INTERNATIONAL IEC
STANDARD 61675-1

First edition
1998-02

Radionuclide imaging devices —
Characteristics and test conditi

Part 1:
Positron emission tomogr

Dispositifs d’imagerie par ra@dionuglé
Caractéristiques et gonqh 'ose‘jess'

Reference number
IEC 61675-1:1998(E)



https://standards.iteh.ai/catalog/standards/iec/40e46892-55aa-4d38-ac80-2c4c58ee9171/iec-61675-1-1998

Numbering

As from 1 January 1997 all IEC publications are issued with a designation in the 60000 series.

Consolidated publications

Consolidated versions of some IEC publications including amendments are available. For example, edition
numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the base publication incorporating
amendment 1 and the base publication incorporating amendments 1 and 2.

Validity of this publication

The technical content of IEC publications is kept under constant review by the IEC, thus epsuring that the content

reflects current technology.

Information relating to the date of the reconfirmation of the publication is available i

Information on the revision work, the issue of revised editions and am
IEC National Committees and from the following IEC sources:

* |EC Bulletin

* |EC Yearbook
On-line access*

» Catalogue of IEC publications
Published yearly with regular updates
(On-line access)*

Terminology, graphical and letter
symbols


https://standards.iteh.ai/catalog/standards/iec/40e46892-55aa-4d38-ac80-2c4c58ee9171/iec-61675-1-1998

INTERNATIONAL IEC
STANDARD 61675-1

First edition
1998-02

Radionuclide imaging devices
Characteristics and test cond

Part 1:
Positron emission to

Partie 1:
Tomogr,

[J IEC 1998 Droits de reproduction réservés [0 Copyright - all rights reserved

Aucune partie de cette publication ne peut étre reproduite ni No part of this publication may be reproduced or utilized in
utilisée sous quelque forme que ce soit et par aucun any form or by any means, electronic or mechanical,

procédé, électronique ou mécanique, y compris la photo- including photocopying and microfilm, without permission in
copie et les microfilms, sans I'accord écrit de I'éditeur. writing from the publisher.

International Electrotechnical Commission 3, rue de Varembé Geneva, Switzerland
Telefax: +41 22 919 0300 e-mail: inmail@iec.ch IEC web site http: //www.iec.ch

Commission Electrotechnique Internationale CODE PRIX W
International Electrotechnical Commission PRICE CODE

MewayHapoaHaa OnekrpotexHuueckas Komuccua ) ) :
Pour prix, voir catalogue en vigueur

@ For price, see current catalogue



https://standards.iteh.ai/catalog/standards/iec/40e46892-55aa-4d38-ac80-2c4c58ee9171/iec-61675-1-1998

—2- 61675-1 © IEC:1998(E)

CONTENTS

FOREWORD ..ttt ettt ettt e e

Clause

1

GBNEIAL et
1.1 SCOPE AN ODJECT ..t e

1.2 NOIMAtiVE FEIEIENCE .vieiii e

Terminology and definitions
Test MethodS. ... K A D

3.1 SPATIAL RESOLUTION ituiuitiiiiiieneieeeeneineneeeneeeneeneeneneene e e N e N e )
3.2 RECOVERY COEFFICIENT
3.3 Tomographic sensitivity.........cccoccoveiiiiiniineen,
3.4 Uniformity ....oooooviiieee fe
3.5 COUNT RATE CHARACTERISTIC
3.6 Scatter measurement...........{ ... N
3.7 ATTENUATION correction
ACCOMPANYING DOCUMENTS ...ovueini i e e

Figures

1 Cylindrical k

2 Cross-section of

3 Arm phantong...\.\

4  Phantomti

5 Pha

6 Pha

7 Phantom ceafiguration for COUNT RATE measurements according to 3.5.3.1.2
(o= T go [E- Tl Tt g FoTo ] o T ) PP PPPPP

8 Scheme of the evaluation of COUNT LOSS COMfECHION ......ccuivuiiiiiieicie e

9  Evaluation of ATTENUATION COMTECHION . .uuuinit it e e

10 Evaluation of SCATTER FRACTION iiuuttuitt et eei et e et e et e et e e e et e et e et e et e et e et e et e e eeenns

11 EVAlU@tioN OF FWHM oo e et e e e e e e e e

12 Evaluation of EQUIVALENT WIDTH (EW) tiiuueiuuiiieiieeieeieeieeiee e eeetee e e etne et e e tne et e e e eenns

Annex A (informative) Index of defined terms.........cooiiiiiiiii

N

10
10
13
14
16
16
19
21
23

25

26
27
27
28
29
30

31
31
32
32
33
34

35


https://standards.iteh.ai/catalog/standards/iec/40e46892-55aa-4d38-ac80-2c4c58ee9171/iec-61675-1-1998

61675-1 © IEC:1998(E) ~3-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIONUCLIDE IMAGING DEVICES —
CHARACTERISTICS AND TEST CONDITIONS —

Part 1: Positron emission tomographs

FOREWORD
1) The IEC (International Electrotechnical Commission) is a worldwide organization fg i 8N comprising
all national electrotechnical committees (IEC National Committees). The objé e is %o _promote
international co-operation on all questions concerning standardization in the e elds. To
this end and in addition to other activities, the IEC publishes Internatiopn Thr prepération is
entrusted to technical committees; any IEC National Committee intergsted ealt with may
participate in this preparatory work. International, governmental and_no cgover nizations liaising
with the IEC also participate in this preparation. The IEC collaborateg/closel national Organization
for Standardization (ISO) in accordance with conditions determi € between the two

organizations.

2) The formal decisions or agreements of the IEC on techrical # s nearly as possible, an
i i ini j ince mittee has representation

3) dse and are published in the form
al Committees in that sense.
4) undertake to apply IEC International

heir national and regional standards. Any
ional or regional standard shall be clearly

FDIS Report on voting

62C/205/FDIS 62C/214/RVD

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

In this standard, the following print types are used:
— TERMS DEFINED IN CLAUSE 2 OF THIS STANDARD OR LISTED IN ANNEX A: SMALL CAPITALS.

The requirements are followed by specifications for the relevant tests.
Annex A is for information only.

A bilingual version of this standard may be issued at a later date.
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RADIONUCLIDE IMAGING DEVICES -
CHARACTERISTICS AND TEST CONDITIONS —

Part 1: Positron emission tomographs

1 General

1.1 Scope and object

This part of IEC 61675 specifies terminology and test methods for decla

DOCUMENTS shall be in accordance W|th th|s standard. T @ tandard daqeg’not imply which tests

O

The following normatiye decume aln igtens which, through reference in this text,
constitute provisions of i 5% he time of publication, the edition indicated
was valid. All norma c ect to revision, and parties to agreements based
on this part of @ investigate the possibility of applying the most
recent edition of indicated below. Members of IEC and ISO maintain

registers of curren

the following definitiohs apply.
Defined terms are printed in small capitals.
2.1 TOMOGRAPHY (see annex A)

2.1.1

TRANSVERSE TOMOGRAPHY

in TRANSVERSE TOMOGRAPHY the three-dimensional object is sliced by physical methods, for
example collimation, into a stack of OBJECT SLICES, which are considered as being two-
dimensional and independent from each other. The transverse IMAGE PLANES are perpendicular
to the SYSTEM AXIS.
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2.1.2

EMISSION COMPUTED TOMOGRAPHY (ECT)

imaging method for the representation of the spatial distribution of incorporated RADIONUCLIDES
in selected two-dimensional slices through the object

2.1.2.1

PROJECTION

transformation of a three-dimensional object into its two-dimensional image or of a two-
dimensional object into its one-dimensional image, by integrating the physical property which
determines the image along the direction of the PROJECTION BEAM

NOTE — This process is mathematically described by line integrals in the direction of projection (along the LINE OF
RESPONSE) and called Radon-transform.

2.1.2.2
PROJECTION BEAM

image is integrated during the measurement process. Its
RESOLUTION in all three dimensions.

NOTE — The PROJECTION BEAM mostly has the shape of a long thi
TOMOGRAPHY, it is the sensitive volume between two detector elemen

2.1.2.3
PROJECTION ANGLE
angle at which the PROJECTION is mea

2.1.2.4

SINOGRAM

two-dimensional display of s of an OBJECT SLICE, as a function
of the PROJECTION ANGLE. displayed on the ordinate, the linear

PROJECTION coordinate,is di

2.1.25
OBJECT SLICE < >
slice in the object

information, is disphay

that determines the measured

2.1.2.6
IMAGE PLANE

2.1.2.7
SYSTEM AXIS

axis of symmetry, characterized by geometrical and physical properties of the arrangement of
the system

NOTE — For a circular POSITRON EMISSION TOMOGRAPH, the SYSTEM AXIS is the axis through the centre of the detector
ring. For tomographs with rotating detectors it is the axis of rotation.

2.1.2.8

TOMOGRAPHIC VOLUME

juxtaposition of all volume elements which contribute to the measured PROJECTIONS for all
PROJECTION ANGLES
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2.1.2.8.1

TRANSVERSE FIELD OF VIEW

dimensions of a slice through the TOMOGRAPHIC VOLUME, perpendicular to the SYSTEM AXIS. For
a circular TRANSVERSE FIELD OF VIEW, it is described by its diameter

NOTE — For non-cylindrical TOMOGRAPHIC VOLUMES the TRANSVERSE FIELD OF VIEW may depend on the axial position
of the slice.

2.1.2.8.2

AXIAL FIELD OF VIEW

dimensions of a slice through the TOMOGRAPHIC VOLUME, parallel to and including the SYSTEM
AXIS. In practice, it is specified only by its axial dimension, given by the distance between the
centre of the outmost defined IMAGE PLANES plus the average of the measured AXIAL SLICE WIDTH

2.1.2.8.3
TOTAL FIELD OF VIEW
dimensions (three-dimensional) of the TOMOGRAPHIC VOLUME

2.1.3

POSITRON EMISSION TOMOGRAPHY (PET)
EMISSION COMPUTED TOMOGRAPHY utilizing the ANNIHI
RADIONUCLIDES by COINCIDENCE DETECTION

positron emitting

2.13.1

POSITRON EMISSION TOMOGRAPH
tomographic device, which detects
RADIONUCLIDES by COINCIDENCE DETECTIQAN

RADJATION of positron emitting

2.1.3.2
ANNIHILATION RADIATION

2.1.3.3
COINCIDENCE DET
a method which ¢

NOTE — The COINCID E betwe€n two opposing detector elements serves as an electronic collimation
to define the cqofrespending £ BEAM Or LINE OF RESPONSE (LOR), respectively.

2.1.3.4

time interval during whjch two detected photons are considered being simultaneous

2.1.3.5
LINE OF RESPONSE (LOR)
the axis of the PROJECTION BEAM

NOTE - In PET, it is the line connecting the centres of two opposing detector elements operated in coincidence.

2.1.3.6
TOTAL COINCIDENCES
sum of all coincidences detected

2.1.3.6.1

TRUE COINCIDENCE

result of COINCIDENCE DETECTION of two gamma events originating from the same positron
annihilation
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2.1.3.6.2

SCATTERED TRUE COINCIDENCE

TRUE COINCIDENCE where at least one participating photon was scattered before the
COINCIDENCE DETECTION

2.1.3.6.3
UNSCATTERED TRUE COINCIDENCE
the difference between TRUE COINCIDENCES and SCATTERED TRUE COINCIDENCES

2.1.3.6.4

RANDOM COINCIDENCE
result of COINCIDENCE DETECTION in which both participating photons emerge from different
positron annihilations

2.1.3.7
SINGLES RATE
COUNT RATE measured without COINCIDENCE DETECTION, but with €

2.1.4
Reconstruction

2.1.4.1

TWO-DIMENSIONAL RECONSTRUCTION

in TWO-DIMENSIONAL RECONSTRUCTIOX prior to reconstruction into

SINOGRAMS, which are the PROJECTIONNdata\of S i , which are considered being
c rEM AXIS. So, each event will be

assigned, in the axial direction, to(that transverse\slice passing the midpoint of the

corresponding LINE OF RESPONSE. An deviati etpendicularity to the SYSTEM AXIS is

ION, the LINES OF RESPONSE are not restricted to being

perpendicul STEM S. S0, a LINE OF RESPONSE may pass several transverse slices.
Consequgntil rse sliceg’ cannot be reconstructed independent of each other. Each slice
has to bre_re sted utijzing the full three-dimensional data set.

2.2
IMAGE MATRIX
arrangement of MATRIX ELEMENTS in a preferentially cartesian coordinate system

2.2.1

MATRIX ELEMENT

smallest unit of an IMAGE MATRIX, which is assigned in location and size to a certain volume
element of the object (VOXEL)

2.2.1.1
PIXEL
matrix element in a two-dimensional IMAGE MATRIX

2.2.1.2
TRIXEL
matrix element in a three-dimensional IMAGE MATRIX
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2.2.2

VOXEL

volume element in the object which is assigned to a MATRIX ELEMENT in the IMAGE MATRIX (two-
dimensional or three-dimensional). The dimensions of the VOXeEL are determined by the
dimensions of the corresponding MATRIX ELEMENT via the appropriate scale factors and by the
systems SPATIAL RESOLUTION in all three dimensions

2.3
POINT SPREAD FUNCTION (PSF)
scintigraphic image of a POINT SOURCE

2.3.1

PHYSICAL POINT SPREAD FUNCTION
for tomographs, a two-dimensional POINT SPREAD FUNCTION in planesg
PROJECTION BEAM at specified distances from the detector

NOTE — The PHYSICAL POINT SPREAD FUNCTION characterizes the purely physical (int e p
the tomographic device and is independent of for example sampling, image ree i 8 _processing. A
PROJECTION BEAM is characterized by the entirety of all PHYSICAL POINT SPREAR \ b ign of distance
along its axis.

2.3.2

AXIAL POINT SPREAD FUNCTION
profile passing through the peak of the PHYSICAL
the SYSTEM AXIS

2.3.3
TRANSVERSE POINT SPREAD FUNCTION
reconstructed two-dimensional POINT S

tomographic IMAGE PLANE

NOTE — In TOMOGRAPHY, the TRA an also be obtained from a LINE SOURCE located

parallel to the SYSTEM AXIS.

2.4
SPATIAL RESOLU
ability to concentraté

24.1
TRANSVERSE R
SPATIAL RESO

ribution in the image of a POINT SOURCE to a point

cted plane perpendicular to the SYSTEM AXIS

24.1.1
RADIAL RESOL
TRANSVERSE RESO
SYSTEM AXIS

ON along a line passing through the position of the source and the

24.1.2
TANGENTIAL RESOLUTION
TRANSVERSE RESOLUTION in the direction orthogonal to the direction of RADIAL RESOLUTION

24.2

AXIAL RESOLUTION

for tomographs with sufficiently fine axial sampling fulfilling the sampling theorem, SPATIAL
RESOLUTION along a line parallel to the SYSTEM AXIS

2.4.3
AXIAL SLICE WIDTH
for tomographs, the width of the AXIAL POINT SPREAD FUNCTION
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244

EQUIVALENT WIDTH (EW)

width of that rectangle, having the same area and the same height as the response function,
for example the POINT SPREAD FUNCTION

2.4.5
FULL WIDTH AT HALF MAXIMUM (FWHM)
(see annex A)

2.5

RECOVERY COEFFICIENT
measured (image) ACTIVITY concentration of an active volume divided by
concentration of that volume, neglecting ACTIVITY calibration factors

e true ACTIVITY

NOTE - For the actual measurement, the true ACTIVITY concentration is replace ed ACTIVITY

concentration in a large volume.

2.6
Tomographic sensitivity

2.6.1

SLICE SENSITIVITY
ratio of COUNT RATE as measured on the SIN
phantom

NOTE - In PET, the measured counts are num

2.6.1.1
NORMALIZED SLICE SENSITIVITY
SLICE SENSITIVITY divided By th S for that slice

2.6.2

VOLUME SENSITIVLFY
sum of the indiVSL

2.7

COUNT RATE CHARA se hex A)

2.7.1

COUNT LY

difference~g e ped COUNT RATE and TRUE COUNT RATE, which is caused by the finite

RESOLVING TI e\instrument
2.7.2

COUNT RATE

number of counts per unit of time

2.7.3
TRUE COUNT RATE (See annex A)

2.7.4

ADDRESS PILE UP

for imaging devices false address calculation of an artificial event which passes the PULSE
AMPLITUDE ANALYZER WINDOW, but is formed from two or more events by the PILE UP EFFECT

2.7.4.1

PILE UP EFFECT

false measurement of the pulse amplitude, due to the absorption of two or more gamma rays,
reaching the same radiation detector within the RESOLVING TIME
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2.8

SCATTER FRACTION (SF)

ratio between SCATTERED TRUE COINCIDENCES and the sum of SCATTERED plus UNSCATTERED
TRUE COINCIDENCES for a given experimental set-up

2.9
POINT SOURCE
RADIOACTIVE SOURCE approximating a &-function in all three dimensions

2.10

LINE SOURCE
straight RADIOACTIVE SOURCE approximating a o-function in two dimensions
(uniform) in the third dimension

being constant

3 Test methods

shall be reported in addition. The tomographic _colfi i e.g. erfergy thresholds, axial
acceptance angle, reconstruction algorj ding to the manufacturer’s

otherwise.

NOTE - For tomographs
performance estimate for he ce
entire AXIAL FIELD OF

detectors is not full i

3.1

A éater than 16,5 cm, this centring will only produce
\ the phantoms were d|sp|aced aX|aIIy in order to cover the

tissue scatter is present and limited statistics require the use of a smooth reconstruction filter,
the measured SPATIAL RESOLUTION provides a best-case comparison between tomographs,
indicating the highest achievable performance.

3.1.2 Purpose

The purpose of this measurement is to characterize the ability of the tomograph to recover
small objects by characterizing the width of the reconstructed TRANSVERSE POINT SPREAD
FUNCTIONS of radioactive POINT SOURCES or of extended LINE SOURCES placed perpendicular to
the direction of measurement. The width of the spread function is measured by the FULL WIDTH
AT HALF MAXIMUM (FWHM) and the EQUIVALENT WIDTH (EW).

To define how well objects can be reproduced in the axial direction, the AXIAL SLICE WIDTH
(commonly referred to as the slice thickness) is used. It is measured with a POINT SOURCE
which is stepped through the tomographs TRANSVERSE FIELD OF VIEW axially in small increments
and is characterized by the Ew and the FwWHM of the AXIAL POINT SPREAD FUNCTION for each
individual slice.
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