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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EVALUATION AND ROUTINE TESTING IN
MEDICAL IMAGING DEPARTMENTS -

Part 3-5: Acceptance and constancy tests — Imaging
performance of computed tomography X-ray equipment

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61223-3-5 has been prepared by subcommittee 62B: Diagnostic
imaging equipment, of IEC technical committee 62: Electrical equipment in medical practice.

This second edition cancels and replaces the first edition published in 2004, and the second
edition of IEC 61223-2-6 published in 2006. This edition constitutes a technical revision.

This edition includes the following significant technical change with respect to the previous
edition and to IEC 61223-2-6:
a) modification of the RADIATION protection and control;
b) modification of the acceptance testing;
c) introduction of constancy testing.
Documents

Document Sharing Hub

Full document details: IEC 61223-3-5-2019


http://avadocuments2026.com/doc/iec-61223-3-5-2019
http://avadocuments2026.com/doc/iec-61223-3-5-2019

-6 - IEC 61223-3-5:2019 © |IEC 2019

The text of this International Standard is based on the following documents:

FDIS Report on voting
62B/1134/FDIS 62B/1145/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

In this document, the following print types are used:

e requirements, compliance with which can be tested, and definitions: in roman type;
e explanations, advice, notes, general statements, exceptions and references: in smaller type;
e test specifications: in italic type;

e TERMS USED THROUGHOUT THIS DOCUMENT THAT HAVE BEEN LISTED IN THE INDEX OF DEFINED
TERMS AND DEFINED IN CLAUSE 3, OR IN OTHER STANDARDS: SMALL CAPITALS.

A list of all parts in the IEC 61223 series, published under the general title Evaluation and
routine testing in medical imaging departments, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

NOTE The attention of the users of this document is drawn to the fact that equipment MANUFACTURERS and testing
organizations may need a transitional period following publication of a new, amended or revised IEC publication in
which to make products in accordance with the new requirements and to equip themselves for conducting new or
revised tests. It is the recommendation of the committee that the content of this publication be adopted for
implementation nationally not earlier than 3 years from the date of publication.
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INTRODUCTION

This part of IEC 61223 gives methods for acceptance testing and constancy testing for
medical diagnostic CT equipment.

The complete set of ACCEPTANCE TESTS is to be carried out after new equipment has been
installed, or a subset of the tests is to be carried out after each MAJOR SERVICE ACTION that is
made to existing equipment. This is done in order to facilitate verification of applicable safety
and performance standards, regulations, and published and/or contractual specifications that
influence the image quality, RADIATION OUTPUT and PATIENT positioning.

To maintain the homogeneity of this document with the other IEC standards addressing
CT SCANNERS, the measuring methods and the terminology are taken as applicable from the
CT safety standard IEC 60601-2-44:2009, |IEC 60601-2-44:2009/AMD1:2012 and IEC 60601-
2-44:2009/AMD2:2016.

Some provisions or statements in this document require additional information, which is
presented in the annexes.

IEC 61223-3-5 is referenced by IEC 60601-2-44:2009 and IEC 60601-2-44:2009/AMD1:2012
using an undated reference. This can suggest the reference to change from
IEC 61223-3-5:2004 to IEC 61223-3-5:2019 with the date of its publication. However, the IEC
technical subcommittee 62B who prepared both standards does not intend this immediate
change of reference. The IEC technical subcommittee 62B clearly recommends in the
foreword of both standards the necessity for MANUFACTURERS and testing organizations for a
transitional period to make products in accordance with the new requirements and to equip
themselves for conducting new or revised tests. Therefore, the reference in IEC 60601-2-44
has to be seen as a dated reference towards IEC 61223-3-5:2004, for a transitional period of
not less than 3 years from the date of publication of this document. The IEC technical
subcommittee 62B intends to clarify this undated reference with the preparation of a new
version 4 of IEC 60601-2-44.
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EVALUATION AND ROUTINE TESTING IN
MEDICAL IMAGING DEPARTMENTS -

Part 3-5: Acceptance and Constancy tests — Imaging
performance of computed tomography X-ray equipment

1 Scope and object

This part of |IEC 61223 applies to CT SCANNERS that conform to IEC 60601-2-44:2009,
IEC 60601-2-44:2009/AMD1:2012 and IEC 60601-2-44:2009/AMD2:2016.

IEC 60601-2-44 and this document

o defines the essential parameters which describe the performance of CT SCANNERS with
regard to image quality, RADIATION OUTPUT and PATIENT positioning; the list of parameters
to be tested can be found in 4.3,

o defines the methods of testing the essential parameters, and

e evaluates compliance with the tolerances of the parameters SPECIFIED by the
ACCOMPANYING DOCUMENTS.

The methods defined in I|IEC 60601-2-44 and this document rely on non-invasive
measurements, using appropriate test equipment, performed during or after installation.
Signed statements covering steps in the installation procedure can be used as part of the
ACCEPTANCE TEST report.

This document applies to ACCEPTANCE TESTS and CONSTANCY TESTS on a CT SCANNER. The aim
of the ACCEPTANCE TESTS is to verify compliance of the installation or MAJOR SERVICE ACTION
with specifications affecting the image quality, RADIATION OUTPUT and PATIENT positioning. The
CONSTANCY TESTS are performed to ensure that the functional performance of EQUIPMENT
meets ESTABLISHED CRITERIA and to enable the early recognition of changes in the properties
of components of the EQUIPMENT, and to verify compliance with specifications affecting the
image quality, RADIATION OUTPUT and PATIENT positioning.

This document also contains requirements associated with ACCEPTANCE TEST and CONSTANCY
TEST for the ACCOMPANYING DOCUMENTS of the CT SCANNER.

This document does not apply to

e aspects of mechanical and electrical safety, and

e aspects of mechanical, electrical and software performance, unless they are essential for
performing the ACCEPTANCE TESTS and CONSTANCY TESTS, and are directly affecting image
quality, RADIATION OUTPUT and PATIENT positioning.

NOTE 1 If a user of this document wishes to apply this document to CT SCANNERS that were designed to comply
with editions of IEC 60601-2-44:2009 and earlier, understanding and adjustment for the different definitions that
have been used for CTDIVO| is critical. Additionally, the ACCOMPANYING DOCUMENTS for CT scanners that were
designed and manufactured to these older editions can be referenced to obtain applicable specifications.

NOTE 2 It is possible the accompanying documents that were compiled in accordance with I[EC 60601-2-44:2009
and IEC 60601-2-44:2009/AMD1:2012 or IEC 60601-2-44:2009, IEC 60601-2-44:2009/AMD1:2012 and IEC 60601-

2-44:2009/AMD2:2016 do not include all the needed content and specifications identified in this document prior to
the completion of the transition period to this document.
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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 undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60601-1:2005, Medical electrical equipment — Part 1: General requirements for basic
safety and essential performance
IEC 60601-1:2005/AMD1:2012

IEC 60601-2-44:2009, Medical electrical equipment — Part 2-44: Particular requirements for
the basic safety and essential performance of X-ray equipment for computed tomography
IEC 60601-2-44:2009/AMD1:2012
IEC 60601-2-44:2009/AMD2:2016

IEC TR 60788:2004, Medical electrical equipment — Glossary of defined terms

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TR 60788,
IEC 60601-2-44:2009, IEC 60601-2-44:2009/AMD1:2012 and IEC 60601-2-44:2009/
AMD2:2016 and the following apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

NOTE 1 Terms printed in SMALL CAPITALS are used in accordance with their definitions in the documents referred
to in the Index of defined terms at the end of this document.

NOTE 2 Attention is drawn to the fact that in cases where the concept addressed is not strongly confined to the
definition given in one of the publications listed above, a corresponding term is printed in lower case letters.

NOTE 3 Associated conditions qualifying the usage of certain terms are given below.

3.1

ACCEPTANCE TEST

test performed after new equipment has been installed, or MAJOR SERVICE ACTIONS have been
made to existing equipment, in order to verify that the functional performance of equipment
meets ESTABLISHED CRITERIA from the MANUFACTURER, contractual specifications, and/or
requirements of this document

Note 1 to entry: The ESTABLISHED CRITERIA verified are specifications affecting the image quality, RADIATION
OUTPUT and PATIENT positioning. Additionally, during or immediately after the ACCEPTANCE TEST, the BASELINE
VALUES for CONSTANCY TEST are established.

3.2
CONSTANCY TEST
test performed to verify that the functional performance of EQUIPMENT meets ESTABLISHED

CRITERIA and to enable the early recognition of changes in the properties of components of the
EQUIPMENT

Note 1 to entry: The test verifies conformance with specifications affecting the image quality, radiation output and
PATIENT positioning.

3.3
CT CONDITIONS OF OPERATION D
selectable parameters governing the operation of a CT SCANNER ocuments
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Note 1 to entry: Examples of such conditions include NOMINAL TOMOGRAPHIC SECTION THICKNESS, CT PITCH
FACTOR, FILTRATION, peak X-RAY TUBE VOLTAGE and either X-RAY TUBE CURRENT and LOADING TIME or CURRENT TIME
PRODUCT.

Note 2 to entry: Some CT CONDITIONS OF OPERATION may vary during the exposure.

Note 3 to entry: CT CONDITIONS OF OPERATION include parameters that are derived by the system from the user-
selectable parameters.

[SOURCE: IEC 60601-2-44:2009 and IEC 60601-2-44:2009/AMD1:2012, 201.3.202]

3.4

CT DOSE INDEX 100

integral of the DOSE PROFILE representative of a single axial scan along a line perpendicular to
the TOMOGRAPHIC PLANE divided by N x T according to the following:

for N x T less than or equal to 40 mm

+50 mm

CTDhoo =

-50 mm

b@ ,,
NxT

for N x T greater than 40 mm (all CT CONDITIONS OF OPERATION except collimation are kept the
same for these measurements)

+50 mm

- DRef(Z) CTDIfree air, NxT
CTDloo = az x -
100 —SOJmm (N X T)Ref CTDIfree air, Ref

where

D(z) is the DOSE PROFILE representative of a single axial scan along a line z
perpendicular to the TOMOGRAPHIC PLANE, where dose is reported as
ABSORBED DOSE in air and is evaluated within a polymethylmethacrylate
(PMMA) dosimetry PHANTOM (see IEC 60601-2-44:2009 and IEC 60601-2-
44:2009/AMD1:2012, 203.108);

(N x T)Rret is a SPECIFIC N x T of 20 mm or the largest N x T available not greater
than 20 mm;

DRret(2) is the DOSE PROFILE representative of a single axial scan along a line z
perpendicular to the TOMOGRAPHIC PLANE, where dose is reported as
ABSORBED DOSE in air and is evaluated within a polymethylmethacrylate
(PMMA) dosimetry PHANTOM (see |IEC 60601-2-44:2009 and
IEC 60601-2-44:2009/AMD1:2012, 203.108) for (N x T)gres;

CTDltree air, Nx T is the CTDlt e air (IEC 60601-2-44:2009 and
IEC 60601-2-44:2009/AMD1:2012, 201.3.215) for a SPECIFIC value of
Nx T;

CTDltee air, Ref is the CTDlee air (IEC 60601-2-44:2009 and
IEC 60601-2-44:2009/AMD1:2012, 201.3.215) for (N x T)ref;

N is the number of TOMOGRAPHIC SECTIONS produced in a single axial scan
of the X-ray source;

T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS

Note 1 to entry: The dose is reported as ABSORBED DOSE to air, but for practical purposes the evaluation of
ABSORBED DOSE to air within a PMMA dosimetry PHANTOM is well approximated by measurement of the AIR KERMA.

Note 2 to entry: This definition assumes that the DOSE PROFILE is centred on z = 0.
Note 3 to entry: A single axial scan is typically a 360° rotation of the X-ray source.
Note 4 to entry: When the TOMOGRAPHIC SECTIONS overlap, for example in CT SCANNERS with a "jjmments

SPOT", the denominator of the integral needs to be replaced by the total nominal width ¢lorg z
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TOMOGRAPHIC SECTIONS. For example, if the percentage of overlap is 50 %, then the denominator would be
replaced by 0,5 x N x T.

Note 5 to entry: Typically the z-axis is the axis of rotation.

Note 6 to entry: See Annex CC of IEC 60601-2-44:2009 and IEC 60601-2-44:2009/AMD1:2012 for explanation.

[SOURCE: IEC 60601-2-44:2009 and IEC 60601-2-44:2009/AMD1:2012, 201.3.203, modified
— In the term, "computed tomography" has been replaced by "CT". Note 6 has been deleted,
and Note 7 renumbered Note 6.]

3.5

CT DOSE INDEX MEASURED FREE-IN-AIR

.CTDIfree air . . . .

integral of the DOSE PROFILE representative of a single axial scan along a line through the
ISOCENTRE and perpendicular to the TOMOGRAPHIC PLANE divided by N x T according to the

following
+L/2
D(z
CTDlfree air = J @) az
7L/2N><T
where
D(z) is the DOSE PROFILE representative of a single axial scan along a line z through

ISOCENTRE and perpendicular to the TOMOGRAPHIC PLANE, where dose is reported as
ABSORBED DOSE in air and is evaluated free-in-air in the absence of a PHANTOM and
the PATIENT SUPPORT;

N is the number of TOMOGRAPHIC SECTIONS produced in a single axial scan of the X-ray
source;

T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS;

L is at least (N x T) +40 mm, but not less than 100 mm

Note 1 to entry: This definition assumes that the DOSE PROFILE is centred on z = 0.

Note 2 to entry: When the TOMOGRAPHIC SECTIONS overlap, for example in CT SCANNERS with a "z-flying FOCAL
SPOT", the denominator of the integral needs to be replaced by the total nominal width along z of overlapping
TOMOGRAPHIC SECTIONS. For example, if the percentage of overlap is 50 %, then the denominator would be
replaced by 0,5 x N x T.

Note 3 to entry: Typically, a RADIATION DETECTOR of length L or longer is used. Annex DD of
IEC 60601-2-44:2009, |EC 60601-2-44:2009/AMD1:2016 and |IEC 60601-2-44:2009/AMD2:2016 provides an
example for alternate measurements.

[SOURCE: IEC 60601-2-44:2009 and IEC 60601-2-44:2009/AMD1:2012, 201.3.215, modified
— In the term, "computed tomography" has been replaced by "CT".]

3.6

CT NUMBER

number used to represent the mean X-ray ATTENUATION associated with each elemental area
of the COMPUTED TOMOGRAPHY image

Note 1 to entry: The CT NUMBER is normally expressed in Hounsfield units. MEASURED VALUES of the linear
ATTENUATION coefficients are transformed into CT NUMBERS using the international Hounsfield scale, using the

expression:
Hmaterial —H
CT NUMBER =—Tnaterial_Twater . 4 oo
Hywater
where
I is the linear ATTENUATION coefficient.

Note 2 to entry: The CT NUMBER scale is defined so that water has a value of 0 and air a value of i
assumed to be 0). B%ﬂﬁlﬁents
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3.7

CT PITCH FACTOR

in helical scanning the ratio of the PATIENT SUPPORT travel Ad along the z direction per rotation
of the X-ray source divided by the product of the NOMINAL TOMOGRAPHIC SECTION THICKNESS T
and the number of TOMOGRAPHIC SECTIONS N:

Ad

X

CT pitch factor =

where
Ad is the PATIENT SUPPORT travel along the z-direction per rotation of the X-RAY SOURCE;
T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS;

N is the number of TOMOGRAPHIC SECTIONS produced in a single axial scan of the X-RAY
SOURCE.

Note 1 to entry: Although the CT PITCH FACTOR is associated with helical scanning, its definition refers to
parameters T and N that are defined only for axial scanning. This definition of CT PITCH FACTOR presumes that
these axial-scanning parameters T and N correspond to the same collimation and active-detector configuration as
that of the helical scanning for which the CT PITCH FACTOR is being evaluated.

Note 2 to entry: When the TOMOGRAPHIC SECTIONS overlap, for example in CT SCANNERS with a "z-flying FOCAL
SPOT", the denominator of the integral needs to be replaced by the total nominal width along z of overlapping
TOMOGRAPHIC SECTIONS. For example, if the percentage of overlap is 50 %, then the denominator would be
replaced by 0,5 x N x T.

Note 3 to entry: CT PITCH FACTOR will be a function of time when Ad is variable during the exposure.

Note 4 to entry: The terms "helical" is used in this document as a synonym for the term "spiral”.

[SOURCE: IEC 60601-2-44:2009 and IEC 60601-2-44:2009/AMD1:2012, 201.3.204, modified
— Note 2 has been replaced by a new note.]

3.8

CT SCANNER

X-RAY EQUIPMENT intended to generate cross-sectional images of the body by computer
reconstruction of X-ray transmission data obtained at different angles, which may include
signal analysis and display equipment, PATIENT SUPPORT, support parts and ACCESSORIES

Note 1 to entry: The scope of IEC 60601-2-44:2009 is limited to CT SCANNERS intended to be used for both head
and body imaging, characterized by an ENCLOSURE of the X-ray source(s) and imaging detector(s) in a common
protective cover in the shape of a toroid.

Note 2 to entry: Secondary imaging processing is not included in the scope of IEC 60601-2-44:2009.

[SOURCE: IEC 60601-2-44:2009, 201.3.201]

3.9
DOSE PROFILE
representation of the dose as a function of position along a line

[SOURCE: IEC 60601-2-44:2009, 201.3.205]

3.10

FULL WIDTH AT HALF-MAXIMUM

FWHM

interval parallel to the abscissa between the points on a curve with the value of one-half of the
maximum of the curve

3.11
IMAGE DISPLAY DEVICE
device capable of displaying images from an input signal provided by an imaging s;Becuments
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3.12

LOW CONTRAST RESOLUTION

smallest size that can be individually resolved at a given level of contrast and for a SPECIFIED
shape from a uniform background

3.13

MAJOR SERVICE ACTION

service action that may significantly affect RADIATION OUTPUT, image quality, or PATIENT
positioning, and requires an ACCEPTANCE TEST as described in the ACCOMPANYING DOCUMENTS

3.14
MEAN CT NUMBER
mean value of the CT NUMBERS of all pixels within a certain defined REGION OF INTEREST

3.15

NOISE

variation of CT NUMBERS from a mean value in a defined area in the image of a uniform
substance

Note 1 to entry: The magnitude of NOISE is indicated by the standard deviation of the CT NUMBERS of a uniform
substance in the REGION OF INTEREST.

3.16

NOMINAL TOMOGRAPHIC SECTION THICKNESS

in CT SCANNERS, the TOMOGRAPHIC SECTION THICKNESS which is selected and indicated on the
CONTROL PANEL

Note 1 to entry: The RECONSTRUCTED SECTION THICKNESS might or might not be equal to the NOMINAL
TOMOGRAPHIC SECTION THICKNESS.

[SOURCE: IEC 60601-2-44:2009, 201.3.206, modified — Note 1 to entry has been rephrased.]

3.17
RECONSTRUCTED SECTION THICKNESS
FULL WIDTH AT HALF MAXIMUM of the SENSITIVITY PROFILE of a reconstructed image

3.18

REGION OF INTEREST

ROI

localized part of an image, of defined shape and dimension, which is of particular interest at a
given time

Note 1 to entry: This note applies to the French language only.

3.19

SENSITIVITY PROFILE

relative response of a system for COMPUTED TOMOGRAPHY as a function of position along a line
perpendicular to the TOMOGRAPHIC PLANE

[SOURCE: IEC 60601-2-44:2009, 201.3.207]

3.20

SPATIAL RESOLUTION

<CT SCANNERS> ability to resolve spatially adjacent objects in the image, when the difference
in ATTENUATION between the objects and the background is large compared to NOISE

Note 1 to entry: Normally, a difference in ATTENUATION coefficient between the object and the background
resulting in a difference of the respective CT NUMBERS of several hundred Hounsfield units is regarded as large

enough.
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NOTE 2 to entry: SPATIAL RESOLUTION is also known as "high-contrast resolution" and is best described by the
MODULAR TRANSFER FUNCTION.

3.21

TOMOGRAPHIC PLANE

geometric plane perpendicular to the axis of rotation at the centre of the X-RAY FIELD in z
(see Figure 1)

IEC

Key
1 TOMOGRAPHIC PLANE

2 PHANTOM

Figure 1 — Coordinate system

[SOURCE: IEC 60601-2-44:2009, 201.3.208, modified — Figure 1 has been added, and the
parenthesis replaced in the definition.]

3.22

TOMOGRAPHIC SECTION

for CT SCANNERS with a single detector row, the volume over which TRANSMISSION data of X-
RADIATION are collected in a single axial scan; for CT SCANNERS with multiple detector rows
along the z-axis, the volume over which data are collected by a single acquisition channel
representing a single detector row or a selected grouping of detector rows

[SOURCE: IEC 60601-2-44:2009, 201.3.209]

3.23

TOMOGRAPHIC SECTION THICKNESS

FULL WIDTH AT HALF MAXIMUM of the SENSITIVITY PROFILE taken at the ISOCENTRE of a
TOMOGRAPHIC SECTION

[SOURCE: IEC 60601-2-44:2009, 2.3.210]

3.24
UNIFORMITY
consistency of the CT NUMBERS of the image of a homogeneous material across the scan field
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3.25

VOLUME CTDl\,
CTDI,,

a) for axial scanning

NxT
CTDI,, =——CTDI,
vol Ad w
where
N is the number of TOMOGRAPHIC SECTIONS produced in a single axial scan of the X-ray
source;

T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS;

Ad is the PATIENT SUPPORT travel in z-direction between consecutive scans

Note 1 to entry:  For the selected CT CONDITIONS OF OPERATION, but irrespective of any scanning length that may
be used clinically, the voLuME CTDI, (CTDI, ) is an index of dose based on a convention of a 100 mm range of
integration along the z-axis. For axial scanning, CTD/ , corresponds to the average dose that would accrue in the
PHANTOM central section of volume equal to the cross-sectional area x Ad.

Note 2 to entry: For axial scanning with a total table travel much less than Nx T, CTDI, , as defined
overestimates the average dose that would accrue in the PHANTOM central section of volume equal to the cross-
sectional area x Ad.

b) for helical scanning

CTDI,,

CTDlyo1 = CT pitch factor

Note 3 to entry: CT PITCH FACTOR will be a function of time when Ad is variable during the exposure.

Note 4 to entry: For the selected CT CONDITIONS OF OPERATION, but irrespective of any scanning length that may
be used clinically, the voLume CTD/, (CTDI,) is an index of dose based on a convention of 100 mm range of
integration along the z-axis. For helical scanning, CTDI  corresponds to the average dose that would accrue in
the centre of a 100 mm scan length.

Note 5 to entry: For helical scanning, when the product of a small number of rotations times the table travel per
rotation is much less than N x T, CTDI,, as defined overestimates the average dose that would accrue in the
centre of a 100 mm scan length within a PHANTOM

c) for scanning without movement of the PATIENT SUPPORT

CTDIl,y =n x CTDI,,

where n is equal to the number of rotations

Note 6 to entry: c) includes situations where the PATIENT SUPPORT may be moved manually, for example, during
an interventional procedure.

Note 7 to entry: For scanning without movement of the PATIENT SUPPORT and for situations where the PATIENT
SUPPORT may be moved manually, this definition overestimates the dose as it includes assumed scatter
contribution from adjacent slices.

Note 8 to entry: For scanning without movement of the PATIENT SUPPORT, CTD/  corresponds to the dose that
would accrue in the PHANTOM central section of volume equal to the cross-sectional area x N x T were there n
congruent sequences of contiguous scanning, each sequence of length 100 mm.

d) for axial scanning without gaps and helical scanning, both involving back-and-forth
PATIENT SUPPORT movement between two positions (shuttle mode)

¢l =n —*T_crpy,
(NxT)+R

Documents

Document Sharing Hub

Full document details: IEC 61223-3-5-2019


http://avadocuments2026.com/doc/iec-61223-3-5-2019
http://avadocuments2026.com/doc/iec-61223-3-5-2019

- 16 - IEC 61223-3-5:2019 © |IEC 2019

where

N is the number of TOMOGRAPHIC SECTIONS produced in a single axial scan of the X-
ray source;

T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS;

n is equal to the total number of rotations for the entire scan series;

R is the distance between the two positions;

CTDl\y, is the WEIGHTED CTDl,qp.
Note 9 to entry: See Figure 2.

Note 10 to entry: CTDI, is evaluated as the time weighed CTDI, reflecting the varying CT CONDITIONS OF

OPERATION.
F A Fa
X : _ i
1T 1T 1T 1
=
IEC

NxT

(NxT)+R

F FOCAL sPOT
| ISOCENTRE

Z z-direction

Figure 2 — lllustration of Nx T, Rand (Nx T) + R

[SOURCE: IEC 60601-2-44:2009 and IEC 60601-2-44:2009/AMD1:2012, 201.3.212, modified
— The notes have been renumbered.]

3.26

WEIGHTED CTDl,4,
CTDI,,

value defined as

CTDly = %CTDHOO(centre) + %CTDH 00(peripheral )

where

CTDlygo(centre) is the value of CTDI,yq measured in the centre of the CT dosimetry
PHANTOM (IEC 60601-2-44:2009 203.108), and

CTDl1go(peripheral) is the average of the four values of CTDI/;y, measured around the
dosimetry PHANTOM periphery, according to IEC 60601-2-44:2009
203.109.1 a) 4)

[SOURCE: |EC 60601-2-44:2009, definition 201.3.211, modified - In the key of

CTDlygg(centre): the parenthesis has been added. In the key of CTDliggperipheral), the
reference "203.109.1 a) 2) and 3)" has been replaced by "203.109.1 a) 4)".]
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4 General aspects of ACCEPTANCE TESTS and CONSTANCY TESTS

4.1 General conditions to be considered in test procedures
411 General

The aim of an ACCEPTANCE TEST is to demonstrate that the SPECIFIED characteristics of the
equipment lie within the SPECIFIED tolerances as stated in the ACCOMPANYING DOCUMENTS or in
this document. ACCEPTANCE TESTS are used to verify conformance of the installation or MAJOR
SERVICE ACTION with applicable safety and performance standards, regulations, and published
and/or contractual specifications affecting the image quality, RADIATION OUTPUT and PATIENT
positioning (see Annex H).

The CONSTANCY TESTS are performed to ensure that the functional performance of EQUIPMENT
meets ESTABLISHED CRITERIA and to enable the early recognition of changes in the properties
of components of the EQUIPMENT, and to verify compliance with specifications affecting the
image quality, RADIATION OUTPUT and PATIENT positioning.

An inventory of the equipment under test and the ACCOMPANYING DOCUMENTS shall be
compiled before any ACCEPTANCE TESTS or CONSTANCY TESTS are carried out. Each item shall
be identified by its MODEL OR TYPE REFERENCE (type number) and SERIAL NUMBER. For the
ACCEPTANCE TESTS performed after the initial CT SCANNER installation, the entire inventory
shall be compared with the purchase contract. The section of the ACCOMPANYING DOCUMENTS
that pertain to ACCEPTANCE TEST and CONSTANCY TEST shall state the edition of IEC 60601-2-
44 that the system has been designed and conforms to.

The performance of the IMAGE DISPLAY DEVICE will affect the measured performance of a digital
imaging system. A test of the performance of these components shall precede the visual
evaluation of any ACCEPTANCE TEST or CONSTANCY TEST images. The medical grade IMAGE
DISPLAY DEVICE shall be set up by following the instructions in the ACCOMPANYING DOCUMENTS
and, if applicable, using the MANUFACTURER'S electronic test image and other applicable
quality control methods for the IMAGE DISPLAY DEVICE, to deliver its SPECIFIED performance.

Non-invasive measurements are preferred for ACCEPTANCE TESTS and CONSTANCY TESTS.
Whenever invasive tests are part of the programme, it shall be verified that the equipment has
been restored to its pre-test condition after the test.

Careful consideration shall be given to the appropriate choice of the test conditions under
which the CT SCANNER is checked, including environmental parameters. The ACCEPTANCE
TESTS and CONSTANCY TESTS described in this document have been designed to be robust.
The range of TEST DEVICES and test equipment has been kept to a minimum and restricted
where possible to devices that are passive, inherently simple or reasonably stable.

The CONSTANCY TESTS described in this document have been designed such that their results
should be affected only by changes in the parameters under investigation.

For CONSTANCY TESTS, it is mandatory

e to record and reproduce all significant settings of the CT SCANNER and ACCESSORIES each
time a test is undertaken, so as to check that the same equipment, components and
ACCESSORIES are being used,

e to consider the influence of environmental changes, particularly variations in supply
voltage, on the results, and

o to check the performance and calibration of the test instrumentation regularly, particularly
when any significant variation in the CT SCANNER is suspected.

When a significant deviation between CONSTANCY TEST results and BASELINE VALUES is
observed, the test equipment and positioning of the instrumentation shall be ’Bﬁ‘&iﬁﬁ’lents
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including the TEST DEVICE, and the measurements shall be repeated. If a significant deviation
is still observed, appropriate action shall be taken (for examples see Annex F).

Records of the ACCEPTANCE TESTS and CONSTANCY TESTS results shall be kept as long as the
CT SCANNER is in use or as otherwise required by the site's quality assurance program or local
regulation.

4.1.2 Preconditions

For the results of the ACCEPTANCE TESTS and CONSTANCY TESTS described in this document to
be valid, it is essential to ensure that they are not significantly influenced by anything other
than changes in the parameters under test. All equipment under test or used for testing shall
be marked or recorded in order to permit easy identification and to assist in ensuring that the
same items are used subsequently in related CONSTANCY TESTS. If the same items are not
available, similar items may be used. Prior to testing, the calibration of all equipment that is
used for the CONSTANCY TESTS shall be verified.

4.1.3 BASELINE VALUES

For those parameters subject to constancy testing, the associated BASELINE VALUES may be
determined when the ACCEPTANCE TEST is performed or with additional testing performed
before first clinical use. The same test equipment and procedures as used to determine the
BASELINE VALUES should be used for the CONSTANCY TESTS, otherwise, the potential effects of
the new test equipment or procedures shall be considered.

If a separate test, performed after the ACCEPTANCE TEST, is used to obtain the BASELINE
VALUES, the criteria to be applied are those for the ACCEPTANCE TEST.

4.1.4 Identification and recording of equipment, instrumentation, and test conditions

All equipment under test or used for testing shall be unequivocally identified. All test
conditions, including position of TEST DEVICES, shall be recorded. Interchangeable components
of X-RAY EQUIPMENT, such as

e ADDED FILTERS,
e BEAM LIMITING DEVICE, and
e PATIENT SUPPORT or other attenuating material in the RADIATION BEAM,

together with items of test instrumentation, such as

e TEST DEVICES, and

e CT dosimeter,

shall be marked or recorded so that the items and settings used in the initial ACCEPTANCE
TESTING or baseline testing can be used with the equipment under test at a later date.

All relevant data such as the identification of the CT SCANNER tested, identification of the test
equipment used, geometrical set-up, operating characteristics, correction factors and test
results of the ASSOCIATED EQUIPMENT shall be recorded with the test results. The record shall
include the identification of the location, the date and the names of the persons performing
the tests.

4.1.5 TEST DEVICES
In ACCEPTANCE TESTS and CONSTANCY TESTS of CT SCANNERS, TEST DEVICES are used

e to simulate ATTENUATION and FILTRATION of the X-RAY BEAM,

e to provide SPECIFIC materials or objects which are needed to permit ev%@urﬁents

measured variables, and
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e to position these materials or objects in the X-RAY BEAM in a reproducible fashion.

The following conditions shall be SPECIFIED and recorded in connection with the use of TEST
DEVICES:

e all CT CONDITIONS OF OPERATION used during the test;

e the software revision number;

e the area of the TEST DEVICE to be imaged;

e the position of the TEST DEVICE during IRRADIATION.

NOTE 1 Examples of CT CONDITIONS OF OPERATION include: NOMINAL TOMOGRAPHIC SECTION THICKNESS, CT PITCH
FACTOR, FILTRATION, PEAK X-RAY TUBE VOLTAGE, X-RAY TUBE CURRENT, LOADING TIME, reconstruction algorithm,
display field of view, scan field of view, and any other parameter selectable by the OPERATOR.

NOTE 2 Some CT CONDITIONS OF OPERATION can vary during the exposure.
4.2 Documents and data for the tests in the ACCOMPANYING DOCUMENTS
The ACCOMPANYING DOCUMENTS of the CT SCANNER under test shall include

o the statement of compliance with applicable parts of the IEC 60601 series,

e a comprehensive description of how to measure CTDI/,, and calculate CTDI, in order to
verify against the displayed CTD/,y,

e the list of equipment or equipment parts ordered and the actual delivery Ilist
(IEC 60601-1),

e the performance specification as stated by the MANUFACTURER or as SPECIFIED in the
ACCOMPANYING DOCUMENTS, including CT CONDITIONS OF OPERATION during acceptance
testing,

e the results from tests performed at the MANUFACTURER's site or during installation, covering
items of importance to quality,

e the INSTRUCTIONS FOR USE, including guidance for the operation of the equipment,

e the details of the CT CONDITIONS OF OPERATION under which the CT SCANNER is to be used,
e the guidance as to the extent and frequency of maintenance procedures,

e the reports on previous tests, where applicable, and

e the methods to perform tests, where applicable.

Many of the tests in this document call for the use of PROTOCOL ELEMENTS that represent
typical CT CONDITIONS OF OPERATION. These may be preinstalled PROTOCOL ELEMENTS on the
CT SCANNER intended for clinical use, or they may be PROTOCOL ELEMENTS modified by the
MANUFACTURER to better accommodate ACCEPTANCE TESTS and CONSTANCY TESTS, while
remaining representative of the clinical use protocol elements that they are derived from.

It is likely that many clinical PROTOCOLS ELEMENTS that are considered typical for Adult Head,
Adult Body, Paediatric Head, and Paediatric Body will utilize one or more of the following CT
CONDITIONS OF OPERATION: helical acquisition, AUTOMATIC EXPOSURE CONTROL, and iterative
reconstruction, and because of these conditions, these clinical PROTOCOL ELEMENTS may not
be appropriate for ACCEPTANCE TESTS and CONSTANCY TESTS. Typical clinical PROTOCOL
ELEMENTS may be converted to the typical PROTOCOL ELEMENTS used for ACCEPTANCE TESTS
and CONSTANCY TESTS by changing from helical to a representative axial acquisition, using an
appropriate manual TUBE CURRENT, manual TUBE VOLTAGE, and using filtered back projection
for the reconstruction. Using filtered back projection is especially important because of
inherent non-linearity in metrics such as NOISE with iterative reconstruction. If filtered back
projection is not available, methods to be used shall be described in the ACCOMPANYING
DOCUMENTS.
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4.3 Scope of tests

The ACCOMPANYING DOCUMENTS shall be checked for information related to ACCEPTANCE and
CONSTANCY TESTS prior to the performance of the tests.

The visual and functional tests of the CT SCANNER according to the INSTRUCTIONS FOR USE
shall be performed prior to the ACCEPTANCE TESTS and CONSTANCY TESTS.

The following tests are subject to ACCEPTANCE TEST and CONSTANCY TEST using the CT
CONDITIONS OF OPERATIONS, methods, and criteria as detailed in Clause 5.

e Positioning of the PATIENT SUPPORT (see 5.1)
e PATIENT positioning accuracy (see 5.2)
e RECONSTRUCTED SECTION THICKNESS (see 5.3.1)
e Dose (see 5.4)
e MEAN CT NUMBER, magnitude of NOISE, UNIFORMITY (see 5.5)
e SPATIAL RESOLUTION (high contrast) (see 5.6)

ACCEPTANCE TESTS and CONSTANCY TESTS for automatic exposure control (AEC) are not
required (see 4.4). However, 5.7 identifies information that should be provided in the
ACCOMPANYING DOCUMENTS to support the optional AEC testing found in the informative
Annex G.

ACCEPTANCE TESTS and CONSTANCY TESTS for LOW CONTRAST RESOLUTION are not required
(refer to 4.4). However, 5.8 identifies information that should be provided in the
ACCOMPANYING DOCUMENTS to support one or more optional LOW CONTRAST RESOLUTION TESTS
methods that are defined and determined by the MANUFACTURER. If a LOW CONTRAST
RESOLUTION test is determined by the MANUFACTURER to be needed, a detailed method for
performing the test and evaluating the test results shall be provided by the MANUFACTURER
(see 5.8).

As an aid, Annex J (informative) contains a table summarizing the ACCEPTANCE and
CONSTANCY TESTS found in Clause 5, their corresponding ACCEPTANCE TEST and CONSTANCY
TEST criteria to be applied, and frequency.

4.4 Considerations for selection of ACCEPTANCE and CONSTANCY TESTS

The following information provides a list of some other possible tests that were considered for
inclusion in the required ACCEPTANCE and CONSTANCY TESTS identified in 4.3, as well as
rationale as to why such tests were not included as required ACCEPTANCE and CONSTANCY
TESTS.

LOwW CONTRAST RESOLUTION: The evaluation of LOW CONTRAST RESOLUTION involves assessment
of the minimum detectable size of an object, for a given low contrast value, and given
RADIATION OUTPUT. This is a subjective task; different responses are likely for different
observers. Additionally, because there are currently no widely used and accepted PHANTOMS
for LOW CONTRAST RESOLUTION testing or ESTABLISHED CRITERIA for LOW CONTRAST RESOLUTION
evaluation, LOW CONTRAST RESOLUTION testing was not included in the required ACCEPTANCE
and CONSTANCY TESTS. Possible methods for measurement of LOW CONTRAST RESOLUTION can
be found in Annex A.

Helical RECONSTRUCTED SECTION THICKNESS is influenced by a CT SCANNER'S system properties
and by the algorithm used for helical image reconstruction. The system properties that
influence the helical RECONSTRUCTED SECTION THICKNESS are virtually the same as those that
influence the axial RECONSTRUCTED SECTION THICKNESS, which is tested by this document.
Because the image reconstruction algorithm is not subject to wear or deterioration, if the axial
RECONSTRUCTED SECTION THICKNESS (5.3) and the positioning of the PATIENT Suwéﬁrﬁents
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meet specifications, then the helical RECONSTRUCTED SECTION THICKNESS can be deemed to
also meet specification.

Apart from special CT SCANNER applications like radiation therapy planning and automated
guidance of interventional procedures, high accuracy of the gantry tilt is not an essential
parameter for image quality, RADIATION OUTPUT and PATIENT positioning and was therefore not
included in the required ACCEPTANCE and CONSTANCY TESTS.

AUTOMATIC EXPOSURE CONTROL (AEC) is based on software algorithms that are validated
during a CT SCANNERS' VALIDATION and manufacture, and are not subject to wear or
deterioration. Also, because there are currently no widely used and accepted PHANTOMS for
AEC testing or ESTABLISHED CRITERIA for AEC evaluation, AEC testing was not included in the
required ACCEPTANCE and CONSTANCY TESTS.

Accurate DOSE PROFILE testing and evaluation requires specialized test objects and
measurement tools, and the results of such testing may be unsatisfactorily variable due to
variations in test set up. Because the DOSE PROFILE is highly likely to meet specifications when
CTDl e 5ir @and/or CTDI,, meet specifications, DOSE PROFILE testing was not included in the
required ACCEPTANCE and CONSTANCY TESTS.

The tests listed in this clause are not considered necessary for a complete ACCEPTANCE or
CONSTANCY TEST. The informative annexes of this document contain information regarding
some of these tests: LOW CONTRAST RESOLUTION (Annex A); DOSE PROFILE (Annex B); gantry tilt
(Annex C); alternative SPATIAL RESOLUTION test (Annex D); helical RECONSTRUCTED SECTION
THICKNESS (Annex E); and AUTOMATIC EXPOSURE CONTROL (Annex G).

4.5 Measuring equipment

Measuring equipment used for ACCEPTANCE TESTS and CONSTANCY TESTS shall be certified as
calibrated. The uncertainty of measuring instruments shall be suitable for the measurement.

4.6 Actions to be taken after a MAJOR SERVICE ACTION

The ACCOMPANYING DOCUMENTS shall contain a list of MAJOR SERVICE ACTIONS with their
corresponding ACCEPTANCE TESTS, from this document, that are required.

4.7 Establishment of BASELINE VALUES

For those parameters subject to constancy testing, the BASELINE VALUES shall be determined
when the ACCEPTANCE TEST is done or with additional testing performed before first clinical
use. The same test equipment and procedures as used to determine the BASELINE VALUES
shall be used for this CONSTANCY TEST. If the same test equipment is not available, similar
equipment may be used.

New BASELINE VALUES shall be determined when

e the new CT SCANNER is brought into use, or
e MAJOR SERVICE ACTIONS have been made to existing equipment, or

e a component that may cause a significant variation in the test results for image quality and
dose of the CT SCANNER or its ACCESSORIES is changed (either with an identical or different
component), or

o test equipment is changed which may cause a variation, or

e the CONSTANCY TEST for CTDlqe 4 OF CTDI,, failed due to ageing of the X-RAY TUBE, but
the MEASURED VALUES are within the MANUFACTURERs specification (5.4.6.1)

When other test equipment and procedures are used, the USER shall validate them against the
test equipment and procedures of this document. Documents
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4.8 Frequency of CONSTANCY TESTS

The CONSTANCY TESTS shall be repeated as indicated for the individual test methods. The
frequency of the CONSTANCY TESTS should take into consideration the system's level of use,
preventative maintenance program, environmental conditions, availability of qualified
personnel, and local regulations.

In addition, the CONSTANCY TESTS should be repeated

e whenever malfunction is suspected, or

o after the CT SCANNER has undergone maintenance or updates that could affect the
performance parameter under test, or

e whenever the CONSTANCY TEST leads to results outside the ESTABLISHED CRITERIA, to
confirm the test result.

As an aid, Annex J (informative) contains a table summarizing the ACCEPTANCE and
CONSTANCY TESTS found in Clauses 5 and 6, their CORRESPONDING ACCEPTANCE and
CONSTANCY CRITERIA to be applied, and frequency.

5 Test methods for CT SCANNERS

5.1 Positioning of the PATIENT SUPPORT
5.1.1 Summary

Accuracy of the PATIENT SUPPORT position includes both longitudinal positioning and backlash
evaluation.

The accuracy of longitudinal PATIENT SUPPORT positioning is evaluated by moving the PATIENT
SUPPORT a defined distance in one direction and confirming the distance travelled.

The accuracy of moving the PATIENT SUPPORT in one direction and moving it back to the
starting position is referred to as backlash.

5.1.2 Test equipment

A ruler of at least 60 cm in length and marked in 1 mm increments is attached to a fixed part
of the PATIENT SUPPORT adjacent to the moving part of the PATIENT SUPPORT.

Alternative methods such as film, laser, or image-based methods may be used if their
accuracy has been validated. If an alternative method that provides more accuracy is
available, it should be used.

5.1.3 Test procedure

The test shall be performed with an appropriately distributed (i.e. PATIENT simulating), person-
equivalent load, between 70 kg and 135 kg, on the PATIENT SUPPORT.

Fix a mark in a convenient way on the moving part of the PATIENT SUPPORT and another one
adjacent to it on the ruler.

Drive the PATIENT SUPPORT outward by a distance of at least 30 cm as indicated on the CT
SCANNER display, and measure the distance L, moved (distance between the two marks).

Return the PATIENT SUPPORT back to the initial indicated position per the CT SCANNER display
and measure the distance B;,, between the two marks.
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Then repeat the movement the same distance in the opposite direction and measure the
distances between the markers equivalent to above measurements as L, and By qk-

Next, perform the test by stepped movement using CT CONDITIONS OF OPERATION
representative of an axial scanning mode that increments the PATIENT support in
approximately 1 cm increments outward to a total distance of 30 cm, and measure and record
the L;,,. Then, move the table in the identical manner back to the initial indicated position and
measure and record the By,,. Then, repeat the identical movement in the opposite direction
and measure and record the Ly . and By .-

5.1.4 Data evaluation
5.1.4.1 Longitudinal positioning of the PATIENT SUPPORT

The measured distances moved in the longitudinal direction L, and L, are compared with
the indicated distances on the CT SCANNER.

5.1.4.2 Backlash of the PATIENT SUPPORT

The measured distances By, and By, are the backlash values.

5.1.4.3 Stepped movement of the PATIENT SUPPORT under CT CONDITIONS OF OPERATION

The longitudinal positioning and backlash evaluation shall be repeated (see 5.1.3).

5.1.5 Criteria to be applied
5.1.5.1 Longitudinal positioning of the PATIENT SUPPORT

Lior @and Ly, shall not deviate by more than £1 mm from the indicated distances on the CT
SCANNER.

5.1.5.2 Backlash of the PATIENT SUPPORT

Byor @and By, shall not be greater than +1 mm.

5.1.5.3 Stepped movement of the PATIENT SUPPORT under CT CONDITIONS OF OPERATION

The criteria of 5.1.5.1 and 5.1.5.2 shall apply.

5.1.6 Constancy testing
5.1.6.1 Additional criteria

None.

5.1.6.2 Frequency of testing
Positioning of the PATIENT SUPPORT should be tested at least annually. However, for high

and/or heavy use equipment, the facility's QUALITY ASSURANCE PROGRAMME may specify a
higher frequency.

5.1.6.3 Action to be taken

Guidance on the action to be taken is given in Annex F.
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5.2 PATIENT positioning accuracy
5.21 Axial PATIENT positioning accuracy
5.2.1.1 Summary

The correlation of the axial PATIENT positioning indicator and the TOMOGRAPHIC PLANE is tested
by positioning and scanning a thin absorber.

5.2.1.2 Test equipment

The TEST DEVICE shall consist of a thin absorber, for example a wire with a diameter of less
than or equal to 1 mm.

5.2.1.3 Test procedure

5.2.1.3.1 Internal PATIENT positioning light indicating the TOMOGRAPHIC PLANE (if
available)

The TEST DEVICE shall be centred in the internal light marker parallel to the TOMOGRAPHIC
PLANE. Images shall be acquired over the range of at least £3 mm about the centre of the light
marker. The narrowest RECONSTRUCTED SECTION THICKNESS shall be used with images
reconstructed at intervals of 1 mm or less.

If the CT SCANNER provides automatic PATIENT positioning light accuracy evaluation based on
another method, this may be used instead of the described test, after the alternative method
has been validated.

5.2.1.3.2 External PATIENT positioning light (if available)

The TEST DEVICE shall be centred in the external light marker parallel to the TOMOGRAPHIC
PLANE. The CT SCANNER shall automatically move the TEST DEVICE into the TOMOGRAPHIC
PLANE. Images shall be acquired over the range of at least £3 mm about the centre of the light
marker. The narrowest RECONSTRUCTED SECTION THICKNESS shall be used with images
reconstructed at intervals of 1 mm or less.

If the CT SCANNER provides automatic PATIENT positioning light accuracy evaluation based on
another method, this may be used instead of the described test, after the alternative method
has been validated.

5.2.1.3.3 Automatic positioning of the TOMOGRAPHIC PLANE using the scanned
projection radiograph (preview image)

The TEST DEVICE shall be positioned on the PATIENT SUPPORT in parallel to the x-axis of the CT
SCANNER. A scanned projection radiograph (preview image) in AP direction shall be made. A
TOMOGRAPHIC SECTION shall be centered at the position of the TEST DEVICE in the preview
image. Allow the CT SCANNER to automatically position the TEST DEVICE in the TOMOGRAPHIC
PLANE. Images shall be acquired over the range of at least £3 mm about the position of the
TEST DEVICE. The narrowest RECONSTRUCTED SECTION THICKNESS shall be used with images
reconstructed at intervals of 1 mm or less.

If the CT SCANNER provides automatic PATIENT positioning light accuracy evaluation based on
another method, this may be used instead of the described test, after the alternative method
has been validated.

5.2.1.4 Data evaluation

For each of the tests, select the image with the highest CT NUMBER of the TEST OBJECT.
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5.21.5 Criteria to be applied

For each of the tests, the selected image shall not be greater than +2 mm of either the centre
of the light marker or the position of the TEST DEVICE in the preview image.

5.2.2 Sagittal and coronal PATIENT positioning light accuracy (if available)
5.2.21 Summary

The correlation of sagittal (left/right), if available, and coronal (up/down), if available, PATIENT
positioning lights with the image ISOCENTRE is tested by positioning a narrow absorber at
ISOCENTRE.

5.2.2.2 Test equipment

The TEST DEVICE shall consist of a thin absorber, for example a wire with a diameter of
approximately 1 mm, which can be positioned at ISOCENTRE using the sagittal and coronal
positioning lights.

If the CT SCANNER provides automatic PATIENT positioning light accuracy evaluation based on
another method, this may be used instead of the described test, after the alternative method
has been validated.

5.2.2.3 Test procedure

The TEST DEVICE shall be centred within the CT SCANNER by positioning the TEST DEVICE in the
TOMOGRAPHIC PLANE at the intersection of the sagittal and coronal positioning light markers.
An image shall be acquired using a reconstruction field of view of approximately 10 cm.

If the CT SCANNER provides automatic PATIENT positioning light accuracy evaluation based on
another method, this may be used instead of the described test, after the alternative method
has been validated.

5.2.2.4 Data evaluation

The image of the TEST DEVICE shall be viewed, and the position of the TEST DEVICE with
respect to the image centre shall be determined.

5.2.2.5 Criteria to be applied

The stated values and tolerances according to the specification in the ACCOMPANYING
DOCUMENTS shall be applied.

5.2.3 Constancy testing — Axial, sagittal, and coronal positioning light accuracy
5.2.3.1 Additional criteria

None.

5.2.3.2 Frequency of testing

The axial, sagittal (if available), and coronal (if available) PATIENT positioning accuracy shall
be measured at least annually. However, for high use equipment, the facility's QUALITY
ASSURANCE PROGRAMME may specify a higher frequency.

5.2.3.3 Action to be taken

Guidance on the action to be taken is given in Annex F.
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5.3 RECONSTRUCTED SECTION THICKNESS
5.3.1 General

In IEC 61223-3-5:2004, the term "TOMOGRAPHIC SECTION THICKNESS" was used, however
because RECONSTRUCTED SECTION THICKNESS more accurately describes what is actually
determining the thickness, the updated term is used in this document.

5.3.2 RECONSTRUCTED SECTION THICKNESS for axial scanning
5.3.2.1 Summary

The RECONSTRUCTED SECTION THICKNESS shall be evaluated by measuring the width of the
image of one or more ramps of suitable material at the intersection of the ramp(s) with the
TOMOGRAPHIC PLANE. The width is defined as the FULL WIDTH AT HALF-MAXIMUM.

NOTE Annex D contains information on considerations for the characterization of the z-axis spatial resolution.

5.3.2.2 Test equipment

A TEST DEVICE containing one ramp, or preferably two ramps, with known angles to the
TOMOGRAPHIC PLANE and with a linear ATTENUATION coefficient of not less than that of
aluminium and suitable length for measuring all available RECONSTRUCTED SECTION
THICKNESSES shall be used. The angle and the thickness of the ramp should be chosen to not
appreciably affect the measurement. A ramp with discrete beads, discs or wires may also be
used.

NOTE A ramp is a thin strip of material or a wire positioned at an angle to the TOMOGRAPHIC PLANE.
5.3.2.3 Test procedure

Align the TEST DEVICE so that its axis coincides with the axis of rotation of the CT SCANNER.

After the TEST DEVICE has been positioned, it shall be scanned with a set of CT CONDITIONS OF
OPERATION using the collimation of a typical abdomen PROTOCOL ELEMENT, according to the
specification of the MANUFACTURER in the ACCOMPANYING DOCUMENTS.

The measurements shall be performed for at least three RECONSTRUCTED SECTION
THICKNESSES. These sections shall be the thinnest, plus two others that represent routine
clinical use. The evaluation shall be performed at least for one of the outer reconstructed
sections in z and one representative inner reconstructed section in z.

This testing may be performed with either filtered back projection or non-linear reconstruction
methods as SPECIFIED in the ACCOMPANYING DOCUMENTS.

5.3.2.4 Data evaluation

The evaluation of the scan images is as follows.

The CT NUMBER of the background material shall be determined by adjusting the window width
to the narrowest setting possible and adjusting the window level until approximately half of the
background is not visible in the image.

The pixel size and the reconstruction algorithm should not appreciably affect the
measurement. The field of view shall be chosen such that detection of the ramp in the image
is not compromised. The reconstruction algorithm shall be chosen such that smoothing effects
are minimized and CT NUMBER accuracy is maintained. This is especially critical for nominal
thickness of 1 mm or less.
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When using a ramp plate, several line measurements within the plate should be averaged.
Record the adjusted CT NUMBER as "background CT NUMBER".

The following steps shall be conducted for each ramp.

e The maximum CT NUMBER of each ramp shall be determined using a corresponding
technique described for establishing the CT NUMBER of the background (i.e. excluding
values from image NOISE peaks).

e Add the maximum CT NUMBER for each ramp to the background CT NUMBER and divide the
result by two to obtain the half maximum CT NUMBER value for each ramp. Record these
values.

e With the window width at the narrowest setting, adjust the window level to the mean of
these recorded CT NUMBER values and measure the width of each ramp to determine the
FULL WIDTH AT HALF-MAXIMUM (FWHM) value.

o |f the TEST DEVICE contains more than one ramp, average the results to obtain the mean
FWHM value.

e Multiply the measured FWHM value by the tangent of the ramp-to-TOMOGRAPHIC PLANE (i.e.
slope) angle. This result represents the RECONSTRUCTED SECTION THICKNESS for axial
scanning.

If the CT SCANNER provides automatic RECONSTRUCTED SECTION THICKNESS evaluation, based
on an equivalent method as indicated above, this may be used instead.

If the CT SCANNER operating software provides a tool to graph and evaluate the pixel values
along a line, the section thickness profile may be used to determine the full-width at half-
maximum of the image of the inclined ramp, which represents the axial RECONSTRUCTED
SECTION THICKNESS after correction for the ramp angle.

5.3.2.5 Criteria to be applied

Maximum values for the difference between the measured RECONSTRUCTED SECTION THICKNESS
values and the nominal RECONSTRUCTEDN SECTION THICKNESS are the following:

e for nominal RECONSTRUCTED SECTION THICKNESS above 2 mm: £1,0 mm;
e for nominal RECONSTRUCTED SECTION THICKNESS of 2 mm to 1 mm: £50 %;

e for nominal RECONSTRUCTED SECTION THICKNESS less than 1 mm: +0,5 mm.

NOTE The RECONSTRUCTED SECTION THICKNESS width of narrow slices can appear wider than nominal because of
the width of the measuring ramp.

5.3.2.6 Constancy testing
5.3.2.6.1 Additional criteria

None.

5.3.2.6.2 Frequency of testing

The RECONSTRUCTED SECTION THICKNESS shall be tested at least annually.

5.3.2.6.3 Action to be taken

Guidance on the action to be taken is given in Annex F.
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5.3.3 RECONSTRUCTED SECTION THICKNESS for helical scanning

Testing RECONSTRUCTED SECTION THICKNESS for helical scanning is not mandatory. If
measurements for RECONSTRUCTED SECTION THICKNESS are desired for helical scanning, refer
to Annex E.

5.4 Dose
5.4.1 Summary

The dose measurements shall be made using the definition described in IEC 60601-2-
44:2009, |EC 60601-2-44:2009/AMD1:2012 and IEC 60601-2-44:2009/AMD2:2016 and
methods described in the ACCOMPANYING DOCUMENTS.

The ACCOMPANYING DOCUMENTS shall include a comprehensive description of how to measure
and calculate CTDI/,,, and calculate CTDI,, in order to verify against the displayed CTDI,,.

NOTE Providing a comprehensive description of how to measure CTD/, is meant to capture factors, such as the
X-RAY TUBE starting angle, to ensure accurate and reproducible values.

5.4.2 Test equipment

The dosimetry PHANTOM as defined in 203.108 of IEC 60601-2-44:2009 and IEC 60601-2-
44:2009/AMD1:2012 shall be used.

A RADIATION DETECTOR that conforms with IEC 61674 for CT use, or other CT regulatory
requirements, should be used.

5.4.3 Test procedure

For the tests described and performed in 5.4.3, if the MANUFACTURER's typical Adult and
Paediatric Head or Body PROTOCOL ELEMENT is helical, then the helical PROTOCOL ELEMENT
shall be converted to an axial PROTOCOL ELEMENT using a beam collimation (N x T) as close to
the helical PROTOCOL ELEMENT'S beam collimation as possible. The other CT CONDITIONS OF
OPERATION shall remain as close as possible to the helical PROTOCOL ELEMENT'S CT
CONDITIONS OF OPERATION, as described in the ACCOMPANYING DOCUMENTS. If a PROTOCOL
ELEMENT is modified as described above, they shall continue to be referred to as "typical" for
use in 5.4.3.

For measuring CTD/y and CTDl¢ g i the typical CT CONDITIONS OF OPERATION for each scan
shall be reflective of the actual scan field of view that is used clinically, without regard to the
size of the dosimetry PHANTOM being scanned.

The CTDI 3o measurements that use the CTDI dosimetry PHANTOM shall use the 320 mm
diameter PHANTOM for all body protocols and the 160 mm diameter PHANTOM for all head
protocols.

For ACCEPTANCE TEST, the following dose measurements and calculations shall be performed
as described in the ACCOMPANYING DOCUMENTS:

e CTDI, for the typical Adult Head and Adult Body CT CONDITIONS OF OPERATION;

e CTDI, for the typical Paediatric head and Paediatric Body CT CONDITIONS OF OPERATION;

o CTDl e i at all nominal beam collimations (all other CT CONDITIONS OF OPERATION shall
be maintained as close as possible to the typical Adult Body CT CONDITIONS OF OPERATION,
as described in the ACCOMPANYING DOCUMENTS; see Table 1 below);

o CTDl; e 4ir at all selectable tube potential settings (all other CT CONDITIONS OF OPERATION
shall be maintained as close as possible to the typical Adult Body CT CONDITIONS OF
OPERATION, as described in the ACCOMPANYING DOCUMENTS; see Table 1 below);
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e  CTDlqq ,ir at the typical Adult Head CT CONDITIONS OF OPERATION.
e CTDlgeg 4ir at the typical Paediatric Head CT CONDITIONS OF OPERATION.
o CTDls e gir at the typical Paediatric Body CT CONDITIONS OF OPERATION.

Only one measurement is required for any given (N x T).

The CTDI oo for a N x T > 40 mm cannot directly be measured (see IEC 60601-2-44:2009 and
IEC 60601-2-44:2009/AMD1:2012, 201.3.203). It shall be calculated from the CTDlf ¢ 4, for
that N x T together with the CTDI 5y and CTDI; e 4 for a reference collimation of 20 mm or
the largest N x T available not greater than 20 mm.

Helical scan dose values can be obtained from the axial dose measurements (CTDI/,) using
the definition of CTDI, . The CTDI, values used for helical dose determination shall be
obtained using the same beam collimation, or a beam collimation as close as possible, as for
the axial CT CONDITIONS OF OPERATION.

NOTE 1 While CTDI ., air is relatively more sensitive than CTDI,, to the constancy of CT SCANNER RADIATION
OUTPUT at the ISOCENTRE, CTDIfree air is not at all sensitive to the off-center effects of the shaped filters that are
reflected in the peripheral-dose contributions to CTDI,.

NOTE 2 Nominal beam collimation is equal to N x T, where N is the number of TOMOGRAPHIC SECTIONS produced
in a single axial scan and T is the NOMINAL TOMOGRAPHIC SECTION THICKNESS.

NOTE 3 An alternative method to measure CTD/ . .. is based on the measurement of the DOSE PROFILE and
integration of the profile over the desired range. The DOSE PROFILE can be measured with A RADIATION DETECTOR
that fulfils IEC 61674, for example with a small dosimeter, uniformly translated through the ISOCENTRE using a
helical scan protocol. See Annex B.

NOTE 4 CT SCANNERS that were designed in accordance with [EC 60601-2-44 editions prior to
IEC 60601-2-44:2009, |IEC 60601-2-44:2009/AMD1:2012 and I|EC 60601-2-44:2009/AMD2:2016 will have the
CTDI , on the display determined by the edition of IEC 60601-2-44 to which it was designed. Consult the
ACCOMPANYING DOCUMENTS for additional information.

NOTE 5 Some CT SCANNERS that were designed in accordance with IEC 60601-2-44 editions prior to IEC 60601-
2-44:2009, IEC 60601-2-44:2009/AMD1:2012 and IEC 60601-2-44:2009/AMD2:2016 will have the Paediatric Body
CTDI,, on the display determined with the 160 mm CTD/ dosimetry PHANTOM. Consult the ACCOMPANYING
DOCUMENTS for additional information.

Table 1 — Test pattern for CTDI;, .. ,i. for Adult Body PROTOCOL ELEMENTS

Variation of the nominal beam collimation (N x T)
Variation of It“be Collimation 1 | Collimation 2 | Collimation 3 | Collimation 4 | Collimation 5
potentia (typical Adult
Body)

kV 1 Yes
kV 2
(typical Adult Body) Yes Yes Yes Yes Yes
kV 3 Yes

In addition to the test cases identified in Table 1, the CTDI; ., 4 shall also be tested using
the kV and collimation for the typical Adult Head, typical Paediatric Head, and Typical
Paediatric Body PROTOCOL ELEMENTS.

544 Data evaluation

The doses shall be determined by measuring the CTD/, and CTDl; ., , values, required
above.

NOTE It is understood that CTDI,, is not directly measured, rather it is calculated using the CTDI/,,, values
measured in the dosimetry PHANTOM for ACCEPTANCE TEST and CONSTANCY TEST. However, for clarity in 5.4.4, the
CTDl,, obtained from ACCEPTANCE and/or CONSTANCY TEST results will be referred to as MEASURED VA Ocuments
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The measured CTDIl\, and CTDl; . 4 values shall be compared to the specifications of their
nominal values in the ACCOMPANYING DOCUMENTS.

The CTDI\,o shall be evaluated for four test cases as follows:

e the CTDlg value obtained for the typical Adult Body CT CONDITIONS OF OPERATION;
e the CTDIl\,o_ value obtained for the typical Adult Head CT CONDITIONS OF OPERATION;
e the CTDl\ value obtained for the typical Paediatric Head CT CONDITIONS OF OPERATION;
e the CTDI/\,o value obtained for the typical Paediatric Body CT CONDITIONS OF OPERATION.

The CTDl,g. shall be calculated for the typical Adult and Paediatric Head and typical Adult
and Paediatric Body CT CONDITIONS OF OPERATIONS using the measured CTD/,. The
calculated CTDlyqo, values shall be compared to the CTD/,g_ values displayed on the
CONTROL PANEL for each of the four test cases.

5.4.5 Criteria to be applied

The calculated CTD/,q values shall not deviate by more than +20 % or =1 mGy, whichever is
larger, from the CTD/\,o_ values displayed on the CONTROL PANEL.

The measured CTDly and CTDlqee ,ir Values shall not deviate by more than their stated
values and tolerances as SPECIFIED in the ACCOMPANYING DOCUMENTS.

5.4.6 Constancy testing
5.4.6.1 Additional criteria

For constancy testing, the measured CTDl . ,ir Values or the measured CTDI\y, values shall
be compared to the BASELINE VALUES.

The MEASURED VALUES of CTDlg.e 4 Shall not deviate by more than +20 % or £1 mGy,
whichever is larger, from the BASELINE VALUES.

The MEASURED VALUES of CTDI, shall not deviate by more than 20 % or +1 mGy, whichever
is larger, from the BASELINE VALUES.

Additionally, the ACCEPTANCE TEST criteria of 5.4.5 shall be applied.

NOTE 1 While CTDI ., air is relatively more sensitive than CTDI, to the constancy of CT SCANNER RADIATION
OUTPUT at the ISOCENTRE, CTD/ . ... is not at all sensitive to the off-centre effects of the shaped filters that are
reflected in the peripheral-DOSE contributions to CTDI,,,.

NOTE 2 The calibration tolerance of the RADIATION DETECTORS can result in the MEASURED VALUES being greater
than the stated tolerance. The accuracy of typical RADIATION DETECTOR is £5 %; it is possible it does not include the
error due to energy dependence of the RADIATION DETECTOR.

The RADIATION OUTPUT of the X-RAY TUBE typically decreases over time. MANUFACTURERS may
have RADIATION OUTPUT (CTDlqq air» CTDIy, CTDl,q ) tolerances that are greater than —20 %
to account for this. If a greater than 20 % decrease of CTDI., 5 or CTDly, as compared to
their BASELINE VALUES, is confirmed during a CONSTANCY TEST, the CONSTANCY TEST is failed.
The QUALITY ASSURANCE PROGRAMME should be followed to determine the cause(s) of the
decreased RADIATION OUTPUT measurement and other actions to be taken (see Annex F). The
potential causes for the decrease in RADIATION OUTPUT are not limited to the X-RAY TUBE itself
(e.g. X-RAY GENERATOR performance).

If, after investigation, the decreased RADIATION OUTPUT is attributable to expected changes
during the life of the X-RAY TUBE, but the RADIATION OUTPUT remains within the
MANUFACTURER'S specification, it shall not be required for components of the X-ray subsystem,
such as the X-RAY TUBE, to be replaced by the MANUFACTURER, and hence si3ibctipmaents
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considered a failed component. Additionally, new BASELINE VALUES should be established
using the new testing results.

EXAMPLE A MANUFACTURER specifies in the ACCOMPANYING DOCUMENTS a nominal value of RADIATION OUTPUT,
specifically CTDI; . .., With a tolerance of 20 %. During ACCEPTANCE TEST, the BASELINE VALUE of CTDI . . is
determined to be 5 % larger than the nominal value of CTDI_ ... in the ACCOMPANYING DOCUMENTS. Then, during
CONSTANCY TEST, the CTDI, . ., is measured to be 16 % smaller than its nominal value, and hence 21 % less that
the BASELINE VALUE. Here, the CONSTANCY TEST is failed because the CTDI; . ., measurement is greater than 20 %
lower that the BASELINE VALUE. However, the system's radiation output, specifically CTDI remains within its
+20 % tolerance.

free air’

5.4.6.2 Frequency of testing

The dose shall be measured and evaluated at least annually. In addition, the BASELINE VALUES
shall be re-established and evaluated according to 5.4.3, 5.4.4, and 5.4.5 after any MAJOR
SERVICE ACTION.

5.4.6.3 Action to be taken

Since the positioning of the TEST DEVICE and the calibration of the RADIATION DETECTOR may
have a significant influence on the measurement results, the measurements should first be
repeated after repositioning the TEST DEVICE.

A second RADIATION DETECTOR meeting the specifications in 5.4.2 may also be used to verify
the integrity of the measurement equipment.

If the measured or measurement values do not fulfil the criterion given in 5.4.5, appropriate
action shall be taken per the facility's QUALITY ASSURANCE PROGRAMME.

Guidance on action to be taken is given in Annex F.

5.5 MEAN CT NUMBER, magnitude of NOISE, and UNIFORMITY
5.5.1 Summary

MEeAN CT NUMBER and the magnitude of NOISE shall be evaluated by determining the mean of
CT NUMBER and standard deviation from a REGION OF INTEREST placed in the centre of the
displayed image of a uniform TEST DEVICE.

The UNIFORMITY shall be evaluated by calculating the absolute difference of the MEAN CT
NUMBERS from REGIONS OF INTEREST placed at different positions in the image of a uniform
TEST DEVICE.

MEAN CT NUMBER, the magnitude of NOISE and the UNIFORMITY shall be evaluated for CT
CONDITIONS OF OPERATION each representing the following typical PROTOCOL ELEMENTS, using
either axial or helical scans:

e Adult Head;
e Adult Body;
e Paediatric Head;

o Paediatric Body.

The CT CONDITIONS OF OPERATION of these PROTOCOL ELEMENTS shall be SPECIFIED in the
ACCOMPANYING DOCUMENTS.

As an aid, Annex J (informative) contains a table summarizing the ACCEPTANCE and
CONSTANCY TESTS, related to MEAN CT NUMBER, magnitude of NOISE, and UNIFORMITY.
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5.5.2 Test equipment
Two cylindrical PHANTOMS of SPECIFIED size, containing a uniform medium, shall be used:

e a PHANTOM, in 5.5.2 named "Small PHANTOM", with an outside diameter of 16 cm to 20 cm
and a total ATTENUATION equivalent to at least 16 cm of water;

e a PHANTOM, in 5.5.2 named "Large PHANTOM", with an outside diameter of 30 cm to 35 cm
and a total ATTENUATION equivalent to at least 30 cm of water.

In the case where the MANUFACTURER'S image quality PHANTOM provided for quality assurance
testing is not a water-filled PHANTOM, this PHANTOM shall be described in the ACCOMPANYING
DOCUMENTS and may be used for either the Small PHANTOM or Large PHANTOM, whichever one
best matches its total ATTENUATION.

In order to compare MEASURED VALUES TO MANUFACTURER tolerances, the PHANTOMS and CT
CONDITIONS OF OPERATION SPECIFIED in the ACCOMPANYING DOCUMENTS shall be used.

The PHANTOMS shall be sufficiently long to ensure that the measurements are not adversely
affected by direct IRRADIATION of, or scatter radiation from, other objects within the PHANTOMS.

To accommodate minor variations from the preceding PHANTOM specifications, the preceding
PHANTOM specifications shall apply unless otherwise stated in the ACCOMPANYING DOCUMENTS.

For constancy testing, only the Small PHANTOM is necessary, however the Large PHANTOM
may can optionally be used.

NOTE 1 For the purpose of evaluating image quality, the total ATTENUATION of a 16 cm water PHANTOM reasonably
models that of a body of an average sized 5 year old. Additionally, this PHANTOM is a reasonable model of a head
of a paediatric PATIENT greater than 5 years old.

NOTE 2 The results of the measurements will vary with actual dimensions and the material of the PHANTOM.
NOTE 3 An example of a minor variation that could be accommodated would be a situation where the water inside

of the PHANTOM has an outer diameter equal to the maximum value given above, but the PHANTOM'S outside
diameter is slightly larger due to the PHANTOM'S shell.

5.5.3 Test procedure

The PHANTOM shall be positioned at the ISOCENTRE of the gantry and aligned with the gantry
axis of rotation, using a support that enables a position of the PHANTOM appropriate for the CT
CONDITIONS OF OPERATIONS. The position of the PHANTOM shall be described and recorded so
that the test can be reproduced in future CONSTANCY TESTS.

The support of the PHANTOM, for example the PATIENT TABLE, the head holder or a dedicated
PHANTOM holder shall be SPECIFIED by the MANUFACTURER in the ACCOMPANYING DOCUMENTS.

The PHANTOM shall be scanned with CT CONDITIONS OF OPERATION according to the
ACCOMPANYING DOCUMENTS. All relevant scanning parameters (such as scan mode (i.e. helical
or axial), TUBE VOLTAGE, TUBE CURRENT, collimation of the X-ray beam, reconstruction type and
associated settings) shall be noted and recorded. The smallest linear dimension of the
reconstructed field of view shall not exceed 130 % of the diameter of the PHANTOM.

5.5.4 Scan conditions
5.5.4.1 Scan conditions for the ACCEPTANCE TESTS

For ACCEPTANCE TEST, the PROTOCOL ELEMENTS as described in 5.5.1 shall be used to scan the
PHANTOM identified for it in Table 2 below, and the images reconstructed.
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Table 2 — Combination of PROTOCOL ELEMENTS
and PHANTOMS used for ACCEPTANCE TEST scans

Protocol element

PHANTOM

Adult Head

Small PHANTOM

Adult Body

Large PHANTOM ©

Paediatric Head

Small PHANTOM

Paediatric Body

Small PHANTOM

Adult Body using all kVs @

Small or Large PHANTOM

Paediatric Body using all kVs °

Small PHANTOM

a

The CT CONDITIONS OF OPERATION for the typical Adult Body PROTOCOL ELEMENT shall be used to repeatedly
scan and reconstruct images of the chosen PHANTOM, varying the TUBE VOLTAGE across all selectable TUBE
VOLTAGES, as described in the ACCOMPANYING DOCUMENTS. The TUBE CURRENT and rotation speed may be
adjusted to maintain CTDI  across the voltage selections. Either the Small PHANTOM or the Large PHANTOM
may be used for this series of scans.

The CT CONDITIONS OF OPERATION for the typical Paediatric Body PROTOCOL ELEMENT shall be used to
repeatedly scan and reconstruct images of the Small PHANTOM varying the TUBE VOLTAGE across all
selectable TUBE VOLTAGES, as described in the ACCOMPANYING DOCUMENTS. The TUBE CURRENT and rotation
speed may be adjusted to maintain CTDI/  across the voltage selections.

For ACCEPTANCE TEST, the Adult Body PROTOCOL ELEMENT shall be used to scan the Large PHANTOM and the
reconstructed images used for the ACCEPTANCE TEST data evaluation. However, for CONSTANCY TEST, the user may scan
either the Small PHANTOM or the Large PHANTOM with the Adult Body PROTOCOL ELEMENT. If the user intends to scan the
Small PHANTOM with the Adult Body PROTOCOL ELEMENT for their future CONSTANCY TEST, then at the time of the
ACCEPTANCE TEST, the Small PHANTOM shall be scanned using the Adult Body PROTOCOL ELEMENT, the images
reconstructed, and the data evaluation performed in order generate the BASELINE VALUES for the future CONSTANCY TEST.
These BASELINE VALUES shall not be used for ACCEPTANCE TEST purposes. However, the BASELINE VALUES shall
be verified to be in accordance with the nominal values and the tolerances SPECIFIED in the ACCOMPANYING
DOCUMENTS.

NOTE Maintain CTDI,, as close as reasonably achievable.

5.5.4.2

Scan conditions for the CONSTANCY TESTS

For CONSTANCY TEST, the PROTOCOL ELEMENTS as described in 5.5.1 shall be used to scan the
PHANTOM identified for it in Table 3 below, and the images reconstructed.

Table 3 — Combination of PROTOCOL ELEMENTS and PHANTOMS
used for CONSTANCY TEST scans

Protocol element

PHANTOM

Adult Head

Small PHANTOM

Adult Body

Small or Large PHANTOM 2

Paediatric Head

Small PHANTOM

Paediatric Body

Small PHANTOM

Adult Body using four kVs °

Small or Large PHANTOM

Paediatric Body using the two lowest kVs ©

Small PHANTOM

a8 The CT CONDITIONS OF OPERATION for the typical Adult Body PROTOCOL ELEMENT shall be used to scan and

reconstruct images of either the Small PHANTOM or the Large PHANTOM for the CONSTANCY TEST, as
described in the ACCOMPANYING DOCUMENTS.

For the CONSTANCY TESTS, a minimum of four TUBE VOLTAGES (the lowest, highest, and two intermediate) shall
be used to scan in conjunction with the Adult Body PROTOCOL ELEMENT, and the images reconstructed, as
described in the ACCOMPANYING DOCUMENTS. However, if the CT SCANNER has less than four selectable TUBE
VOLTAGES, the CONSTANCY TEST shall be performed using only the available TUBE VOLTAGES. Either the Small
PHANTOM or the Large PHANTOM may be used for this series of scans.

For the CONSTANCY TESTS, only the two lowest TUBE VOLTAGES (associated with the typical Paediatric Body
PROTOCOL ELEMENT) shall be used to scan the Small PHANTOM in conjunction with the typical Paediatric Body
PROTOCOL ELEMENT, and the images reconstructed, as described in the ACCOMPANYING DOCUMENTS.
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5.5.4.3 Use of filtered back projection

In order to maintain the relationship between CT hardware performance and NOISE, the image
used to evaluate the NOISE shall be reconstructed using a filtered back projection
reconstruction. If filtered back projection is not available, methods to be used shall be
described in the ACCOMPANYING DOCUMENTS.

NOTE Non-linear reconstruction algorithms (e.g. iterative reconstruction) can decouple the traditional
relationship, based on photon statistics, between NOISE and X-ray beam output. Therefore, non-linear
reconstruction can mask the effects of hardware malfunctions or degradation, such as anode deterioration, on
NOISE measurements.

5.5.4.4 Data evaluation

If an axial scan is used for the acquisition, the MEAN CT NUMBER, UNIFORMITY, and magnitude
of NOISE shall be evaluated for each image reconstructed from a single axial scan as
described in the ACCOMPANYING DOCUMENTS.

If a helical scan is used for the acquisition, the MEAN CT NUMBER, UNIFORMITY, and magnitude
of NOISE shall be evaluated for an image near the centre of the PHANTOM. The image location
shall be SPECIFIED in the ACCOMPANYING DOCUMENTS and be used for CONSTANCY TEST.

All axial or helical reconstructed images for evaluation shall be visually or computationally
inspected for artefacts (e.g. rings or streaks), and apparent non-uniformities in CT NUMBERS
across the image. If an inspection results in questionable image quality, an independent
review of the image(s) and results shall be performed. If a visible image quality concern
remains, action shall be initiated as SPECIFIED in the facility's QUALITY ASSURANCE PROGRAMME.
See Annex F for guidance on action to be taken.

Select REGIONS OF INTEREST located at the centre of the images to be evaluated and sized as
described below. Determine and record the magnitude of NOISE and MEAN CT NUMBER in each
of the appropriately sized REGIONS OF INTEREST according to the criteria below, and as
described in the ACCOMPANYING DOCUMENTS.

Determine and record the MEAN CT NUMBER in appropriately sized REGIONS OF INTEREST
located at four equally spaced peripheral positions, with the outer edge of the REGIONS OF
INTEREST being at a distance SPECIFIED in the ACCOMPANYING DOCUMENTS from the outer edge
of the uniform region of the PHANTOM. The recommended distance is 1 cm. These positions
shall be selected at reproducible positions (e.g. corresponding to the 3, 6, 9 and 12 o'clock
positions).

The sizing of the REGION OF INTEREST shall be determined according to the following criteria:

o for the measurements of MEAN CT NUMBERS, the area of the REGION OF INTEREST shall be
equivalent to approximately the area of circular region of 10 % of the diameter of the
PHANTOM, except for cases using the Small PHANTOM with a Paediatric PROTOCOL ELEMENT
where the area of the REGION OF INTEREST shall be equivalent to approximately the area of
a circular region of 20 % of the diameter of the PHANTOM;

o for the measurements of the magnitude of NOISE, the area of the REGION OF INTEREST shall
be equivalent to approximately the area of circular region of 40 % of the diameter of the
PHANTOM and centred;

e the REGION OF INTEREST for measurements of MEAN CT NUMBERS in the centre of the image
shall not overlap a REGION OF INTEREST for measurements of MEAN CT NUMBERS near the
edge of the PHANTOM.

The magnitude of the NOISE as measured by the standard deviation of the CT NUMBERS in the

central REGION OF INTEREST shall be compared with the SPECIFIED values given in the
ACCOMPANYING DOCUMENTS.
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The MEAN CT NUMBER of the central REGION OF INTEREST shall be compared with the SPECIFIED
values given in the ACCOMPANYING DOCUMENTS.

Four UNIFORMITY values shall be determined by calculating the absolute values of the
difference between the MEAN CT NUMBER of the REGION OF INTEREST in the central position and
those in each of the four peripheral positions. The maximum of these four UNIFORMITY values
shall be compared to the given specification in the ACCOMPANYING DOCUMENTS.

All MEASURED VALUES from ACCEPTANCE TEST and CONSTANCY TEST shall be recorded.
MEASURED VALUES from ACCEPTANCE TESTS may be used to establish the BASELINE for future
CONSTANCY TESTS.

NOTE The measured MEAN CT NUMBERS obtained from a scan using the Paediatric Body PROTOCOL ELEMENT can
have high statistical fluctuations that can be a result of the low dose exposure. A larger REGION OF INTEREST can be
necessary to obtain stable results.

5.5.5 Criteria to be applied for ACCEPTANCE TEST

Annex | (informative) provides an overview of the criteria for both ACCEPTANCE TEST and
CONSTANCY TESTING related to MEAN CT NUMBER, magnitude of NOISE, and UNIFORMITY.

All MEASURED VALUES shall be recorded and may be used to establish the BASELINE VALUES for
future CONSTANCY TESTS, except as noted in 5.5.5.

NoISE

The MEASURED VALUE of the magnitude of the NOISE for all ACCEPTANCE TESTS shall not deviate
from the SPECIFIED value in the ACCOMPANYING DOCUMENTS by more than +15 % or +0,75
Hounsfield units, whichever is larger.

MEAN CT NUMBER

If a uniform PHANTOM SPECIFIED in 5.5.2 is a water-filled PHANTOM, the nominal value of the
MEAN CT NUMBER is zero for all REGIONS OF INTEREST, and the MEAN CT NUMBER of the central
REGION OF INTEREST shall not deviate from its nominal value by more than

e +4 Hounsfield units for images from scans of the Small PHANTOM using the Adult Head
PROTOCOL ELEMENT,

e +6 Hounsfield units for images from scans of the Large PHANTOM using the Adult Body
PROTOCOL ELEMENT,

e +4 Hounsfield units for images from scans of the Small PHANTOM using the Paediatric
Head PROTOCOL ELEMENT,

e +4 Hounsfield units for images from scans of the Small PHANTOM using the Paediatric
Body PROTOCOL ELEMENT,

e 16 Hounsfield units for images from scans of the Small or Large PHANTOM using the Adult
Body PROTOCOL ELEMENTS with varied TUBE VOLTAGE, and

e 16 Hounsfield units for images from the Small PHANTOM using the Paediatric Body
PROTOCOL ELEMENTS with varied TUBE VOLTAGE.

If a uniform PHANTOM SPECIFIED in 5.5.2 is not water-filled, the nominal MEAN CT NUMBER and
its maximum deviation shall be SPECIFIED in the ACCOMPANYING DOCUMENTS for all tests, and
the testing performed to verify meeting these alternate criteria. Additionally, if a water filled
PHANTOM meeting the criteria in 5.5.2 is used instead of the MANUFACTURER'S non-water image
quality PHANTOM, then the MEAN CT NUMBER shall meet the water-filled PHANTOM criteria.
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UNIFORMITY

If a uniform PHANTOM SPECIFIED in 5.5.2 is a water-filled PHANTOM,

e the UNIFORMITY values of images for all Adult Head PROTOCOL ELEMENTS and all Paediatric
Head and Paediatric Body PROTOCOL ELEMENTS shall not be greater than 4 Hounsfield
units,

e the UNIFORMITY values of images for all Adult Body PROTOCOL ELEMENTS PROTOCOL
ELEMENTS (including those with and without variation of TUBE VOLTAGE) shall not be greater
than 8 Hounsfield units, and

e the UNIFORMITY values of images for all Paediatric Body PROTOCOL ELEMENTS with variation
of TUBE VOLTAGE shall not be greater than 8 Hounsfield units.

If a uniform PHANTOM SPECIFIED in 5.5.2 is not a water-filled PHANTOM, the UNIFORMITY and its
maximum deviation shall be SPECIFIED in the ACCOMPANYING DOCUMENTS for all tests, and the
testing performed to verify meeting these alternate criteria. Additionally, if a water-filled
PHANTOM meeting the criteria in 5.5.2 is used instead of the MANUFACTURER'S non-water image
quality PHANTOM, then the UNIFORMITY values shall meet the water-filled PHANTOM criteria.

5.5.6 Criteria to be applied for CONSTANCY TESTS
5.5.6.1 Additional criteria

All MEASURED VALUES shall be recorded.
NoOISE

For the images resulting from the scans using the Adult Head, Adult Body, Paediatric Head,
and Paediatric Body PROTOCOL ELEMENTS, the value of the magnitude of NOISE shall not
deviate from the BASELINE VALUE by more than +10 % or +0,5 Hounsfield units, whichever is
larger.

Additionally, the ACCEPTANCE TEST criteria for the value of the magnitude of NOISE, for the
images evaluated, shall be applied.

For CONSTANCY TEST, none of the images from any of the scans using both the Adult Body
PROTOCOL ELEMENT with varied TUBE VOLTAGE, and the Paediatric Body PROTOCOL ELEMENT
with varied TUBE VOLTAGE need to be evaluated for the magnitude of NOISE, and therefore also
not for UNIFORMITY.

See 5.4.6.1 regarding that the RADIATION OUTPUT over the life of the X-RAY TUBE can be
expected to decrease with increasing use of the X-RAY TUBE. This reduction in RADIATION
OUTPUT will also be measured as an increase in image NOISE. For this condition, if the image
NOISE remains within its specification, the CT SCANNER can be assumed to maintain its clinical
utility.

If, after investigation, the cause of the increased image NOISE is attributable the reduced

RADIATION OUTPUT due to expected changes due to X-RAY TUBE aging, new BASELINE VALUES
should be established using the new testing results.

MEAN CT NUMBER

The MEAN CT NUMBER of the central REGION OF INTEREST shall not deviate from the BASELINE
VALUES by more than

e 15 Hounsfield units for images from scans of the Small PHANTOM using the Adult Head

PROTOCOL ELEMENT,
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e +7 Hounsfield units for images from scans of the Large PHANTOM using the Adult Body
PROTOCOL ELEMENT,

e +5 Hounsfield units for images from scans of the Small PHANTOM using the Paediatric
Head PROTOCOL ELEMENT,

e +5 Hounsfield units for images from scans of the Small PHANTOM using the Paediatric
Body PROTOCOL ELEMENT,

e 17 Hounsfield units for images from scans of the Small or Large PHANTOM using the Adult
Body PROTOCOL ELEMENTS with varied TUBE VOLTAGE, and

e +7 Hounsfield units for images from the Small PHANTOM using the Paediatric Body
PROTOCOL ELEMENTS with varied TUBE VOLTAGE.

Additionally, the ACCEPTANCE TEST criteria for MEAN CT NUMBER shall be applied.

NOTE The same constancy criteria for the MEAN CT NUMBER is applied to both water filled and non-water filled
PHANTOMS.

UNIFORMITY

For CONSTANCY TEST, none of the images from any of the scans using both the Adult Body
PROTOCOL ELEMENT with varied TUBE VOLTAGE, and the Paediatric Body PROTOCOL ELEMENT
with varied TUBE VOLTAGE need to be evaluated for the magnitude of NOISE, and therefore they
also do not need to be evaluated for UNIFORMITY.

If the TEST DEVICE in 5.5.2 is a water-filled PHANTOM,

o for images resulting from scans using the Adult Head and Adult Body using the Small
PHANTOM and the Paediatric Head and Paediatric Body PROTOCOL ELEMENTS, the
UNIFORMITY values shall not be greater than 4 Hounsfield units, and

o for images resulting from the scans using the Adult Body PROTOCOL ELEMENT and the Large
PHANTOM, the UNIFORMITY values shall not be greater than 8 Hounsfield units.

If the uniform PHANTOM SPECIFIED in 5.5.2 is not a water-filled PHANTOM, the UNIFORMITY and its
maximum deviation shall be SPECIFIED in the ACCOMPANYING DOCUMENTS for all tests, and the
testing performed to verify meeting these alternate criteria. Additionally, if a water filled
PHANTOM meeting the criteria in 5.5.2 is used instead of the MANUFACTURER'S non-water image
quality PHANTOM, then the UNIFORMITY values shall meet the water-filled PHANTOM criteria.

5.5.6.2 Frequency of testing

At least annually, the entire ACCEPTANCE TEST procedure defined in 5.5.3 and 5.5.4 shall be
performed and evaluated for the CONSTANCY TEST.

At least monthly, the typical Adult Head PROTOCOL ELEMENT shall be used to scan and
reconstruct images of the PHANTOM in 5.5.3 and the magnitude of NOISE and MEAN CT NUMBER
shall be evaluated per 5.5.4 for at least one central image and apply the corresponding
criteria from 5.5.6.1. Additionally, the artefact inspection described in 5.5.4.4 shall be
performed using these images.

5.5.6.3 Action to be taken

Guidance on action to be taken is given in Annex F.

NOTE An otherwise unexplained decrease in magnitude of NOISE could occur because of an unnoticed increase in
dose.
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