative and is not provided as a checklist for auditors. The guidange
provides|explanations and methods that are regarded as being suitable means-for achieving conformity
with thelminimum and maximum dose specifications. Methods other thamthose given in the guidange
may be psed, if they are effective in achieving conformity with the(requirements of ISO 1113741,
[SO 11137-2 and ISO/TS 13004.
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TECHNICAL SPECIFICATION ISO/TS 11137-4:2020(E)

Sterilization of health care products — Radiation —

Part 4:
Guidance on process control

1 Scope

This document provides additional guidance to that given in ISO 11137-3 on meetingithe’requjrements
pecified in ISO 11137-1,ISO 11137-2 and ISO/TS 13004 for the establishment and eontrol of a radiation
sterilization process using gamma, electron beam, and X-irradiation.

2]

2| Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references,~only the edition cited applies. For
uhdated references, the latest edition of the referenced document)(including any amendments) applies.

I40 11137-1:2006, Sterilization of health care products~~) Radiation — Part 1: Requirements for
development, validation and routine control of a sterilization'process for medical devices

p—

40 11137-3:2017, Sterilization of health care products:— Radiation — Part 3: Guidance on dpsimetric
aspects of development, validation and routine control

3| Terms, definitions and symbols

For the purposes of this document, thelterms and definitions given in ISO 11137-1, ISO 11137-3 and the
fqllowing apply.

[0 and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at http://www.iso.org/obp

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

3|1 General

3111

atceptance’range
rgnge within which the statistic under consideration lies with a specified probability when th¢ process
idin-a state of control

3.1.2
action level
value from monitoring that necessitates immediate intervention

[SOURCE: ISO 11139:2018, 3.5]

3.1.3
alertlevel
value from monitoring providing early warning of deviation from specified conditions

Note 1 to entry: An alert level value provides early warning of a potential deviation for a process under control.
Although further action is not required, increased supervision of the process is recommended.

© IS0 2020 - All rights reserved 1
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[SOURCE: ISO 11139:2018, 3.11, modified — Note 1 to entry has been added.]

3.1.4

cycle time

period of time an irradiation container spends in each dwell position in a gamma process, used as a
control parameter for dose

Note 1 to entry: Cycle time can also apply to x-ray and could also include the time required to move between
dwell positions.

[SOURC 1€ 11120.-201Q 2 72 o difiad lotad o anterchac bhaonn S ddad1
OO T IO U O, O 7 O, THOaHH G NOTE—TTO—Crtry oS ottt attator]

3.1.5
influende quantity
quantity|that, in a direct measurement, does not affect the quantity that is actually measured, but
affects tle relation between the indication and the measurement result

Note 1 tq entry: In radiation processing dosimetry, this term includes temperature, relative humidity, tinje
intervals|light, radiation energy, absorbed-dose rate, and other factors that might affectrdosimeter response, fs
well as quantities associated with the measurement instrument.

[SOURCH: VIM 2012, 2.52, modified — Note 1 to entry added from ISO/ASTM-52701:2013.]

3.1.6
measur¢ment uncertainty
parametpr, associated with the result of a measurement, that characterizes the dispersion of the valugs
that could reasonably be attributed to the measurand

3.1.7
process (control
specific gctivities to ensure process requirements are.achieved

[SOURCH: ISO 11139:2018, 3.209]

3.1.8
process|load
volume df material with a specified product loading configuration irradiated as a single entity

Note 1 tojentry: The process load congists of one or more irradiation containers.
[SOURCH: ISO/ASTM 52303:2015,3.1.10]

3.19
process target dose
Dtar
get Lo o . . . o .
dose, at 4 specifiedinionitoring location, which the irradiation process parameters are set to deliver

3.1.10
process variability

measur of faoctare that racult in 2 randam dictribhution of data avronnd tho quorago that nrauid S
e Et0S—tide— e St aeH—ai Sttt o6 —adta - ouhia—nteaverage—+tidtprovia

information on how well the process can perform when all special cause variation is removed

3.1.11

Statistical Process Control

SPC

set of techniques for improving the quality of process output by reducing variability through the use of
one or more control charts and a corrective action strategy used to bring the process back into a state
of statistical control

[SOURCE: ASTM E2587-16]
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3.1.12

targeting buffer

standard factor or factors used to determine process target doses which has been demonstrated to be

more conservative calculated values of UF,e, and UF, ;. during historical routine processing

3.2 Symbols

Symbol Meaning

D in direct measurement of minimum dose in a given irradiation container

D ax direct measurement of maximum dose in a given irradiation(Coptainer

Don direct measurement of dose at the routine monitoring position

Deior Sterilization dose determined in accordance with
IS0 11137-1:2006, 8.2

D nax ace maximum acceptable dose determined in accordance with
IS0 11137-1:2006, 8.1

D in ™t = Do * UF o wer calculated dose at the minimum dose position used for establishing
process parameters that ensures at a specitied level of confiderjce that
Dy is met or exceeded during routing processing

Doy ™= Dy ace * UFupper calculated dose at the maximum dose position used for establighing
process parameters that ensugesat a specified level of confider]ce that
D hax acc IS not exceeded during routine processing

UF ower = 1/(1 = k* 0process™P/100)  |process factor used to caleulate Dy,pger 1V and Dy, limit
(where 0,,.,..ss™'" is expressed as a percentage)

UF pper = 1/(1 + k¥ 0p5cess™*/100) | process factor usedite calculate Dy, pger PP and D1t
(where 0,055 71s expressed as a percentage)

Amin/mon = Pmin / Dmon ratio of minimum to monitor dose determined by dose mapping

Amax/mon = Pmax / Pmon ratio of maximum to monitor dose determined by dose mapping

D on®*®" = Dgter/ Rinin/mon dose at the monitoring position that correlates to the sterilizatjon dose
specification

D on™3*2¢€ = Doy ace/ Rmax/mon dose at thg monitoring position that correlates to maximum ac¢eptable
dose specification

1) targetlower = D, limit / Rinin/mon calculated dose at the routine monitoring position used for estg blishing
process parameters that ensures at a specified level of confider]ce that
D¢, is met or exceeded during routine processing

Diarget PP = D, . imit / R\ax/mon calculated dose at the routine monitoring position used for estg blishing
process parameters that ensures at a specified level of confiderce that
D\ax.acc 1S not exceeded during routine processing

Oeal component of uncertainty related to the calibration of the dosimpetry
system including the uncertainty reported by the calibration laporato-
ry, uncertainty in the mathematical fit of the calibration functi¢n, and
uncertainties due to influence quantities, but excluding components due
to the reproducibility of the dosimeter measurement (see 0,,,,)

Olprach component of variability related to the radiation source and konvey-
or system

Omap component of variability measured during a dose mapping exercise

Oprocess standard deviation associated with the irradiation process used for
setting process target doses

Oprocess -+ — The standard deviation associated with the process
maximum dose
Oprocess™ " — The standard deviation associated with the process
minimum dose

Orep component of variability associated with the reproducibility of the

dosimeter measurement

© IS0 2020 - All rights reserved 3
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4 Principles applied in validating and controlling an irradiation process

4.1 General

Many dose measurements are made in the validation of an irradiation process as described in
[SO 11137-1 and ISO 11137-3. These measurements are used to establish a relationship between
processing parameters, monitoring dose, and the range of doses to a product, and to characterize the
variability associated with the process itself. These measurements are made with calibrated dosimetry
systems traceable to internationally recognized standards with a known level of uncertainty.

It is a requirement to monitor that the validated radiation sterilization process is in a state of contrgl.
[SO 11137-1:2006, 10.6 requires the use of dosimeters in routine monitoring and control and providé¢s
guidancq on the additional review of monitoring of process parameters when determining that produft
has been|processed according to specification.

The combpination of dose measurements, monitoring of the associated processing paranreters used to
achieve those doses, and procedural controls are critical in establishing a process _and determining
whether|or not it is in a state of control.

4.2 Use of the dose measurement at the monitoring location

4.2.1 General

Analysis|of measurements from routine monitoring dosimeters<is tsed to determine whether or not
process §pecifications have been met. There are two methods afianalysis that can be considered:

1) intefpretation of dose measurements as a direct.dp indirect measure of dose delivered to
product; and

2) intefpretation of dose measurements to monitarthat a process is in a state of control.

In all casps, a validated process provides an expéctation of the monitored dose based on derived process
target dgses and associated processing parameters. The interpretation of the monitoring dose should
be docurhented in the process specification:

The ability to detect changes in the precess is limited by the intrinsic variability of dose at the routipe
monitoring location i.e. the variability measured when the process is in control. If 0., of the monitoring
dosimetty system is large or desimeter placement imprecise, this variability mlgﬂt be significant]y
higher tHan the true variability of the process. In such circumstances, significant changes in the process
could gd undetected, because they are masked by the high intrinsic variability at the monitoring
location.|Steps should be taken to minimise variability arising from the monitoring dosimetry system
and dosineter placement. See 6.5.4 and Annex A, Example 3.

4.2.2 D, ,,asanindirect measurement of dose to product

the momtormg location as well as the uncertamty assoc1ated Wlth the dose at maximum or minimum
locations and associated ratios, plus any other applicable components of uncertainty. A combination
of these components can be used to determine the maximum and minimum targets for the routine
monitoring dose. See 6.5.2, 6.5.3 and Annex A, Examples 1, 2 and 5.

4.2.3 D, asaprocess monitor

Itis acceptable to monitor a process where the maximum or minimum dose to product are not measured
routinely (directly or indirectly), but rather where a range of monitoring doses are established that
indicate that the process meets specification. In this situation, the variability associated with the
measurement of minimum and maximum doses from PQ, combined with other relevant components
of uncertainty can be used in determining maximum and minimum targets for the routine monitoring

4 © IS0 2020 - All rights reserved
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dose. The variability of dose at the monitoring location is then used to determine the acceptable range
of doses that indicate that the process is in a state of control and meets process specifications. Because
the routine monitoring dosimeter is not used to measure minimum or maximum dose to product,
the uncertainty associated with the relationship between the monitored dose and the maximum and
minimum doses within a process load has no relevance in determining process target doses and process
conformance.

4.2.4 D_;,orD_.. asadirect measurement of dose to product

When routine dose is measured at the minimum and/or maximum dose location in the process load,
then the dosimeter measurement provides a direct measurement of dose to product. It can dls¢ be used
as an indicator that the process is in control. In such case, the benefits of both 4.2.2 and #.2:3 might be
athieved. See Annex A, Example 2.

There are circumstances where a limited amount of data is available to predict the-outcome of  process.
Aph example of this is an off-carrier process which is based on a single dose miap’(see 6.4.1),|In these
ases, enough dosimeters need to be placed on products to provide a direct measurement of hinimum
ahd maximum dose.

()

4{3 Monitoring of critical process parameters
Aph important consideration in process control is the ability toydetect if a processing pargmeter is
changing in a manner that can affect the output of the procéss. The ability to monitor and/ofr control
ptrocess parameters critical to the process output is, thepefore, an important factor in ensyring the
state of control of the irradiation process.

There are three main classes of processing parameters to be considered: parameters that relate to
le radiation field, parameters that relate to theexposure time of the product to the radiatjion field,
ahd parameters that relate to product influence. Table 1 provides an overview of the effect df critical
process parameters and how they could be monitored.

=

Table 1 — Process parameters critical to radiation sterilization

Parameter Effect Monitoring Gamma ltzllf); X-ray
Radiation field
Radioisotope decay  |Over time the radiation Source decay occurs based
intensity is reduced on the half-life of the isotope; v
date of irradiation is recorded
Hlectron energy Energy affects the penetra- Irradiator parameters asso-
tion depth of electrons, scan |ciated with input power and
width, and also X-ray conver- |beam current are monitored;
sion efficiency indirect measurements using v v
beam penetration profiles are
made periodically as part of a
quality control check
Beam current A change in beam current Can be monitored indirectly
will lead to a change in the during operation; indirect v v
radiation intensity and monitors can be calibrated
possibly of the beam energy
Beam scan width For scanned system, width Monitored indirectly by
will affect the size of the feedback of scanning system,
radiation field and a reduction |or directly through intercep- v v
in width will increase the tion of the beam, or through
radiation intensity periodic dosimetric tests
© IS0 2020 - All rights reserved 5
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Table 1 (continued)

Parameter Effect Monitoring Gamma Ell'f); X-ray
Exposure time
Cycle time Dose is directly proportional |Cycle time is set by operator,
to cycle time. An increase in  |recorded as part of the pro- v v
cycle time equals an increase |cess and associated timers are
in dose. calibrated
Conveyor. cpppr‘] Doselis invm"cp]y Eeedback from convey-
proportional to speed of or speed monitors; direct v v %
product travelling through measurements made during
an irradiation field periodic tests
Product influence
Loading pattern Changes to loading pattern Defined product loading
including product orientation |patterns and procedures to
inside a carton and/or carton |ensure products are loaded v v v
loading into an irradiation according to specification
container can affect dose
delivery
Density 4nd Materials surrounding prod- |Appropriate scheduling
loading uct during irradiation can of process loads; defined
pattern df affect dose delivered through |criteria resulting ffrem 0Q v v v
surrounding attenuation or scattering of  |for materials surrounding
material$ radiation product during frradiation are
documented

5 Establishing process target doses
5.1 Inputs and steps in establishing a process target dose

5.1.1 General

g

The irradiation process is monitored using processing parameters and dosimeter measurement
Three pijocess target doses at the-routine monitoring position can be defined; Dtargetlower, Diarget"PPI"
and D, }.. corresponding, respéctively, to the lower and upper set limits for the process target doge
and the dctual process targetdase chosen for processing under given conditions.

There arf a number of factors used in the determination of a range of process target doses.

The inpyts and steps/ifi establishing a process target dose are listed in the following sections and
depicted|in Figure-1\

6 © IS0 2020 - All rights reserved
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Process
Validation
Inputs _ Set Analyze
> Determine Process Procoss
O'process Target Output
Additional Product /
Inputs Specification /
Review <

Figure 1 — Inputs and steps in establishing a process target dose

5/1.2 Process validation inputs (installation, operational and performance qualification)

The results of process validation that can be used to provide input into establishing proceps target
dpses include the following:

a] the magnitude of minimum dose to product'D,,;, for a given loading configuration and set of

operating parameters and its relationshipste the routine monitoring dose D, ;

b] the magnitude of maximum dose t@ product D, ,, for a given loading configuration and set of

operating parameters and its relationiship to the routine monitoring dose D, ;

c] the variability associated with"D,;,,, D,.x and D
ratios (if used);

mon and the uncertainty associated with their

o)

nd if applicable the effects.of

d) process interruptions;

e] transitions bétWeen different product;
f] partiallyfilled irradiation containers.

The application of process validation data in establishing process target doses is discussed furtHer in 5.2.

5|13 Additional inputs

Additional inputs may include components that contribute to the uncertainty of the process which are

not captured during process validation. These might include, but are not limited to o_,), and/or targeting
buffers defined by the operator as applicable.

5.1.4 Determine o,

The standard deviation to be used in setting process target doses is designated o,.,..ss and can be

derived by quantifying individual components of measurement uncertainty and process variability or
by quantifying a combination of components obtained during qualification exercises and by the use of
historical data for a given irradiator.

© IS0 2020 - All rights reserved 7
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used to calculate the upper process target dose (o,

process process

process

estimation of these inputs is discussed further in 5.3.

5.1.5 Product dose specifications

Product dose specifications determined in accordance with ISO 11137-1 are:

a) the sterilization dose D

ster’

max) and
min) can be used to determine the range of process target doses. The

b) ther

5.1.6

A covera
(see 5.4.]

5.1.7

naximum acceptable dose D ., ,cc

elect coverage factor k

pe factor k is selected, representing the level of confidence required or selected for, the proce

).

etting process target doses

The co

monitoring location defined between:

a) the lowest process target dose that will achieve a minimum dose ‘to product equal to or great
than| D

b) the highest process target dose that will achieve a maximtin dose to product equal to or less thd

D

majx

The calclilation of these targets is discussed in 5.4.

5.1.8 Analyse process output

Analysed
the proc

5.1.9 Review

Ongoing
6.6 and (

5.2 Pe

5.2.1 (

The purj
distribut

bination of these inputs is used to calculate a range of process tdrget doses at the routiy

ster at a defined level of confidence;

acc at a defined level of confidence.

Ss is operating in a state of contrelfsee 6.5 and 6.6).

review of data should bie uised to refine the initial information used to determine o.,¢ess S€
lause 8.

rformance qualification outputs

heneral

ose of performance qualification (PQ) dose mapping is to provide information about the dos
ion,in a process load and the variability associated with the process. Zones of minimum arg

of routine dose measurements and monitored processing parameters are used to determineli

bS

S

T

maximu

b | 4= | s a 1 | A | 4= £ b 4= LA | PR N | <
IT'UUST LU PIUduUtLL ULl 4 gIVEIT PIULTSS TUAU AU STL UL UPTIL AU PAadl dIIITLCL S dI' T IUTIILITICU dl1Tu

location for the routine monitoring position is established.

a

The minimum or maximum dose zone can be chosen as the monitoring location(s). Alternatively, a
measurement of dose in the product can be made indirectly by establishing relationships between the
doses at the minimum dose location, maximum dose location and at a routine monitoring position.

Although the minimum number of replicate irradiation containers dose mapped is typically three, a
higher number of replicates increases the confidence in the derived average minimum and maximum
doses to product and, if applicable, the relationship of these doses to the routine monitoring dose and
associated standard deviations for a given process.
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Dgier and Dy .y oo are established according to the requirements of ISO 11137-1. Performance

Qualification establishes the relationship between D, Dy acc and the routine monitoring dose
for a given process. This relationship, combined with information on dose measurement uncertainty
and process variability, can generate a range of process target doses at the monitoring location(s)

(see Figure 5 for an example process).

5.2.2 Experimental design for PQ

There are a number of factors that go into the design of a PQ study which will provide enough
information to set up-a process thatwhen in a state of control renders prnr‘]nr‘f thatisirradiated within
its dose specifications D, and D, ... This can include the determination of the relationship[between
nlaximum, minimum and monitoring doses as well as information on the variability of the\profess.

]

ictors which can influence the number of dosimeters used and the number of replicate dgse maps
irfclude, but are not limited to, the following considerations:

radiation type (gamma, electron beam, or X-ray);

b] complexity of the product;

c] historic dose mapping data from similar products;

d) information gained from OQ;

e] output of mathematical models.

Iiformation on the use of mathematical models can be found in ASTM E2232[8l,

IffPQ has been carried out using dose mapping exetcises that are planned in such a way as tq capture
r¢levant sources of process variability, it is possible to analyse the data to obtain a combined value of
nultiple components of variability. For example, a PQ dose map study in gamma can be degigned to
irfclude the expected range of processing conditions including surrounding products, and a PQ dlose map
study in electron beam can be designed(fo include combinations of irradiation parameter variations
irfcluding variations apparent over logng time intervals. See Annex A, Example 3 for a PQ degigned to
provide a combined value of multiple.components of variability.

Alternatively, if the PQ dose mapping does not capture the combined effects of these components, such
a$ dose mapping carried outwith no variation of the facility parameters or is designed to rgduce the
variability associated withnormal processing (sometimes referred to as a quiet system), aflditional
components of variability should be included to obtain o,.,..s; Where appropriate. This njight, for
example, be variability associated with the irradiation parameters or surrounding products that would
have been deternfined during 0Q. See Annex A, Example 4 for an example calculation of o, derived
fjom 0Q data.

The calculation of 0,,,..s can be different when running a quiet system versus running with|frequent
tjansitiens, partially filled containers, and interruptions. See Annex A, Example 1 for an example where

the caleulation of 0, is adjusted when changing from a quiet system process to a transitiop.

In+the-eas estabhsh rotessingeonditionstor-whichtheretsahistor dose-mappingand routine
monitoring data, it might be possible to base the estimate of 0.5 On pooled information from such
data. The use of pooled data, for instance from irradiation of members of the same processing category,
is likely to result in a more confident determination of 0.,c.s than values based on fewer dose maps.

See Annex A, Example 2 for a process using historical data.

More examples of approaches for analysing PQ data and determining o are given in Annex A.

process

5.2.3 Processing categories

The establishment of processing categories allows the operator to group together products which can
be irradiated using the same processing parameters. The choice of parameters might not be optimal for
any one product but rather provide a common process that will work for all products in the group.
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For gamma and X-ray facilities, rules regarding processing categories can be established during 0Q. A
key part of establishing processing categories is the evaluation of how density variations in surrounding
irradiation containers affect known dose distributions and magnitudes in order to determine allowable
density variations within a processing category. A product can be a member of more than one processing

category

depending on the range of allowable process target doses. Products which can be processed in

more than one processing category are often used to transition between densities. See 5.4.3 and 6.3.6

for more

information on transitions.

For electron beam irradiation, products are typically irradiated in sequence with gaps introduced
to mitigate influences between product groups with different density characteristics or processing

requirenjents. Products can be grouped into processing categories if the dose map results indicate thpt

they can
containe

5.3 Components of o

5.3.1 (

O-pl”OCESS 1

with the
In order]
measure
to consid
and mon
irradiati

O-pI'OCG_SS q
combine

Animpo

are appdrent in the measurements made during.PQ. Certain components will express themselves Il

the time
describe

be processed with the same processing parameters and the influence of adjacent irradiatiqn
's, if applicable, has been characterized and taken into account.

process

heneral

used in setting process target doses and represents a combination ofthe variability associatgd
process and the inherent uncertainty in the measurement of dese-(ISO 11137-3:2017, D.2).
to establish o, it is necessary to first identify all potentially significant sources pf
ment uncertainty (see ISO 11137-3:2017, 4.3.1) and process variability. It is then necessafy
er the relevance of all components to the way the irradiation process is validated, operatgd
itored (ISO 11137-3:2017, D.2). The relevance of differént’components depends on how the

bn process is designed, validated and managed.

an be derived in a number of different ways. Thése could involve quantifying individual ¢r
l components and can also involve the use of historical data including OQ data.

tant consideration in the estimation of o is whether or not all of the relevant components

process
while others can be only apparent overtime, or not at all. Figure 2 and the following sections

the main categories of components©f o,,,.ss and how they can be estimated.

10
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Figure 2 — Components of 0, .

3.2 Components related to measurement uncertainty

hcertainty is inherent in every dosimeter measurement, but the relevance of measurement ungertainty

5
U
components in processing for inchision in 0;.,cess N€€ds to be determined by competent pgrsonnel.
S
C

bme of these components are'captured in the dose mapping process and some are not.

bmponents related to measurement uncertainty can be categorized into three groups: Components
r¢lated to dosimetry system calibration, components related to dosimeter measurement reproducibility,
ahd components related to indirect measurements.

Cpmponents of tincertainty related to dosimetry system calibration, o, include:
the uncertainty reported by the calibration standards laboratory;

b] thewuncertainty due to the mathematical fitting of the calibration function;

c]_“the uncertainty related to the effect of environmental influence quantities on dosimeters during
calibration and use.
NOTE Oy does not include the reproducibility of the dosimeter measurement as determined during

the calibration exercise as this component of uncertainty will be expressed in components related to process
variability, see 5.3.3.

The uncertainty due to the calibration standards laboratory and mathematical fit of the calibration
function will not be apparent in measured variability but can display a noticeable change after a new
calibration is performed and implemented. The effect of influence quantities can be unapparent over a
short time period but noticeable over longer time periods as, for example, seasonal shifts can change
environmental conditions.
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The inherent variability associated with a dosimeter measurement is designated as o, In an
irradiation process, it might not be practical to measure this component in isolation as the variability
due to all other aspects of process delivery will contribute to observed variability in repeated dose
measurements. In some applications of dose measurements, this variability can be included in a
statement of uncertainty associated with a measurement (see References [3] and [4]). However, this
component should not be treated as an additional component of 0. as it will be captured in other
observed variability.

Additional components of uncertainty will need to be considered in the case of indirect dose
measurements. These are described in detail in ISO 11137-3.

More inlformation on components of uncertainty and influence quantities can be found-In
ISO/ASTM 51261131, ISO/ASTM 51707[4], and ISO/ASTM 527011el,

5.3.3 (Components related to process variability

A PQ dope mapping exercise (ISO 11137-1:2006, 9.3) is designed to capture components of o,

proce
Howevel} depending on the design of the PQ dose mapping experiment (5.2.2), different components pf

Oprocess Will be captured.

wn

The components of process variability captured in the dose mapping exercise are designated o, nd

compongnts that can contribute to o,,,, include:

map'a

a) the groductloading variability;
b) the fadiation source and conveyor system variability (o,,,,4;

¢) the yjeproducibility of the dosimetry system (o,.);

d) the variability of process conditions (e.g. density transitions in the case of gamma irradiation);
e) the yYariability in dosimeter positioning.

These components of variability are measured in combination in some form during dose mapping, blit
the extent to which the full variability of théprocess is captured will depend on the design of the doge
mapping|exercise. See 5.2.2.

Some of fhe variability measured i Oimap relates not only to the variability of the product, but also to
the varigbility in placement of desimeters in replicate maps. If dosimeter placement is not performed
consistently, this can inflate the measurement of o, in a way that does not truly reflect the produft
dose varfability. More information on PQ dose mapping can be found in ISO/ASTM 52303[51,

The component of o,,,, ¢ measured in o,,,, will capture the variability over the period of time that the
dose mapping exerciSe-took place. In some cases, 0,,,., can be estimated if the processing parameters
for the inradiator are well understood and characterized.

A combination;of oy, and oy, can be measured over time using a routine monitoring location whic¢h
is indepgndent of other influences such as product (Annex A, Example 5). An example of estimation pf
Omach based“on processing parameters can he found in Annex A _Example 4

Dose maps are often performed in a “quiet system”, which means that the variability of process
conditions is not always captured as part of PQ. Operational qualification studies can provide additional
components of 0,,.,..c; Where applicable, such as process interruptions, transitions between different
densities, effects of partially filled irradiation containers and variability over time. Components related
to these studies can be combined as part of 0, if these effects are anticipated as part of normal
processing. Annex A, Examples 1 through 5 consider additional components of 6,405 Which were not
captured in PQ.
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5.3.4 Combining components of uncertainty

The relevant components of 0,0, When combined in quadrature, i.e. the square root of the sum of the
squares, contribute toward 1ts total value.

For example calculations of 0},.,ss see Annex A. Multiple examples are provided to give a sense of
the different components that are relevant depending on the design of the qualification studies, the
irradiation process and how the irradiation process is managed.

Regardless of the approach taken in estlmatlng o
VET lly dllu pUbblUly I Cllllﬂ LIIE lIlllel CbLlIIldLC Ul (¢}

processr ONgoing process monitoring should be used to

process®

5{3.5 Reducingo

process

If] 0 ocess 1S OVerestimated, it can reduce the ability or flexibility to process produet. Overegtimation
can occur if uncertainty or variability components are double counted, or if,these comporjents are
timated overly conservative. These issues can be avoided by a properly established budget cdntaining
| significant components of uncertainty and variability. Concepts to reduice the value of certain

mponents are provided in Table 2.

QO v 0D

NPTE The identification and quantification of the components of og.seess provides information fon which
cgmponents are the greatest contributors to op,.,..ss and, therefore, will have the greatest effect on how
the overall variability associated with the process can be reduced. This can include, but is not limited to, the
cqtegories of components that can contribute to 0}, listed in Table 2.
Table 2 — Potential components of o, ;s and actions to reduce them
(Jomponent Detail Notes Action to reduce
Olcal Uncertainty reported by This*¢omponent will not man- |Use an accredited calfbration
the calibration standards ifest itself in observed vari-  |lab with a lower reported
Jomponents s . . :
laboratory ability for a given dosimeter |uncertainty.
related to . !
. batch/calibration, but should
dosimetry :
drstem be included for measurements
4 . that require traceability.
yncertainty

0., €an become apparent in
the form of a step change in
routine monitoring results
when a new dosimeter batch
or calibration is used.

Uncertainty due to mathemat- [Uncertainty can vary depend- |Increase the number pf rep-
icalfitting of the calibration |enton dose level. licate measurements during
function . . calibration; select thqg cali-
This component will not . .
. . ; bration curve best fitfed to
manifest itself in observed . :
s ) the data using a residual plot
variability for a given do- .
; . X to support selection; fhoose
simeter batch / calibration : i
doses most suited to fover

and is inherent in every dose .
y the operational rangg of the
measurement. . :
irradiator.

Uncertainty related to the Dependent on the conditions in |Ensure calibration condi-
effect of environmental influ- |which dose mapping occurred, |tions and/or verification
ence quantities on dosimeters |these might or might not have |conditions reflects conditions

during calibration and use been captured, e.g., dose map- |during mapping exercises and
ping at lower doses might not |routine irradiation, including
reflect the influence quanti-  |temperature and dose rate as

ties, namely temperature, seen |applicable.

in routine irradiation. . .
Repeat calibration seasonally

if required.

NOTE This table provides possible component groups to provide a framework for readers. It is important to note that
components can be grouped differently in practice to avoid double counting, etc.
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Table 2 (continued)

Component Detail Notes Action to reduce
Orep monitoring |Consistency of dosimeter Measured doses depend on Make sure dosimeters are
S placement for measurement |both radiation delivery char- |consistently placed, possibly
Reproducibility oo e .
of monitoring dose acteristics as well as effects of |using a template for place-
surrounding products. ment or a fixed holder on the
irradiation container.
Variability due to product In electron beam, scattering |Use routine dosimetry ata
influences from products can affect o,,, |location remote from product.
seen at the routine monitor- .
) . . |Well defined product pack®
ing position if placed on or in X
' L . aging procedures to ensune
the irradiation container. ; )
consistent presentation.of
In gamma and X-ray, voids in |the product to the beam are
product packages or shifts important when using dosim
in process loads within the etry locationswremote from
irradiation container can lead |product. Since the dosime-
to inconsistent doses at the ter is not on'the irradiation
routine monitoring position. |container it will not be able t
detect incorrectly packaged
product.
Packaging designed to pre-
vent products from mov-
ing within the irradiation
container will also reduce
variability due to product
influences.
Measurement — |Uncertainty, for indirect The uncertainty associated Use a method of process
Indirect measurements, in dose ratios |with ratigs isrelevant when |monitoring as opposed to
derived from dose mapping using agoutine monitoring product dose measurement ip
dosimeter to make an indirect [setting process targets. See
measurement of minimum or |4.2 and 6.5.4.
maximum product dose deliv- . .
. Monitor minimum and/or
ered during the process. . .
maximum dose directly. See
Annex A, Example 2.
Omap Variability of loading Refers to tolerances on how |Define a more secure loading
configuration product boxes are placed in- |configuration to reduce
Compongnts . . L . RS
side an irradiation container. |variability due to products
related tp dose Cers .
shifting, or introduce mate-
measurements .
: rials to prevent product from
during . oy . L
= moving within the irradiatiof
Qualification .
; container.
studies
YVariability of product Refers to variations in prod- |Administrative or other con-
ucts, relevant where indi- trols to ensure that individ-
vidual product units insidea |ual product carton loads are
product box have inconsistent | packed consistently.
p:\r‘l{ing’ such asbulk materi-

als, or where products are not
produced uniformly.

Define an even distribution

of density within the product
case orientation to reduce den-
sity variability across the load.

NOTE This table provides possible component groups to provide a framework for readers. It is important to note that
components can be grouped differently in practice to avoid double counting, etc.
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Component Detail Notes Action to reduce
Consistency of dosimeter Can unnecessarily inflate the |Make sure dosimeters are
placement in dose map value of o, consistently placed for repli-
product cate maps (properly defining

location in or on product).
Implement appropriate qual-
ity control and training to
assure consistent placement
of dosimeters.
Uncertainty related to the re- |Will be measured inherently |Multiple dosimeters 4t some
producibility of the dosimetry |along with contributions of  |dose mapping locatiohs can
system used in dose mapping |0,,ach- be a way to reduce thjs con-
Reproducibility of the dose tr1bu_t10r_1, such as thejroutine
s . monitering location gnd
mapping dosimeters should .
. : . expected areas of makimum
not be included in o, as it L
. ca and minimum dose
will appear as part of Omap:
. Measure multiple poditions
This is an example of a conr= . .
considered equivalenft based
ponent that can be double o .
: on symmetry within fin irra-
counted without careful e .
: diation container.
analysis.

Olmach Variability in output power Power and energy‘changes Improve control of pgrame-
and energy for electron beam |can affect th€ dose delivery to |ters. Assess parametgr effect

Jomponents d X-irradiati h d d adi lated tol

blated to and X-irradiation the product: and adjustre fate tolprances

machine This variability is measured as necessary for glven} operat
R . ing conditions. Run pfocess at
viariability during 0Q.
most stable process garame-
ters if possible.
Variability in low dose pro- Product movement at fast For electron beam, qyalify the
cesses at fast conveyor speeds |conveyor speeds can affect process with reduced power
or short cycle times the dose delivery to the output. For gamma, qualify
product. This is especially the process with few¢r source
apparent at lower doses. racks for greater spe¢d con-
trol (if possible).
Jomponents Dose effects-dute to transition- |For gamma irradiators, the Transition by going up and
related to ing between-different product |effect on dose to product of |down the density ranjge
processing densities different densities presentin |where product dose windows
cpnditions the irradiator is determined |are wide enough.
as part of process qualifica- .
tion (ISO 11137-1:2006, 9.3.7). | Us¢ phantom materiglata
similar density to trapsition
For electron beam, the effect |between products.
of empty or absent. irradiation Schedule products with simi-
containers preceding and . S
. . lar density character]stics in
following the product is cap- sequence
tured in the PQ dose mapping q '
exercise.

NOTE This table provides possible component groups to provide a framework for readers. It is important to note that
components can be grouped differently in practice to avoid double counting, etc.
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Table 2 (continued)

Component Detail Notes Action to reduce
Dose effects due to process In gamma, process inter- The effect of process inter-
interruptions ruptions can lead to a small  |ruptions is not always able to
increase in dose and will be reduced by modifications

depend on activity level and  |to the equipment.
the speed at which the source
rack returns to the storage
location and to the irradiation
positiomrastheresuttofam
interruption.

In electron beam, the effect
of process interruptions can
depend on the cause of the in-
terruption, and its magnitude
relates to the geometry and
power of the beam, the speed/
position of the conveyor dur-
ing the shut-down and restart
of the process and the size
and weight of the irradiation
container.

It can be necessary to diseard
product that has undergene a
process interruption.

Dose effects due to partially |This is applicablé.in gamma, |The effect of partially filled

filled irradiation containers |and X-ray whete partially irradiation containers can
filled containers can affect be mitigated by filling the
dose to prioduct. remainder of a partially filled

container with phantom
material to simulate a full
container.

NOTE This table provides possible component groups to provide a framework for readers. It is important to note thgt
componerijts can be grouped differently in practice to avoid double counting, etc.

5.4 Esgablishing process targetdoses

5.4.1 (overage factors

One method for determining the range of process target doses is to apply a coverage factor k to the
estimate| of o which is dependent on the required level of confidence that the minimum dose to

process .
product ¢xceeds D jand the maximum does not exceed D

ster max,acc’

The covdrage factor k is generally taken as k = 2, approximating a 95 % level of confidence for a twg-
sided Gapissian distribution, or a 97,5 % level of confidence for a one-sided Gaussian distribution. Twe-
sided di§tributions are used when the requirement is to determine the range of doses around the
process target dose such that doses higher and lower than the process target dose are expected. A one-
sided distribution is selected when the requirement is to either stay above the required minimum dose,
or to stay below an allowed maximum dose. Therefore, processing at D, .,.;/°"¢" which was established
with k = 2 means that there is 2,5 % chance (risk) that the minimum dose might fall below D

ster*

NOTE The actual confidence level depends on the degrees of freedom (related to the number of
measurements). Refer to the Guide to the expression of uncertainty in measurement (GUM)MI [12] for further
information on the relationship between confidence levels and number of measurements.

Different values of k are applicable based on the risk assessment for the product and process
(see ISO 14971121y,
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In some situations, a product with a restrictive dose specification (i.e. small difference between D
and D,y acc) €an only be processed using a target dose calculated with a low value of k, in which case
the increased risk that D < D..and D, > D\yax,acc Should be evaluated, and taken into account as
part of the business decision and risk management. A record of process parameters for the batch can

provide useful information to assess process conformity.

5.4.2 Process factors

Oprocess Cal be used in the calculatlon of the range of doses at the monltorlng locatlon(s) that correspond
tq—doses to : : : = : a_de level of

confidence. This can be achleved by the calculatlon of process factors de51gnated U upper [Flower:
UFypper =1/ (1 + k 0p6cess™** / 100) (5.1)
UFlower =1/(1-k Gprocessmin/ 100) (5.2)

where 0y;5c05sm%* and o Oprocess™ ™ are the process standard deviation (values associated ith the
mjaximum and minimum doses to product respectively. These 0, c.; values are multiplied by a poverage
gctor k depending on the level of confidence required. Different values/of k can be selected fqr UF, .,
apd UF;,,.. depending on the requirements of the process. Using the-values of UF obtained aljove, two
statistically based values for the highest and lowest dose valuesyat the maximum and minimum dose

ppsitions can be defined for use in the process. These are designated D, ,,[imitand D, ; limit resgectively:

Dmaxlimit = Dmax,acc * UFupper (5'3)
Dmin]imit = Dster * UFlower (54)

The routine monitoring location(s) can be at’the locations of maximum and minimum dosg or at a
s¢parate monitoring location. For processes with routine dose measured at a separate m¢nitoring
Idcation, the range of target monitoring doses can be calculated from Formulae (5.3) and| (5.4) as
fdllows:

D upper — Dmaxlimit / Rmax/mon (5.5)

target

Dtargetlower = Dminlimit / Rmin/mon (5-6)

5/4.3 Choice oftarget processing parameters

The target processing parameters can be any combination within the operational specificatipn of the
rradiatordhat maintains the required dose distribution and 0,,,.,.ss and that targets a mininfum dose
tq productat or above D, limit and a maximum dose to product at or below D, limit, Whatever target
dpsed(Diapged) is chosen, a "distribution of results above and below this value will be obtained during
routine momtormg of the irradiation process.

—

The choice of Dy, get = Dygrger ®Ve" can be made in the case where the facility is aiming for operational
efficiency. Operation at the lowest dose possible will increase the amount of product that can be
irradiated in a given time period.

Diarger can be chosen based on historic knowledge. In an established facility, and where dose
specifications are easily met within the process, a choice can be made to use a targeting buffer to
determine D, ,.."PP¢" and D argetlower. The calculation of UF, ., and UF),.r should still be performed
in order to verify that the variability associated with the process fits within the targeting buffers. An

example of a process using a targeting buffer can be found in Annex A, Example 2.
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Another strategy is to choose a target dose that is near the middle of the range of target doses between
Diyrget"PPeTand D lower This strategy would put the process at a lower risk for an out of specification
measurement.

target

Special causes can be taken into consideration when setting up processing parameters. Examples of
special causes include anticipated changes to dose delivery as a result of density or processing category
transitions in gamma or X-ray, or effects due to process interruptions. These effects are characterized
as part of OQ or through a combination of 0Q and PQ studies.

In gamma irradiators transitions between processing categories might be accomplished by scheduling
product [that fits into both processing categories when parameters are changed, as applicable
(see 5.2.B). Similarly, transitioning between products with different densities might be performed-yy
processihg products in a sequence where a change in parameters from one density to the next\would
result in[doses within specification for all product in the irradiator. For examples of the calgulation pf
transition effects in gamma, see Annex A, Examples 1 and 2.

Process [interruptions can affect maximum and minimum doses differently. The leffect of process
interrupfions can be included when setting up processing parameters if the magnjtude of the effect stjll
allows tHe process to meet dose specifications. See 6.3.5 for more information on process interruptionls,
and Annéx A, Examples 2-4 for their application in setting processing parameters.
and D for the

The estaplished process target dose ensures, through process monitoring, that D . max,acc

product fire met on a routine basis, within the defined level of confidence)

5.4.4 Assessing process capability
Process ¢apability is a measure of the ability of a process to preduce an output within specification.

The range of process target doses provides a first indication of whether or not a process will be capable.
For exaﬁlple, if Digrger®Wer is higher than D, ..., "PPeT, this means that specifications cannot be met for
a given process without changing either the dose'specifications, the product loading configuratiop,
the level|of confidence, or working to reduce components of o Annex A, Example 3 provides dn

i i L K process*
exampleof a process with tight dose specifications.

Itis possjble to operate when Dy, g/°"e" {S qual to Dy,,.PPeT, but an irradiator operator can choose fo
specify d minimum difference between‘the two based on the ability to reliably target the process. Thijs
amount yill depend on both irradiater capabilities and facility policies.

NOTE In process establishmenty all relevant sources of measurement uncertainty and variability wef
considerdd. During routine proc¢essing where there are no special cause events, only a subset of variability wjll
be appargnt, thus when measuting the capability of a process, only observed variability is considered.

(¢)

More infprmation on process capability assessments can be found at ASTM E2281[2].

6 Routine monitoring and control

6.1 Ganeral

Routine monitoring and control represent the specific activities to ensure process specifications are
achieved.

Routine process controls should be administered to ensure that products are processed to the
requirements specified in ISO 11137-1. Process controls during routine processing include proper
receipt of product at the irradiator, scheduling, product loading, storage, handling, irradiation, dose
monitoring, unloading, product release, and shipment of product. For some of these items, the elements
that need to be considered are common to gamma, electron beam, and X-ray, while other items possess
elements that are unique to either gamma, electron beam, or X-ray.
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6.2 Product handling

6.2.1 Receipt of product

Upon receipt of product at the irradiation facility or department, the product or shipment should be
verified for the correct lot or batch, storage specifications if applicable, processing specifications, and
product count, including a count of products designated for testing purposes, and products which are
damaged upon receipt, in accordance with written procedures.

2,

NPTE It is common industry practice to have non-sterile products labelled sterile which are
ntract irradiator to receive a dose to render the product sterile. Regulatory agencies typically hay
quirements that need to be met when non-sterile product that is labelled sterile)is_shipped to 3
irradiator/sterilizer.

6/2.2 Loading

The following items should be considered when loading product inté-the irradiation container

product should be loaded into the irradiation containers in.ac¢cordance with the designated
loading configuration;

NOTE Each loading configuration to be used during routine processing, including parti
irradiation containers, is based on a dose mapping study.A specified loading configuration, as an g
dose mapping study, is a requirement of ISO 11137-152006 9.4.3.

dosimeters should be placed at designatee\locations and frequency per established pr
(see 6.3.3);

product count should be documented\for each run. Products designated for testing purpos
be included in the counts; howeverthis should be noted in the processing records;

any partially filled irradiatien containers should be noted in the processing records
product run;

any discrepancies identified during loading should be addressed per established procedur

2.3 Unloading

6
Ap product is uiloaded from the irradiator, the following should occur in accordance with doc
procedures:

countwverification;

palletization per established specifications, if required;

are non-
be under

sent to a
e specific
contract

product-

nlly filled
utput of a

bcedures

bs should

for the

umented

retrieval of samples designated for testing purposes;

retrieval of dosimeters, verification of correct placement, time/date of retrieval, and storage of

dosimeters until measured;

identification of damaged product;

identification of product status and storage in an appropriate designated area, taking into account

the need for segregation between irradiated and non-irradiated product.
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6.2.4 Storage

Post irradiation, products should be stored in the designated area. If necessary, store under specified
environmental conditions.

6.2.5 Shipment

Prior to shipment of product, the following should occur:

a) product counts at receipt, load, unload, and prior to final shipment should be compared and

disc
b) prod
c) verif

d) prod
6.3 Pr

6.3.1 (

Products

requirenpents in ISO 11137-1 and in accordance with documented procedures that ensure th

establish
system.

national
and docu

6.3.2 Processing parameters

The follo
a) posi

NOT
b) criti

bear
c) cyclg
d) chan
e) prod
f) locat
intey

fepancies documented and resolved;
uct should be inspected for damage and identified where needed;
y that process specifications have been met;

uct should be released for shipment (see Clause 7).
pcessing of product

heneral

should only be processed using an irradiator that has bgen-validated in accordance wif

ed process specifications are met. Doses should be monitored using a calibrated dosimetj
[he dosimetry system should be calibrated using established procedures and be traceable {
or international standards. The uncertainty in the medasurement of dose should be determing
mented.

wing should be monitored and documénted during the irradiation process:
fion of the gamma source rack(s)fex-gamma;
. Some facilities have multiple rack positions.

Cal beam parameters (e.g.;-beam current, scan current and cycle if applicable, etc.) for electrg
h and X-ray;

timer settings or'conveyor speed(s) in the irradiation zone (see 4.3);
ges in the cycletimer setting or conveyor speed part way through the irradiation process;

ess interruptions (if any);

ion of irradiation containers throughout the irradiation process, including proces

h

Q.0 <

ruptions;

g) identification of irradiation containers with monitoring dosimeters and information on the time/

date

that they are in the irradiator.

In meeting the requirement of ISO 11137-1 for control and monitoring of the electron beam or X-ray
process, it is important to differentiate critical beam parameters from secondary parameters. Critical
beam parameters can be defined as those that, if they deviate from the specifications, would result in
a loss of control over the validated state of operation. Critical parameters are those which affect the
energy level of the electron beam, average beam current, scan width and scan uniformity as applicable.
Secondary parameters can reasonably change without affecting the characteristics of the electron
beam, including parameters relating to, for example, the cooling or vacuum systems.

20
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The ability to monitor, control, and document the state of control of critical beam parameters is an
important factor in defining routine processing requirements.

6.3.3 Location of dosimeters

It is a requirement of ISO 11137-1:2006, 9.4.3 and 9.4.4 that a process specification be generated as an
outcome of performance qualification dose mapping. The process specification includes the location of
the routine monitoring position(s). For processes where the dose to the process load is not influenced

by surrounding product (i.e. electron beam), the location can be either within the irradiation container
oratan outside location ad}'nr‘pnf to andl/nr h'mml]ing with the irradiation container

6/3.4 Partially filled containers

Partially filled containers should be irradiated in accordance with documented‘procedures. The
practice of monitoring partial loading configurations should be validated. The effect on dos¢ (if any)
dfie to partially filled containers should be taken into account in assessing acceptability for use in the
process. More information on partially filled containers can be found in ISO 11137-3.

NPTE In practice, each type of partially filled container in electron beam'requires a separate dos¢ mapping
exercise.

6{3.5 Process interruptions

[

flinterruptions of the irradiation process occur, the effeet\of the interruption on the magnifude and
stribution in dose should be quantified based on previeus qualification studies (see [SO 11137-3).

(o8

For gamma, the effect of a process interruption on the dose is normally a small increasq in dose
delivered due to the additional time the product is.exposed to the source rack as it travels to and from
the irradiation position.

1]

br electron beam or X-ray, the effect of a\process interruption on the magnitude and disribution
 dose can depend on the cause of thednterruption and of the design of the irradiation faqility. For
xample, an interruption caused by a fault in the conveying system where there is a delay in turning off
the beam can cause an overdose, whereas a fault in the beam where the conveying system is n¢t able to
stop instantly can cause an underdose. See also Table 2.

@ O

This effect on dose (if any) should be taken into account in assessing the conformance of the pfocess.

3.5.1 Interpreting dosimeters following a process interruption

6

For process interruptions where there is a dosimeter in the irradiation zone, the dosimpter will
nleasure two gr.more fractions of dose. The effect of fractionation on dosimeter response, as wiell as the
effect of any\extra time while the cause of the interruption is resolved on dosimeter responge should
be characterized as part of the dosimetry system calibration. The effect of the process intdrruption
oh dose-might or might not be measured depending on dosimeter location relative to the gource of
rgdiation when the interruption occurred.

6.3.5.2 Process interruptions which require the movement of irradiation containers

If it is necessary to move irradiation containers as the result of an interruption, it is essential to place
product into the validated loading configuration, with all individual packages in the same positions and
orientations within the irradiation container at the same position where it was previous to interruption.
The verification that product has been returned to the same positions and orientation as prior to the
interruption should be documented.

6.3.5.3 Process interruptions for products capable of supporting microbial growth

For product capable of supporting microbial growth, the process specification should include the
maximum interval of time that can elapse between the completion of manufacture and the completion
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of sterilization, and the conditions of storage and transportation to be applied during the time interval,
including irradiation (see 4.3 if applicable). The interval of time during the process interruption,
therefore, will affect whether or not the specification is met.

For product not capable of supporting microbial growth, the effect of dose on microorganisms is
cumulative; thus, the interruption of the process in the irradiator does not necessitate action to prevent
growth of microorganisms.

The determination of whether a product will support microbial growth is made by the product

manufac

6.3.6 Transitions between densities

In gamnla and X-ray irradiators, products of different density can be run sequentially provided that
the effedt of doing so has been quantified. The results of transition validation studies can‘be used to
demonstjrate that, for a selected cycle time or conveyor speed, all products will meet their requirdd

dose spe

6.4 Special processing conditions

6.4.1 Off-carrier processing

Off-carri
does not
behind t

irradiati

on which product is placed that rotate automatically atd/fixed speed (for example, on a motorizgd

turntabl
definitio
processi

Irradiati
be meas

maximuin doses. The dosimeter locations' should be documented and could be selected based gn

previous

In the a

process ffor a given product,.it~€an be necessary to interrupt the irradiation at certain intervalls
throughgut the irradiation te‘measure doses. The effect of these interruptions to irradiation of produft
in the min irradiator pathway(s) should be known and the number of irradiation intervals to the off-

carrier

Off-carrier processingin electron beam is generally not applicable.

The caliration of the dosimetry system needs to be valid for its conditions of use, which can be different
between|a conventional irradiator pathway and an off-carrier process.

NOTE

turer.

cifications (see [SO 11137-3).

er processing in gamma or X-ray is a term used to describg the irradiation of products that
use a conventional irradiator pathway, for example, a product that is placed in a static positiqn
e path of irradiation containers and where the product.is rotated manually part way through
bn. It is also common to use fixtures at a position éutside the path of irradiation containers

-

) to uniformly irradiate product. Off-carrier processes can be used, for example, for proce$s
h (see ISO 11137-1:2006, Clause 8) or for augmenting dose to products outside of normgl
hg conditions.

bn containers in off-carrier processing should be dose mapped. Alternatively, dose should
ired in each container using a sufficient number of dosimeters to identify the minimum ard

dose mapping studies including 0Q.

sence of precise knowledge of the expected dose delivery characteristics for an off-carrier

ocess designedyaccordingly.

See ISO 11137-3 and ISO/ASTM 5126113! for further guidance.

6.4.2 Irradiation of product under modified environmental conditions

6.4.2.1

General

Irradiation of product at temperatures below ambient and/or in a modified atmosphere environment
can be used for products that support microbial growth or that are sensitive to ionizing radiation.

22
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6.4.2.2 Dosimetric considerations for validating and processing in a modified environment

Product irradiated under modified environmental conditions presents a challenge to dosimetry.
Dosimetry systems used under these conditions can require a specific calibration because of the effect
of the modified environment on dosimeter response (see ISO/ASTM 51261[3]). If the routine monitoring
dose location, selected for PQ tests, is outside of the insulated container in order to provide an ambient
measurement, it is still possible that the refrigerant internal to the container can affect the temperature
at the routine monitoring position. This temperature should be confirmed to ensure the validity of the
dosimetry system calibration.

I1f order to dose map product processed at low temperatures, for example products that are _packaged
irlside an insulated container with refrigerant materials, it is often possible to perform PQ dosemapping
uhder ambient conditions using an appropriate surrogate material to mimic the radiation shielding
effects of the refrigerants. The bulk density of the simulated material should approximate the density
[ the refrigerant and have similar radiation absorption characteristics. In additiof, the location of the
fmulated refrigerant within the insulated container should be the same as the dctual refrigerant. If
the refrigerant consists of sealed packets of wet ice, the simulated refrigerant will have a bulk density
of approximately 1 g/cm3. In this case, sheets of plastic might provide and appropriate simylation of
the refrigerant. When the refrigerant has a bulk density less than 1 g/cfh3;’such as pellets of {Iry ice, a
lgminate of plastic sheet and corrugate might suffice as the simulated(réfrigerant. Other mateiials such
s plastic pellets, salt pellets, or rice might also provide an appropriate simulation of the refrigerant.

© O

o)

4.2.3 Process considerations when using refrigerants

6

The use of refrigerant provides other unique challenges in‘processing product. The high-density nature
of the refrigerant can affect locations of maximum¢and minimum doses and can cause significant
S

product and radiation source. It is important, therefore, that the refrigerant is confined to a gpecified
Idcation or locations within the irradiation container. Also, the volume or density of the refrigerant
can change between when the product is shipped, when it is loaded into the irradiator, and|over the
cpurse of the irradiation, as dry ice evaporates or wet ice melts. Dose mapping exercises should be
designed to measure any shadowing effect of the refrigerant on the product and to take intd account
anticipated changes in refrigerant.during irradiation. Procedures can be put in place to vgrify the
amount of refrigerant or add refrigerant to an insulated irradiation container before (and if required
dfiring) irradiation.

Iffradiation of product at.low temperatures can require specific monitoring and control tp ensure
the product remains within a temperature range specified for irradiation. This could be|done by
controlling the quantity and condition of refrigerant that is added for irradiation, if applicable, and
the period of time-that the product resides outside of controlled storage conditions. Many products,
ahd commonly biglogics/tissueslZ], that remain in a refrigerated state for irradiation are shipped and
iffradiated in the-same insulated shipping container. The cooling and product box packing requjrements
r transportation could be different from those required for irradiation, therefore separately yalidated

6.4.2.4 Process interruptions when using modified environmental conditions

In the event of interruption of the irradiation process being carried out under modified environmental
conditions it can be necessary to move product to controlled storage conditions until the process can be
resumed, thereby ensuring that product remains within the specified temperature and/or atmosphere.
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6.5 Process output interpretation

6.5.1 General

Measurement of dose at the routine monitoring position(s) is carried out in order to show that the
process is under a state of control and the product is irradiated within its required specifications, i.e.
that dose to product is greater than or equal to Dy, and does not exceed D, ,..- The interpretation of
the dose will depend on how the process was established and rules and actions defined by established
procedures.

. ter y
6.5.2 sing an acceptance range based on D S*rand D, ma%acc

The simplest form of process acceptance involves decisions made on the basis of individual routine
monitoring dosimeter results. For example, for a process with a D . calculated in accaerdance wit

h
targe

guidancq provided in 5.4, any routine dosimeter result between D St*" and D, m¥*3c¢ might he
taken as|indicating a conforming irradiation process. This individual dose measurement provides njo
informatfion about the state of control of the process, only the fact that dose specifications are being mqt.
See Figufe 3 for a graphical representation of an acceptance range based on D, 45%*" and D, ma%acc,

1,6

Dster DmonSter Dmonmax,acc D

1,4 '

1,2

1

0,8

0,6

0,4

0,2

Dtarget
0
23 25 27 29 31 33 35 X
Key
X dose|(kGy)
Figure 3 — Acceptance range based on D 5" and D maxacc

This typle“of acceptance can be used, for example, in a gamma process with multiple products |n
the irradiator, where special cause effects due to transitions have been accounted for in setting up

processing parameters, but there might not be a specific D
with a measured monitoring dose.

target for €ach individual product to compare

Examples of using an acceptance range based on D ,,5*" and D, ,™3%3c can be found in Annex A,
Examples 1 and 2.

6.5.3 Using an acceptance range with alert and action levels

This approach places boundaries on the acceptance of doses outside of defined ranges around a chosen
process target dose. Doses outside of these ranges can lead to further evaluation.
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A set of rules is established which define alert and action levels for doses outside of a predicted range of
monitoring values. Rules can follow known examples, such as Western Electricl4], or Nelson Rules[13],
or can be defined by the user. The alert level can be based on the anticipated variation of the dose
measurement due to observable events, e.g., observed variability from PQ mapping studies or historic
data, or they can be based on the overall 0. Action levels are defined at intervals which are either
outside the expectation of the process or which indicate that dose specifications are not being met. See
Figure 4 for an example of action and alert levels which are well outside the expected variation of the
process.

0,3
T 2 3 7

),25

'12 Dtarget

),15

), 1

),05

)

25 30 35 40 45 50 55 60 65 X
Kpy
X| dose (kGy)
1| lower action
2| lower alert
3| upper alert
4| upper action
Figure4 — Process acceptance ranges with action and alert levels

Ekamples of th€\yuSe of an acceptance range with alert and action levels are given in Annex A,
Ekamples 4 and-5.
6/5.4 _Using an acceptance range based on process monitoring
Foria,process where the monitor dosimeter is used as a measure of process conformance, and njot for an
indirect reasurenTent of TTaximmuTT O TITITTTITUTT product dose; the process targetdosesare Set using

the guidance found in 5.4.2, but the components of 0y,5cess™* and 0p,p5cess™ " are derived from the
measurement uncertainty and variability of the maximum and minimum doses only. The acceptable
range of doses around D, for this method are then based on the variability observed in the
monitoring dosimeter location only. The method supposes that the relative shapes of the probability
distribution functions around each of the maximum, minimum and monitoring dosimeter remain
consistent and that the intrinsic variability of the monitoring dosimeter is sufficiently small to enable
significant changes in the maximum and minimum probability distribution to be detected (see 4.2.1).
For example, the relative shapes of the probability distribution functions do not change as dose is
increased or decreased for a dose mapping exercise.
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Asaresult, the acceptance range is based on the expected variation of the dose at the monitoring location
which indicates minimum and maximum product doses are within the established specifications. The
concept of D, ,,S*" and D, ,,m@%2c¢ are not meaningful for this method.

Figure 5 provides a pictorial representation of a monitoring dose, maximum and minimum doses
and their associated probability distribution functions, as measured during PQ dose mapping for an

example
1

process.

09
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Figure 5 — Expected probability distribution functions for an example process

where Do is set to Dy, 0T

ase processing parameters_have been set for a Dy, ,e €qual to Dy, /W at a confiden

= 2. For this process therg'is an expected distribution of measured Dmon above and belo
t dose, as represented by the Dy, ., probability distribution function shown in Figure 5, ar
jated range of anticipated doses for each of D .xand D_;.. As long as D, stays within t}
1 probability distribution function, the values of D ;, and D, will stay within their predictg
ty functions, alse’shown in Figure 5. Values of D, that are outside the anticipated range
ments indicdatethat the process might not be in a state of control. For more information sq
Example-3\

min

6.5.5 Investigation of a dose measurement outside of expectation

e
W
d
1e
d
bf
e

There w
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wihan au a a o thao
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dose reading could be out of specification, including, but not limited to the following:

a) the process delivered an unexpected outcome;

b) there were influence quantities that affected the dosimeter result that were not accounted for in
determining the target dose ranges, therefore, it is possible that the established target dose range
is not suitable for the process;

c) the monitoring dosimeter was not correctly positioned during the process;

d) improper product loading that affected pre-established dose ratios, which were obligatorily based
on properly loaded product;
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e) the dosimeter reading is faulty;
f) product packaging is not consistent with when PQ was performed.

A review of processing parameters can provide information that can aid in an investigation. This can
involve a review of parameters critical to dose delivery as outlined in 4.3. For electron beam, a review
of monitored machine parameters will provide information as to whether or not the process deviated
from set parameters. For gamma, a review of product in the irradiator, and verification that loading
configurations were followed, and that product placed in irradiation containers was the correct weight
can provide information about whether or not the process followed set parameters. In all cases, actions
sliould be reviewed against set operating procedures.

The ability to collect and analyse data over time can be useful in the investigation of gn out of
Ppecification dose. More information on the collection and analysis of data can be,found in 6.6. An
tample of the use of processing parameter data in investigation of a dose measurement outside of

s
e}
expectation can be found in Annex A, Example 5.

[

fla cause of an out of specification monitoring value cannot be determined;\procedures shofild be in
place for how to evaluate a dosimetric outlier, how to deal with the petential for a non-copforming
process and actions to be taken.

6{6 Collection and analysis of data

6.1 General

6

Processing data can be accumulated, organized, and ‘teviewed to evaluate process stabilify. These
dpta can include, for example, results of dose measurements, processing parameters, identification of
efuipment used in processing or monitoring actiyities and non-conformances. The method off analysis
depends on the data type, the irradiator design;and application.
T

he results of this analysis can be used to identify processing runs that have approached the prjocessing
specification limit and possible process trends, allowing for corrective actions to be taken.

NPTE For irradiation facilities that-process a large number of products, an analysis of a repr¢sentative
subset of product can be acceptable.

There are multiple methodsfavailable to collect and analyse data to demonstrate that a progess is in
a(state of control and to,define evaluation criteria about whether or not product consistently meets
processing specifications based on the outcome of dose measurements.

=)

6.2 Dosimetérdata trending

Aluseful toolinimonitoring process performance is trending dosimeter data over time. Figure ¢ shows a
hlstogram/of'monitored dosimeter values over time for a specific process.
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Figure 6 — Monitoﬁng dosimeter value histogram for an example process

The datalare expected t within a certain window of normal process variation, and in this example,
alert levels determin ased on the expected variation of results around the chosen process target
dose. Action levels have been set based on the minimum and maximum possible target doses f¢r
the procg¢ss. Plot, the data provides a visual confirmation that the process is behaving as expected.|A
histograpn thatis-not symmetric, i.e. with more dose values trending towards either the lower or higher
alert levels a%’indicate that something in the process is not as expected and allow the operator to
investiggte-before an out of specification result is measured.

6.6.3 Parametric data trending

Another useful tool in data trending is the ability of irradiators to store and display monitored
processing parameters as a function of time. Individual machine parameters can be monitored and
controlled through software that will interrupt a process if an out of tolerance condition is detected.
For electron beam and X-ray it can be possible to also track combined dose critical parameters (beam
current, beam width and process speed) to calculate a parametric process variation which is monitored
to ensure the process is in control within a specified tolerance.

Using automatic control of machine parameters, the risk of an undetected nonconformance between
routine dose measurements is mitigated. Similarly, if a dosimeter reading is out of specification, it
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is easy to look at trend data to investigate if there is an obvious cause. See Annex A, Example 5 for
an example of the application of parametric trending in decision rules around an out of specification

dosimeter reading.

Another example of where these data can be particularly useful is if there is an out of specification

measurement with a low frequency of monitoring dosimeters. If the out of specification meas

urement

can be attributable to machine performance isolated over a specific period of time, this could allow a
determination of which products were affected rather than including every product since the previous

monitoring dosimeter that was within specification.

6/6.4 Statistical process control

Statistical process control (SPC) is a specific form of data trending which relies on the)colleqd

performance of a process over time.

that fall within the range of expected results for the monitored location(s) verifies the procesg
state of control and, therefore, verifies that product received doses within its required specifig

=

specifications have been met but can indicate that the processis‘no longer in a state of control
therefore, be used to trigger an alert or action (see 6.5.3). [T SPC, part of the justification for g

fa—)

imits have been set at k = 2, then this can be attributable to the expected 5 % of values tha
itside the limits. Guidance on interpretation of Successive values of a process characterist
qund in ASTM E2587-16[101,

O

PC also allows for ongoing monitoring.abprocess doses in order to identify patterns of resp
btentially predict failures before they.occur. For example, doses can remain within prescribg
it if the doses are consistently trending in one direction, this can trigger an investigation |
1t of specification dose is measured.

o T'T W»n

o

e useful analysis techniquetof SPC is a control chart. Control charts are graphical represent
e output of a process, such as plots of routine monitoring doses. The plots are often made
 measured doses divided by selected target doses. The comparison of actual results versus
¢sults provides an ébjective evaluation of control of the process.

- O

tion and

ahalysis of multiple dose points over a series of similar measurements in order todemonstrate the

The monitoring dose specification for routine irradiation should be based on By, g, and the gxpected
rgnge of dose measurements above and below Dy, 4. Measurement results for a given irradigtion run

was in a
ations.

onitoring doses that fall outside of the range of expected<doses can still indicate that dose

and can,
ccepting

a|dose point that falls outside of expectation is a comparison of this dose measurement with previous
nleasurements. For example, if measurements made overtime display a scatter of values around a mean
wihich is consistent with a gaussian distribution, and a'single dose value goes out of specificatipn where

will fall
c can be

bnse and
bd limits,
efore an

ations of
as ratios
bxpected
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Figure 7 — Process control chart for an'example irradiator, trended over time
Figure 7 is an example of a control chart which represents the parametric process variation (6.6.3) forja
given irrpdiator over more than 500 meaSurements.
SPC is commonly used in processes @ther than radiation processing, and guidance on the application pf
SPC can be found in ISO 11462-2[1Kand in References [10], [13], [14] and [15].
NOTE The control systems of ‘some irradiator designs have the ability to capture and trend irradiatpr
parameteys over time. This infermation can be used in conjunction with and/or as an aid to SPC of measured dosgs.
7 Release of product from the irradiation process
Upon completiensof the irradiation process, the processing history records should be reviewed arld
approvedl.
Processihghisteryrecerds-typically-ineclude-the-folowing:

a) receiving records;

b) product count verification and records of discrepancies and actions taken (if applicable);

c) loading and unloading records;

d) proc

essing records;

e) conveyor operation and/or pathways;

f) fore

30

lectron beam and X-ray facilities, beam characteristics and conveyor speed;
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g) for gamma facilities, cycle time;

h) processing deviations and associated investigations and corrective action;
i) dosimetry data records;

j) certification of process conformance.

At a minimum, the processing history records should consist of those identified in ISO 11137-1 and the
quality management system of the facility.

8 Maintaining process effectiveness

8l1 General

Maintaining process effectiveness provides input to the “review” step in establishing procefs target
dpses as illustrated in Figure 1.

8{2 Assessment of changes made to the product

Aphy changes to the product, the product packaging or the manner in'which the product is presented to
the source of radiation should be assessed, regardless of the radidtion modality. A change to the primary
ppckaging can have negligible impact in a gamma or X-ray faeility, but can affect dose distribution in an
e]ectron beam facility. A change in product orientation within the box can have an impact in gamma,
ectron beam and X-ray facilities and needs to be assessed.

Changes to the product are often made with the@ntention of not changing the conclusions of PQ.
Eyaluation criteria are usually based on the effectthe change has on dose magnitude and disffribution,
and this evaluation might or might not need:Specific experiments. Depending on the assegsment, a
r¢peat of PQ dose mapping might be needed:

NPTE Mathematical models can be usedto assess the potential effect of changes to process or pfoduct on
de¢se distribution.

8{3 Assessment of changes made to the equipment

Ap part of the change control process, the established process control inputs and targets should be
eyaluated and any adjustments to the process targets or monitoring values documented. Changes to
irfdividual components-of the irradiator or calibrated dosimetry system should also be assessgd for the
effect on the qualified state of the sterilization process.

Changes to the-irradiator are often made with the intention of not changing the OQ statyis of the
ifradiator,Fhe evaluation criteria are the same, regardless of the intent of the change to the irfadiator.

Eyaluation and acceptance criteria need to be developed and applied to the comparison of|0Q data
befere.and after a change is made in order to determine whether or not the OQ status of the irradiator
haschanged, i e the dose distribution after the change can bhe classified as heing “equivalenit” or has
not significantly changed relative to the dose distribution before the change. To avoid small changes
accumulating and not being detected, the comparison of dose mapping data after a change should be
made against data obtained when the process was established.

NOTE ISO 11137-1:2006, Tables A.1, A.2 and A.3 provide guidance on requalification activities associated
with changes to gamma, electron beam and X-ray irradiators.

Further, ISO 11137-1:2006, A.12.4 states that if requalification measurements show that the I1Q and/or
0Q status of the irradiator has changed, then PQ might have to be repeated.
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Annex A

(informative)

Examples of setting process target dose ranges and interpretation
of process output

A.1 General

The examples for this Annex have been selected to illustrate the different methodologiesprésented
this docyment. The calculation template is consistent throughout the Annex, but different componen

of uncerfainty and variability are included or excluded depending on the specificsrof each example.

Table A.1 provides a reference to what methods and considerations are included in each example.

Table A.1 — Example matrix

n
[S

Exampfle Modality |UseofD . | Additionalinputs Acceptance and | Other consideration$
analysis
#1 Gamma Measure |Transitions (6.3.6) SimpleDy,, st and |Looks at process set-
(4.2.2) D oamaxace (6,5.2)  |ting for two conditiong:
quiet and transition.
#2 Gamma Monitor/ |Transitions (6.3.6) Simple D ,S*"and |Inclusion in a process-
measure |and Process interrup="1D,,m3%ac (6.5.2) |ing category, use ofa
(4.2.4) |tions (6.3.5) targeting buffer in prot
cess factor calculations.
#3 Electron Monitor |Process intefruptions |Process monitoring |Process has challenginjg
beam (4.2.3) (6.3.5) (6.5.4) dose specifications
#4 Electron Monitor |Processinterruptions |Process monitoring |Different dosimetry
beam (4.2.3) (643.5) (6.5.4) and Alert and |system is used for
Machine variability action (6.5.3) gloos:ig?ipnpmg and
using limits of critical |SPC (6.6.4) Western g
process parameters  |Electric Rules[14]
(5.3.3)
#5 Electron Mgeasure |Machine variability Alert and action Decision rules based
Beam (4.2.2) using historic meas- |(6.5.3) also on parametric datp
urements (5.4.3) Parametric (6.6.3) trending

The exarpples inthis Annex have been provided by several irradiator operators using actual data sef]

The leve
quality

of uncertainty generated by the different methods should not be used as an indication of t}
the limitation of the method, nor should it be inferred that one method is superior to anoths

S.
S
r

The appliication of different approaches will depend on the unique circumstances around each produ

Ct

and/or facility and the assumed risks associated with running a particular process.

All examples include graphical representations of minimum, maximum and/or monitoring doses in
order to illustrate the anticipated range of values that may be expected for a given process.

The examples provide calculations of multiple factors used in setting up a process. In all cases numbers
are shown as rounded, but non-rounded numbers are used up to the final calculation.

The examples include components of uncertainty derived from replicate information, but the
calculations for how this is done are not explicitly shown. The spread of dose ratios around a sample
mean can be assessed two different ways: by the standard deviation of the values in the sample or the
standard deviation of the mean, which takes into account the number of values in the sample. As the
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mean of measured dose ratios is used in subsequent calculations, the standard deviation of the mean is

applied when assessing o...,:, in the examples in the Annex.

ratio

Standard Deviation of the mean = a/\/n, with n the number of values in the sample and o the
deviation of the values in the sample

standard

The estimate of the standard deviation of the mean might be improved by pooling data from several

dose mapping runs.

LTI

1
T

ko ] n a1
n et hAalllP C 4L

Al2.1 Example description
This example represents products sterilized in a gamma irradiator located at 4 medical device
mfanufacturer. In this example, there are a limited number of products so the, dbility to sch¢dule the
iffradiator can be straightforward.

In} this example, we look at two cases that could be encountered: 1) tfamsitioning product into an
ifradiator with lower density product present, and 2) setting up the progess to efficiently process when
there is only one product present after the transition is complete.

I a gamma irradiator where there are transitions between products, it might not be practjicable to
cqlculate an expected process target dose for each irradiation container within the irradiator, apart
flom the knowledge that it will be within a calculated range/In this case, the monitoring dosimeter is
uped to make an indirect measurement of maximum anduminimum dose to the product, rather than as a
process monitoring tool. Similarly, the acceptance rangeis based on D, 5t and D, ™ax-acc,
Al2.2 Process specification

Ierilization dose, D, 25 | kGy

aximum acceptable dose, D, ... 34 | kGy

Al2.3 PQ dose measurements

Mapping dosimetry systeni Alanine

Routine dosimetry system Same as mapping, D, location on outside of container

Cycle time for dosemap, CTp semap 133 |s

Table A.2 — Example 1 dose mapping data
Container 1 | Container 2 | Container 3 | Container 4 | Container 5 | Container 6

i I 26,7 26,7 26,4 26,8 26,9 06,2

D 5 kGy 31,0 32,1 32,2 32,1 32,3 32,2

o KGy 26,9 27,2 26,7 27,0 27,5 27,1
Table A.3 — Example 1 dose mapping ratios
Ratios Container 1 | Container 2 | Container 3 | Container 4 | Container 5 | Container 6

Rinasx/min = Pmasx/Pin 1,16 1,20 1,22 1,20 1,20 1,23
Rinax/mon = Pmax/DPimon 1,15 1,18 1,21 1,19 1,17 1,19

Ruin/mon = Dimin/Pimon 0,99 0,98 0,99 0,99 0,98 0,97
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Table A.4 — Example 1 dose and ratio averages

PQ doses Average Omap (%) Ratios Average O atio (%0)
Dmin kGy 26,6 0,99 (omin) Rmax/min = Dmax/Dmin 1,20 0,80 (Gmax/min)
Dmax kGy 32'0 1'52 (Gmax) Rmax/mon = DmaX/Dmon 1'18 0'62 (Omax/mon)
Dmon kGy 27'1 1'01 (Gmon) Rmin/mon = Dmin/Dmon 0'98 0'42 (omin/mon)
A.2.4 Components of 0, cqs
Compon¢nts related to dosimetry system calibration and reproducibility
Calibration uncertainty, o 1,2 | % includes laboratory, curve fit and
influence quantities
Orep = Onhon = Standard deviation of D, % measured variability of monitoring
dosimeter
Compongnts related to process variability not measured in PQ
Procesg interruption, o;,.--yption % Measurer{)ents in 0Q desiionstrate single proces:
interruptions are tdo small to measure, facility
rules determinenumber of interruptions alloweg
Transitjons, 0., sition™* 2,5 | % For planned transitions from lower densities,
studies demonstrate overall maximum dose
within an‘irradiation container increases while
other doses remain in specification
Maching variability, o, ., %  Op.enis captured in PQ study as determined by 4
comparison with data from OQ. Regular correc-
tions to cycle time are made to compensate for
change in source activity.
Compongnts related to the indirect measurement of the minimum and maximum dose in routine
operation
Omin/mor| = Standard deviation of-the mean of R ;. /o, 042 | %
Omax/mof = Standard deviation(of the mean of R .., /.o, | 0,62 | %
Omach,corthb = \/(O-repz + O-machz) 1,01 | %
Because [the transition isfrom a lower density product, D.[argetlower and the associated cycle time on|y
has to bg calculated for'the steady state. D, is increased during transition as compared to the steady
state and the aim of'the process qualification is to obtain a minimum cycle time which allows to meet the
minimurh dose specification during both stages of the irradiation process i.e. transition and steady state.
Calculatilon Of 0 ocess ™2 When considering a transition from a lower density

oprocessmelX = \/[O-calz + (O-max/mon)2 + (amach,comb)2 + (Opransition ™% | 3,01 | %

After transitioning in, for steady state, o,,.ocess

UProcessmin = \/[o-calz + (O-min/mon)2 + (Gmach,comb)z]

Oprocessmax = \/[Gcalz + (O-max/mon)2 + (Umach,comb)z]

A.2.5 Process factors

Selected k (max) 2
Selected k (min) 2
34

max js recalculated as follows:

1,62
1,69

%
%
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Process factor calculations

Transitioning from lower density Steady state
UFjgwer=1/(1 =k * apmcessmin/loo) 1,03

UFpper = 1/(1 + K* 0, p0cess™@/100) UF ypper = 1/(1 + K* 01 0ce55™2%/100) 0,97
A.2.6 Process target dose range calculation
Transitioning from lower density Steady State

Dminlimit = Dster * UFlower 25'8 kGy
Dr!'laXlirnit = Dmax,acc * UFupper 32’1 kGy DI‘IlaXlirnit = Dmax,acc * UFupper 32’9 kGy

Dtargetlower = Dmin“mit / Rmin/mon 26,3 kGy
Dtargetu]oper = Dmaxlimit / Rmax/mon kGy Dtargetupper = Dmaxlimit / Rmax/mon 27,8 kGy
Flgure A.1 is a graphical representation of the probability distfibution functions associated [with the
fqllowing parameters when transitions are taken into account!
a]l Dpyin!™Mtassociated with Dy, geOWer
b] Dy, Mitassociated with Dy,pqe "PPeT, including transitions
] Dpmax™Mitassociated with Dy, PP, steady state
Cycle time calculation (adjustment will be required to account for Cobalt-60 decay in future calculations)
Transitioning from lower density Steady State

CTminimum = (CT/Dmon)DoseMap ¥ 129 s
Dtargetlower

Crmaximum = (CT/Dmon)DoseMap * 133 |s CTmaximum = (CT/Dmon)DoseMap ¥ 13f |s
Dtargetupper Dtargetupper
For transitioring product into the irradiator from lower density product, any cycle time wjithin the
calculatedrange of 129 s to 133 s can be chosen, provided it is also appropriate for the product already
irf] the irradiator. The allowable maximum cycle time is less when transitioning from a lowel density
than it\is-during steady state operation. Once the transition is complete, the cycle time can bejadjusted
tq anyvalue within the calculated range of steady state cycle times.
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Figure A.1 — Variation of minimum and maximum dose to product during operation

target PP" (dashed line) for both steady state
and with transitions-taken into consideration

at D, D

rget =

targer ®V" (solid line) and D

D

target =

A.2.7 KExample of application of an‘acceptance range

The dosgs at the monitoring location “which correspond to the sterilization and maximum acceptable

doses ar¢ calculated as follows:
DmonSter = Dster/Rmin/mon 254 kGy
Dmonmax"acc = Dmax,acc/Rmax/mon 28’8 kGy
Product |is conformiing as long as D ., measured in routine operation is between D St and
D max,pcc
mon '
Cycle time chosen, CT(}  sen 133 |s
oprocessmon = (omach,comb) %

Figure A.2 shows the probability distribution function during the steady state, based on o

the monitoring dose for the cycle time chosen and the associated limits associated with D, St*" and
max,acc,

D

mon

36

mon
process for
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D ster D max,acc

ster mon mon max,acc

target
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Kpy
X| dose (kGy)
Y| relative distribution

Figure A.2 — Variation of dose to the monitoring position during steady state operation
at the chosen process target.dose for an acceptance range
between D55t and D max.acc

Al2.8 Additional considerations

The calculations pertain to two sceharios: product transitioning into an irradiator with other product
at a lower density; and quiet system conditions for that product. The same calculation should be
performed for the product when it transitions out, followed by another product whose density has not
yet been defined. These types of calculations are possible when there is a limited number of products
gpalified in an irradiator;-but a more practical solution could be the use of processing categories as
specified in 5.2.3 and-illustrated in A.2 Example 2.

.3 Example2

AL3.1 Example description

This  example represents products sterilized in a gamma irradiator located at a contract facjlity that

i acla Nan (] eren alale AL 0 aln pe mixedln ne adlaro a ne ame e

In this example, the acceptable range of processing parameters for a given product is determined to see
if it can be included in one or more existing processing categories. The calculation of Process Factors is
done as a check against targeting buffers that are based on historical data.

In a gamma irradiator where there are transitions between products, it might not be practicable to
calculate a process target dose for each irradiation container within the irradiator, apart from the
knowledge that it will be within a calculated range. In this irradiator design, the D, position is at
the minimum dose location. The operator is able to use the monitoring dosimeter to make a direct
measurement of minimum dose and an indirect measurement of maximum dose to the product.
Similarly, the acceptance range is based on D S*" and D, ma%acc,
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A.3.2 Process specification

Sterilization dose, D,

Maximum acceptable dose, D

A.3.3 PQ dose measurements

Mapping dosimetry system

13,1 | kGy
max,acc 30,0 kGy
PMMA

Routine|dosimetry system Same as mapping, D, ., location inside irradiation containef
Cycle tirpe for dose map, CTp,semap S
Table A.5 — Example 2 dose mapping data
Container 1 Container 2 Container 3
D, ;. kGy] 15,8 15,4 16,0
D,y KGY] 18,4 179 18,3
Table A.6 — Example 2 dose mapping ratios
Ratios Container 1 Container 2 Container 3
Rmax/min — Dmax/Dmin 1,16 1,16 1,14
Table A.7 — Example 2 dose and ratio averages
PQ doges Average Omap (%0) Ratios Average O atio (%0)

Dmin kGy 15'7 1'94‘ (Gmin) Rmax/min = Dmax/Dmin 1'16 0'57 (Umax/min)

D,y KGY 18,2 1,45 (015)

A.3.4 (omponents of o, .

Compongnts related to dosimetry system calibration and reproducibility

Calibration uncertainty, o 2,1 | % includes laboratory, curve fit and influence
quantities

Orep = Onhin = Standard deviation of D,;, %  measured variability of monitoring
dosimeter

Compongnts relatedto process variability not measured in PQ

Procesg interruption, o, e ryption %  Measurements in OQ demonstrate a meas-
urable change in maximum dose to location$

Transitions, 0,.,,sition

Machine variability, o, ,

38

2,0 | %

%

CIOSESTTo the source rack during an inter-
ruption of a fixed magnitude of

Dinterrupt =1 kGy

Historic information shows that for similar
density products in surrounding containers,
overall maximum and minimum doses can

be affected differently by transitions

Opmach 1S captured in PQ study as determined
by a comparison with data from 0Q. Regular
corrections to cycle time are made to com-
pensate for change in source activity.
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Components related to the measurement of the process in routine operation

Omax/min = Standard deviation of the mean of R,y /min 0,57 | %
= 2 2 0
Omach,comb = \/(orep * Omach ) 1,94 %o
Calculation of Oprocess
in — 2 2 2 1)
Oprocessmln - \/[O-cal + (Gmach,comb) + (atransition) ] 3'4'9 Yo
- 2 2 2 2 0
O-processmax - \/[Ucal + (Gmax/mon) + (Omach,comb) + (Otransition) ] 3'54 Yo

AlL3.5 Process factors

wn

elected k (max) 2
elected k (min) 2

wn

Process factor calculations, comparison with standard buffers used at the fa¢ility

Chlculation using k * o Calculation using,10 % upper and lower bpffers

process
UFiower = 1/(1 = kK * 00cess™"/100) 1,08 UFgwer = 1 + {lower buffer) 1,10
UFupper = 1/(1 + k™ 0process™?*/100) 0,93 UFpper = — (upper buffer) 0,90

The standard buffer provides a more conservative calculation of process factors, the buffers|can thus
bg applied for subsequent calculations.

AL3.6 Process target dose range calculation

[ minlimit = Dster * UFlower 14,4 kGy
[ maxllmlt = Dmax,acc * UFupper - Dinterrupt 26,0 kGy
)i targetlower - Dminlimit 14_’4 kGy
)i targetupper = Dmaxllmlt / Rmax/min 22,5 | kGy

Flgure A.3 is a graphicalrepresentation of the probability distribution functions associated |with the
fdllowing parameters:
a] D,

limit = lewer
min - Dtar

get

] limit : :
b) Dy, '™ dssociated with Dy, qq 'PPE"

Cycle timé'calculation (adjustment will be required to account for Cobalt-60 decay in future calculations)

— * lower
( Tminimum - (CT/Dmon)DoseMap Dtarget 165 S
C’T‘ (er/n 0 EINAY lpner 2900
Tmaximum — 1/ mon/DoseMap “target " ves >

There are two existing processing categories with an acceptable density range which have chosen cycle
times of 200 s and 250 s. This product can be part of either of these processing categories.
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Figure A.3 — Variation of minimum and maximum,dose to product during operation
at Diyrget = Diarger®e" (solid line) and Dy = Dyyyger PPT (dashed line)
A.3.7 Example of application of an acceptarnce range
The dosg¢s at the monitoring (minimum .dese) location which correspond to the sterilization ar
maximuin acceptable doses are calculated as follows:
Dpon®*"1= Dgter 131 | kGy
DmonmaX acc= Dmax,acc/Rmax/min 25,9 kGy
Product s conforming as longas D,;, measured in routine operation isbetween D, St*and D, ma%2
Cycle time chosen, CF}) ccn 200 |s
oprocessn on = \/[(O-mach,comb)z + (Otransition)z] %
Figure Al4 shows the probability distribution function when the product is included into the defing
processipgicategory that has a chosen cycle time of 200 s, based on g, ....™°" for the monitoring do{

for the cycle time chosen and the associated limits associated with D, St and D, ,,max.acc,

40

d

[g]

d
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ster target mon max,acc
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Kpy
X| dose (kGy)
Y| relative distribution

Figure A.4 — Variation of dose to the monitoring position during operation at th
chosen parameters for an acceptance range between D st and D max.acc

A\

AL3.8 Additional considerations

This example used a targeting buffer@spart of the calculation, but the validity of the buffer chpsen was
verified. In the case where the calculated process factors provide a more conservative value|than the
tjaditional targeting buffers, the calculated values should be used. If it is found that the procegs factors
consistently calculate as more conservative than the buffers then these default values shoulld be re-
eyaluated.

Cpnversely, if the conservative nature of the targeting buffers mean that a process might hot meet
specifications but the-tise of the calculated process factors provides an acceptable result, the fargeting
bliffer need notbe-ised. Also, if the effect of the transitions considered in the example mean that the
process might’hot meet specification, the transitions can be reduced or eliminated by creatipg a new
processing.catégory for this product and specific products which have minimal transition effefts.

A|.4 Example 3

A.4.1 Example description

This example represents products sterilized in an electron beam irradiator for an in-house process. For
anirradiator where there is only one product irradiated at a time under the same processing conditions,
process monitoring can be appropriate to demonstrate that the process is in a state of control.

In this example, process interruptions have been characterized and demonstrated to have a different
effect on maximum and minimum dose.

The acceptance is based on process monitoring in order to determine if the process is in a state of
control.
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A.4.2 Process specification

Sterilization dose, D
Maximum acceptable dose, D

ster

max,acc

25
45

kGy
kGy

A.4.3 PQ dose measurements

Mapping dosimetry system

Alanine Film

Routine|dosimetry system Same as mapping, routine dosimetry off-product
Conveyqr speed for dose map, CSpsemap m/min
Table A.8 — Example 3 dose mapping data
Container 1 Container 2 Container 3 | Container 4 | Container’5. | Container 6|

D,.i, KGy] 20,1 21,1 20,9 21,0 206 20,3

D .5 KGY 31,8 32,1 311 32,0 31,3 31,6
D, on kKGY 24,1 24,3 25,0 24,2 24,8 24,3

Table A.9 — Example 3 dose mapping ratios
PQ doses Average Opnap (%0)

D_in KGyl 20,7 1,95 (04in)

D, KGY] 31,7 1,24 (0,4,

D00 KG3 24,5 1,48 (0,0,)

Table A.10 — Example 3‘dose and ratio averages
Ratios Average

Rmax/min — Dmax/Dmin 1'53

Rmax/mon = Dmax/Dmon 1,29

Rmin/mon = Dmin/Dmon 0'85
A4.4 (omponents of o, (-

Compongnts related to désimetry system calibration and reproducibility

Calibration uncertainty, o % includes laboratory, curve fit and

influence quantities

0.4 in this ekxample is not included in the calculations of 0, .. as the user assumes the risk associatg¢d
with a change in dosimetry system calibration, for examplpe, that if there is a shift in dose measurements

as a result of a new calibration, the process and/or target doses might need to be re-established.

o o

rep

42

mon = Standard deviation of D,

%  measured variability of monitoring

dosimeter
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Components related to process variability not measured in PQ

; ; min
Process interruption, Ointerruption
max

Process interruption, oy, yption

Transitions, 0, ., ition

2,0
4,0

%
%

Min dose effect
Max dose effect

Transitions are mitigated with gaps
between irradiation containers

l\l’lachine variability, o .,

(@)

mach,comb = \/(O-repz + Omachz)

ilculation of 0y, ceqs

bmponents related to the measurement of the process in routine operation

when considering process interruptions

Omach IS fully captured in PQ study as ver-
ified by comparison with datafrom 0Q

Oprocessmin = \/[O-minz + Omachz + (Ointerruptionmin)z] 2,79 Yo
Oprocessmax = \/[o-maxz + Gmachz + (Ointerruptionmax)z] 4,19 %
Opl‘ocessmon = (Omach,comb) L48 | %
Al4.5 Process factors

Yelected k (max) 2

Yelected k (min) 2

Process factor calculations

UFlower = 1/(1 -k* Uprocessmin/loo) 1,06

UF pper = 1/(1 + k* 0 cess™?*/100) 0,92

Al4.6 Process target doserange calculation

with the

[ min1imit = Dster * UFlower 26,5 | kGy

[ mathlt = Dmax,acc X UFupper 41,5 kGy

i targetlower -~ Dminlimit / Rmin/mon 31,3 kGy

I targetuploer )2 Dmaxlimit / Riax /mon 32,1 | kGy

Flgute A.5 is a graphical representation of the probability distribution functions associated
fdllewing parameters:

a) Dtargetlower

b) D, limit

lower

€) Dy associated with Dy, o

Calculated range of processing parameters

- *

CSminimum - [CS Dmon)DoseMap / Dtargetupper
- * 1

CSmaXimum - (CS Dmon)DoseMap / Dtarget ower

3,05

m/min

3,12

m/min

The range of conveyor speeds is very narrow, but the process is deemed to be capable.
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