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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIONUCLIDE IMAGING DEVICES -
CHARACTERISTICS AND TEST CONDITIONS -

Part 1: Positron emission tomographs

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization
all national electrotechnical committees (IEC National Committees). The
international co-operation on all questions concerning standardization in the ele
this end and in addition to other activities, IEC publishes International 3ta
Technical Reports, Publicly Available Specifications (PAS) and Guides

in the subject dealt with may participate in this preparatory wgfrk.
governmental organizations liaising with the IEC also participate in thj

In order to promote intern
transparently to the maxim
between any IEC Publica
the latter.

IEC provides no marking proc
equipment decl

All users should ensu

approval and cannot be rendered responsible for any
Publication.

ors, employees, servants or agents including individual experts and
members of its té { C National Committees for any personal injury, property damage or

Attentiqn is mative references cited in this publication. Use of the referenced publications is
indispensa pplication of this publication.

Attention is.drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights.JIEC shal/hot be held responsible for identifying any or all such patent rights.

International Standard IEC 61675-1 has been prepared by subcommittee 62C: Equipment for
radiotherapy, nuclear medicine and radiation dosimetry, of IEC technical committee 62:
Electrical equipment in medical practice.

This consolidated version of IEC 61675-1 consists of the first edition (1998) [documents

62C/205/FDIS and 62C/214/RVD] and its amendment 1 (2008) [documents 62C/419/CDV and
62C/432/RVC].

The technical content is therefore identical to the base edition and its amendment and has
been prepared for user convenience.

It bears the edition number 1.1.

A

vertical line in the margin shows where the base publication has been modified by

amendment 1.
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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.

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the maintenance result date indicated on the IEC web site undér
"http://webstore.iec.ch" in the data related to the specific publication. At this date,
the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

« amended.

A bilingual version of this standard may be issued at a

S
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INTRODUCTION
(to amendment 1)

Further developments of POSITRON EMISSION TOMOGRAPHS allow most of the tomographs to be
operated in fully 3D acquisition mode. To comply with this trend, this amendment describes test
conditions in accordance with the acquisition characteristic. It is the intention to simulate 3D
imaging without introducing new phantoms or new acquisition or processing protocols. The test

daoas o:mnlnl-n Rofre raalicticallv, oot r-ni-n charactarictioc -Fnr- \uhnln hnrh: |mnn|nn

A-a~a~i-g roorrotrootty oot T oo te T TotTroy

Measurement of SCATTER FRACTION is not intended with this test. Certain parts of the standard
are amended as stated below.

2
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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

the ACCOMPANYING
¥’not imply which tests

sighs which, through reference in this text,
constitute provisions o Q75 he time of publication, the edition indicated
was valid. All norma ; ct to revision and parties to agreements based
on this part of @

recent edition of

registers of curren

the following definitivhs apply.
Defined terms are printed in small capitals.

2.1 TOMOGRAPHY (see annex A)

211

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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21.2

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.

21.2.2
PROJECTION BEAM

image is integrated during the measurement process. Its

RESOLUTION in all three dimensions.

21.23
PROJECTION ANGLE
angle at which the PROJECTION is mea

21.24
SINOGRAM

21.25
OBJECT SLICE < >
slice in the object that determines the measured

information, is disptay

21.2.7
SYSTEM-AXIS

axis ofysymmetry, 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.

21.2.8

TOMOGRAPHIC VOLUME

juxtaposition of all volume elements which contribute to the measured PROJECTIONs for all
PROJECTION ANGLES
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21.2.81

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.

21.2.82

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 PLANESs 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

21.3

POSITRON EMISSION TOMOGRAPHY (PET)
EMISSION COMPUTED TOMOGRAPHY utilizing the ANNIH|LA
RADIONUCLIDES by COINCIDENCE DETECTION

2.1.31

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

2.1.3.2
ANNIHILATION RADIATION

2.1.3.3
COINCIDENCE DE

NOTE The COINQIDENCE DETEQTIO eri two opposing detector elements serves as an electronic collimation to
define the corre dj y EAM or LINE OF RESPONSE (LOR), respectively.

time interval.dusing 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

21.41

TWO-DIMENSIONAL RECONSTRUCTION

in  TWO-DIMENSIONAL RECONSTRUCTIOX , prfior to reconstruction into

SINOGRAMS, which are the PROJECTION\data S 3 sli , which are considered being
) : YSTEM AXIS. So, each event will be

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

corresponding LINE OF RESPONSE. Any deviat} pendicularity to the SYSTEM AXIS is

NOTE This is the standd

acceptance angles, i.
i.e. without septa, t@

2.1.4.2

THREE-DIMENSIO

in THREE-DIM ; STION, the LINES OF RESPONSE are not restricted to being
perpendicul STEM S. S0, a LINE OF RESPONSE may pass several transverse slices.
Consequ sliceg cannot be reconstructed independent of each other. Each slice
has to bre_re €d utijzing the full three-dimensional data set.

2.2

IMAGE MATRIX

arrangement of MATRIX ELEMENTSs in a preferentially cartesian coordinate system

2.2
MATRIX ELEMENT
Smallest unit of an IMAGE MATRIX, which is assigned in location and size to a certain volume

element of the object (VOXEL)

2.21.1
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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22.2

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 VOXEL 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 planeg
PROJECTION BEAM at specified distances from the detector

PROJECTION BEAM is characterized by the entirety of all PHYSICAL POINT SPREAR
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

NOTE In TOMOGRAPHY, the TRA
parallel to the SYSTEM AXIS.

2.4

SPATIAL RESOLUq@

ability to concentraté ribution in the image of a POINT SOURCE to a point
241

TRANSVERSE N

SPATIAL RESO cted plane perpendicular to the SYSTEM AXIS

2411
RADIAL RESOLU

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

242

AXIAL RESOLUTION

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

243
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)

25

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 replac 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 numerically\gorre

2.6.1.1
NORMALIZED SLICE SENSITIVITY
SLICE SENSITIVITY divided b 3 SLIX for that slice

2.6.2
VOLUME SENSITIVIF
sum of the indiVSL

2.7
COUNT RATE CHARA

se hex A)

2.71

COUNT
difference~Nb
RESOLVING TI

ped COUNT RATE and TRUE COUNT RATE, which is caused by the finite
e\instrument

2.7.2
COUNT-RATE
number of counts per unit of time

27.3

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

2741

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 dfunction in all three dimensions

2.10

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

being constant

3 Test methods

For all measurements, the tomograph shall be set up accarding\{« mode of
operation, i.e. it shall not be adjusted specially for the meas If
the tomograph is specified to operate in different modes e performance
parameters, for example with different axial acceptance angle vithout septa, with

shall be reported in addition. The tomographic configurati .g. evfergy thresholds, axial
acceptance angle, reconstruction algori ) ding to the manufacturer’s

performed shall be stated clearly.

The test phantoms shall be 1 withj aphs’ AXIAL FIELD OF VIEW, if not specified
otherwise.

NOTE For tomographs
performance estimates for the ¢é€
entire AXIAL FIELD OF, v,
detectors is not full ; i

3.1

v~greater than 16,5 cm, this centring will only produce
if the phantoms were displaced axially 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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The AXIAL RESOLUTION is defined for tomographs with sufficiently fine axial sampling (volume
detectors) and could be measured with a stationary POINT SOURCE. For these systems the AXIAL
RESOLUTION (EW and FWHM) is equivalent to the AXIAL SLICE WIDTH. These systems (fulfilling the
sampling theorem in the axial direction) are characterized by the fact, that the AXIAL POINT
SPREAD FUNCTION of a stationary POINT SOURCE would not vary, if the position of the source is
varied in the axial direction for half the axial sampling distance.

3.1.3 Method

For all systems, the SPATIAL RESOLUTION shall be measured in the transverse IMAGE PLANE in
two directions (i.e. radially and tangentially). In addition, for those systems having sufficiently
fine axial sampling, an AXIAL RESOLUTION also shall be measured.

The TRANSVERSE FIELD OF VIEW and the IMAGE MATRIX size determine/the PIXEM size in the

260 mm TRANSVERSE FIELD OF VIEW, which together with a 128
SPATIAL RESOLUTION, results in a FWHM of only three PIXELs. Th& widthk
incorrect if there are fewer than ten PIXELs in the FWHM. Therefore, pss ble,

indicated as ancillary data for the TRANSVERSE RESOLUFMONNQEasure . volume imaging
systems, the TRIXEL size, in both the transverse and axial dim i guld be made close to

RESOLUTION measurement. For all syste is measured by moving the
' or the AXIAL SLICE WIDTH

measurement, the step size should be & ¢ cted Ew. It is assumed that a
computer controlled bed will be used for a¢ foni he RADIOACTIVE SOURCE.

3.1.3.1  RADIONUCLIDE

COUNT LOSS is less ths

COINCIDENCE rate.
3.1.3.2 RADIOAC;;

perpendicular to theMong axis of the tomograph i.e. r = 10 mm, 50 mm, 100 mm, 150 mm ... up
to the edge of the TRANSVERSE FIELD OF VIEW. The last position shall be not more than 20 mm
from(the edge and shall be stated. Each of these positions yields two measurements of
TRANSVERSE RESOLUTION, which shall be distinguished by being in the radial or tangential
direction.

AT

T " a. el s o] I ’ " L bl s
NOTE THC SPATIALC RESOULUTTON At I — U I ay yrera artietar varges aue to- Sanpimg; SO tisS measurenterTt 1S

done at the position r = 10 mm.
3.1.3.2.2 AXIAL SLICE WIDTH

The AXIAL POINT SPREAD FUNCTION for POINT SOURCEs suspended in air shall be measured for all
systems. The POINT SOURCEs shall be moved in fine increments along the axial direction over
the length of the tomograph, at radial positions of r = 0 mm, 50 mm, 100 mm, ... in 50 mm
steps up to the edge of the TRANSVERSE FIELD OF VIEW. The last position shall be not more than
20 mm from the edge and shall be stated. The source is stepped in the axial direction by one-
tenth of the expected Ew of the axial response function. For each radial position, the measured
values shall be corrected for decay. This measurement does not apply to THREE-DIMENSIONAL
RECONSTRUCTION.
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3.1.3.2.3 AXIAL RESOLUTION

For systems having axial sampling at least three times smaller than the FWHM of the AXIAL
POINT SPREAD FUNCTION the measurement of AXIAL RESOLUTION can be made with stationary
POINT SOURCES. POINT SOURCESs suspended in air are positioned at radial intervals of 50 mm,
starting at the centre and extending to a distance which depends on the TRANSVERSE FIELD OF
VIEW, as described in the measurement of AXIAL SLICE WIDTH (3.1.3.2.2.). Each POINT SOURCE
shall be imaged at axial intervals of 20 mm, starting at the centre of the tomograph and

) o " . . .
exterdingtowithim 6 fromrtheedge of the AXAC FIECDOFVEW:

3.1.3.3 Data collection

Data shall be collected for all sources in all of the positions specified above
groups of multiple sources, to minimize the data acquisition time. At leas
shall be acquired in each response function, as defined below.

either singly or in
ousand counts

3.1.3.4 Data processing

Reconstruction using a ramp filter with the cutoff at the Nyguis \ PROJECTION

3.1.4 Analysis

The RADIAL RESOLUTION and the TANGENTIAL REX(
dimensional response functions, whi

POINT SPREAD FUNCTION in radial and
distribution.

termined by forming one-
through the TRANSVERSE
|ng through the peak of the

The AXIAL RESOLUTION of regrents is determined by forming one-
dimensional response fuQctidns which result from taking
profiles through the vQlu i enaxial girection, passing through the peak of the

The AXIAL SLIC@F ' ermi by forming one-dimensional response functions (AXIAL
POINT SPREAD FUN S ick 2 i
slice at each axia

be converted. to, mitlimeétre\units by multiplication with the appropriate PIXEL size.

Each EQUIVALENT WIDJH (Ew) shall be measured from the corresponding response function.
EW is calculated fregr'the formula

EWZZCI();ﬂ
] m

>.C; is the sum of the counts in the profile between the limits defined by 1/20 C,, on either
side of the peak;
C

PW is the PIXEL width (or axial increment in the case of the AXIAL SLICE WIDTH) in millimetres
(see figure 12).

m is the maximum PIXEL value;
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3.1.5 Report

RADIAL and TANGENTIAL RESOLUTIONs (FWHM and Ew) for each radius, averaged over all slices,
shall be calculated and reported as TRANSVERSE RESOLUTION values. AXIAL SLICE WIDTHS (EW
and FWHM) for each radius, averaged over all slices for each type (e.g. odd, even) shall be
reported. Transverse PIXEL dimensions and axial step size shall also be reported.

For systems, where AXIAL RESOLUTION is to be measured, AXIAL RESOLUTION (FWHM and EW),

averaged over all slices, shall be reported. For these systems, the axial PIXEL dimension in
millimetres shall also be reported.

For systems utilizing THREE-DIMENSIONAL RECONSTRUCTION, RESOLUTION data as listed~above
shall not be averaged. Graphs of TRANSVERSE RESOLUTION and AXIAL R WTION. (shall be
reported, showing the RESOLUTION values (RADIAL RESOLUTION, TANGE) OLUTION, and
AXIAL RESOLUTION) for each radius as a function of slice number.

3.2 RECOVERY COEFFICIENT

3.2.1 General

diameters.

3.2.3 Method

A number of ho@
are placed in the Wa

centre of the TRy
introducing addit :
in a well cou are arranged to be coplanar.

ACTIVITY concentration of 18F from a stock solution,
m (see figures 1 and 4) which is in turn placed in the
w. The phantom shall be held in position without

also be taken ha
the best case. The

yay in between slices in order to see the worst case of recovery in addition to
easurements are taken near the axial centre of the tomograph.

For-systems utilizing THREE-DIMENSIONAL RECONSTRUCTION, the measurements shall be done at
thejaxial centre of the tomograph and halfway between the axial centre and the edge of the
AXIAL FIELD OF VIEW.

After data acquisition, the spheres are removed and the cylinder filled with a uniform solution of
18F from which at least two samples are taken for well counting.

3.2.4 Data collection

The data collection shall be carried out at low COUNT RATEsS such that the COUNT LOSS is less
than 10 % and the RANDOM COINCIDENCE rate is less than 10 % of the TOTAL COINCIDENCE rate.
Care should be taken to acquire sufficient counts so that statistical variations do not
significantly affect the result. So, for the slice containing the spheres, at least 2 000 000 counts
shall be acquired. COUNT RATES and scanning times shall be stated.
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3.2.5 Data processing and analysis

Reconstruction shall be performed using a ramp filter with a cut-off at the Nyquist frequency
and with all corrections applied. The method of ATTENUATION correction shall be by an
analytical calculation. The ATTENUATION coefficient used shall be reported. The scatter
correction method used shall be clearly described.

Circular ROls of diameter as close as possible to the FWHM as measured in section 3.1.3.2.1

are defined centrally on the image of each sphere. The precise ROI diameter should be stated.

A large ROI (diameter: 150 mm) is centred on the image of the uniform cylinder. Calculation_of
the RECOVERY COEFFICIENT (RCygj) for each sphere is obtained from the equation:

)
RC. - SM,
S Cu
SM,,
where
Csi

SM

S

SM
C/SM,

3.2.6 Report

Graphs of RECO@

The scatter correcti
coefficient used.

are detected_ih the~présence of a RADIOACTIVE SOURCE in the limit of low ACTIVITY where COUNT
LOSSES and  RANDOM COINCIDENCES are negligible. The measured rate of TRUE COINCIDENCE
EVENTS(¢for a given distribution of the RADIOACTIVE SOURCE depends upon many factors,
including the detector material, size, and packing fraction, tomograph ring diameter, axial
acceptance window and septa geometry, ATTENUATION, scatter, dead-time, and energy
thresholds.

3.3.2 Purpose

The purpose of this measurement is to determine the detected rate of TRUE COINCIDENCE
events per unit of ACTIVITY concentration for a standard volume source, i.e. a cylindrical
phantom of given dimensions.

3.3.3 Method

The tomographic sensitivity test places a specified volume of radioactive solution of known
ACTIVITY concentration in the TOTAL FIELD OF VIEW of the POSITRON EMISSION TOMOGRAPH and
observes the resulting COUNT RATE. The systems sensitivity is calculated from these values.
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The test is critically dependent upon accurate assays of radioactivity as measured in a dose
calibrator or well counter. It is difficult to maintain an absolute calibration with such devices to

accuracies finer than 10 %. Absolute reference standards using positron emitters should be
considered if higher degrees of accuracy are required.

3.3.3.1  RADIONUCLIDE

The RADIONUCLIDE used for these measurements shall be 18F. The amount of ACTIVITY used

shall be such that the percentage of COUNT LOSSES is less than 2 % and the RANDOM
COINCIDENCE rate is less than 2 % of the TOTAL COINCIDENCE rate.

3.3.3.2 RADIOACTIVE SOURCE distribution

3.3.3.3 Data collection

Each coincident event between individual detectors shall b

|[-onl- T

T1/p is the HALFLIFE of the RADIONUCLIDE.

It is notynecessary to reconstruct these data. No corrections for detector normalization, COUNT

LOSS;scatter, and ATTENUATION shall be applied. The data shall be corrected for RANDOM
COINEIDENCES.

3.3.4 Analysis

The total counts Cj ot 120mm ON each slice i shall be obtained by summing all PIXELs in the
corresponding SINOGRAM within a radius of 120 mm. The SLICE SENSITIVITY S; for unscattered
events shall be found by the following:

Citot120mm (1-SF;)

Sj =
Tacq Qave

where SF;is the corresponding SCATTER FRACTION (see 3.6).



https://iecnorm.com/api/?name=46a45fcf81b9129fb9bfc38c923ec896

- 18 - 61675-1 © IEC:1998+A1:2008(E)

The NORMALIZED SLICE SENSITIVITY for each slice nS; shall be calculated as follows:

Si

nS; = —1
EW,

where EW 4 j is the AXIAL SLICE WIDTH for slice i (see 3.1.4).

NOTE The NORMALIZED SLICE SENSITIVITY allows for comparison of tomographs with different AXIAL SLICE WIDTH.

The VOLUME SENSITIVITY, S, shall be the sum of S; over all slices of the tomograph withinthe
central 16,5 cm or the AXIAL FIELD OF VIEW, whichever is smaller.

NOTE This will yield only the VOLUME SENSITIVITY for the central part of the tomograph, if { FIELD\OF VIEW is

greater than 16,5 cm.
3.3.5 Report

For each slice i, tabulate the values of S; and nS;. The voLu shall also be

reported.

3.4 Uniformity

3.5 COUNT RATE CHARACTERISTIC
3.5.1 General

PET COUNT RATE perfor
ACTIVITY and scattering
(see 3.5.3.1). The co
dependent on the true
RATE and conse
simulate the range

strongly influenced

The procedure~descriked here is designed to evaluate deviations from the linear relationship
between TRUE CO DENCE COUNT RATE and ACTIVITY, caused by COUNT LOSSES, and the
evaluationy'of image distortions at high COUNT RATES, especially those leading to spatially
misplaced events by ADDRESS PILE UP. As modern PET tomographs are operated with COUNT
LosS correction schemes, the accuracy of these correction algorithms is tested.

PET COUNT RATE performance means:

a) the relationship between measured TRUE COINCIDENCES (UNSCATTERED plus SCATTERED TRUE
COINCIDENCES) and ACTIVITY, i.e. the COUNT RATE CHARACTERISTIC of TRUE COINCIDENCE
COUNT RATE;

b) a test to determine address errors caused by ADDRESS PILE UP;
c) the evaluation of the accuracy of the COUNT LOSS correction scheme.
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3.5.3 Method

For dedicated brain tomographs, only the scatter condition described in 3.5.3.1.1 applies,
whereas for all other tomographs the scatter conditions described in 3.5.3.1.1 to 3.5.3.1.3
apply. For all tests the only correction to be applied is the subtraction of the multiple and the
RANDOM COINCIDENCES (to calculate TRUE COINCIDENCE counts). No correction is made for
COUNT LOSSES, ATTENUATION, and scatter, unless otherwise stated. The ACTIVITY shall generally
be specified as the total amount of ACTIVITY within the phantom as specified in 3.5.3.1. As the

’

respect to the radiochemical purity of the ACTIVITY used.

For scatter condition as simulated in 3.5.3.1.3, the total amount of ACTIVITY is the ACTIVIFY in
the body phantom.

3.5.3.1 RADIOACTIVE SOURCE distribution

To describe various scatter conditions, three different experimen
3.5.3.1.1 Head imaging
The head phantom (figure 1) filled homogeneously witf

3.5.3.1.2 Cardiac imaging

(130 mm inside length x 21 mm insid
eccentrically as indicated ip.figure 7. The ¢
AXIS, see figures 2 and 7.

dia
%of e pirantom shall be centred to the SYSTEM

omogeneously filled with ACTIVITY Ao and centred in
he same amount of ACTIVITY A, and is positioned in
¥o arm phantoms are each filled with half the amount of

ee Figure 13. The arm phantoms are a first order approximation
& PATIENT.

Each coincident event between individual detectors shall be taken into account only once.

3.5:4.1 Test of the TRUE COINCIDENCE COUNT RATE CHARACTERISTIC

For all scatter conditions, a COUNT RATE CHARACTERISTIC (measured TRUE COINCIDENCE COUNT

RATE VEISUS MCIdent TRUE COINCIDENCE COUNT RATE OF ACTIVITY Wit the TOTAC FIELD OF VIEW
of the tomograph) is to be measured. The variation of ACTIVITY is accomplished by radioactive
decay; '8F or '1C with continuous measurements over approximately 10 HALF LIVES can be
used. The time per frame shall be less than one-half of the HALF LIFE with the exception of the
last three frames, which can be longer. The initial amount of ACTIVITY shall be chosen so that
COUNT RATE saturation is exceeded, and the last frame shall be acquired with a COUNT LOSS of
less than 1 %.
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Data shall be assembled into SINOGRAMs. All events will be assigned to the transverse slice
passing the midpoint of the corresponding LINE OF RESPONSE. The data to be inspected are for
the TRANSVERSE FIELD OF VIEW restricted to 520 mm in diameter and without COUNT LOSS
correction. For the sake of comparison with data published elsewhere, a second scale
(kBg/cm3) shall be added to the abscissa for scatter condition of 3.5.3.1.1.

The average of the decaying activity, Ay, j, during the data acquisition interval for time frame /,
T..,; shall be determined by the following equation:

1T Ty [ Toal - To,i
cal | A ex L
In2 Tacq,i T1/2

ave,i —

where
Acq  is the ACTIVITY measured at time T, corrected for branching
To; s the acquisition start-time of the time frame j;
T, is the HALF LIFE of 18F or 11C, respectively.

ony’ the SINOGRAMS as described above when using Two-
from the full data set when using THREE-DIMENSIONAL

3.5.4.2 «Test of ADDRESS PILE UP

The 'ADDRESS PILE UP in the axial direction shall be checked from the set of reconstructed
images according to 3.5.4.1. For a region just containing the source, calculate the ratio of ROI
counts per slice at each COUNT RATE, normalized to the corresponding value at the lowest rate.

R - Cii
" Ci,Iow
where
Rj; is the ratio of ROI counts for slice i and time frame j.
Cij are the ROI counts for slice i at time frame j.

ilow are the average ROI counts for slice i at the three time frames with lowest ACTIVITY, see
3.5.4.1.
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By the above division, all normalizing factors with respect to different efficiencies per slice
cancel out. Plot this ratio versus the slice number. In this graph, all deviations from a line
parallel to the abscissa and positioned at the mean value are a measure of ADDRESS PILE UP in
the axial direction. Determine the ACTIVITY in the phantom within the TOTAL FIELD OF VIEW
corresponding to a 5 % deviation for any slice.

NOTE Axial variations at high count rates are most often caused by address pile up, but may also result from
other factors depending on the design of the tomograph.

For systems utilizing THREE-DIMENSIONAL RECONSTRUCTION, this test does not apply, because
the complex relationship between a reconstructed slice and an axial crystal ring obscures
meaningful results from this test.

3.5.4.3 Test of COUNT LOSS correction scheme

From the set of reconstructed images according to 3.5.4.1 (and for€a
(see figure 8) of:

a) TRUE COINCIDENCE counts measured;
b) TRUE COINCIDENCE counts corrected for COUNT LOSS;
C) TRUE COINCIDENCE counts corrected for COUNT LOSS

3.5.5 Report

3.5.5.1 TRUE COINCIDEN

CHARACTERISTIC (including i he RANDOM COINCIDENCE rate) for the total
system, and the/AGTI OUNT LOSS and at 50 % COUNT LOSS (without
ATTENUATION coO 3 |za'n for each slice. For the total system, report the
measured TRUE COI ENC ATE &t 20 % COUNT LOSS and at 50 % COUNT LOSS.

q diameter for the rod source, 194 mm in diameter for the
RUE COINCIDENCES for the whole slice versus ACTIVITY for each

Report a plot/of norpralized ROI counts according to 3.5.4.2. Report the observed ACTIVITY in
the phantem within the TOTAL FIELD OF VIEW causing a 5 % deviation in the axial profile
according to 3.5.4.2.

3.5.5.3 Accuracy of COUNT LOSS correction (see 3.5.4.3)

saturation point and the corresponding ACTIVITY for any slice for the three scatter conditions
described in 3.5.3.1.1 t0 3.5.3.1.3.

3.6 Scatter measurement
3.6.1 General

The scattering of primary gamma rays created in the annihilation of positrons results in
coincidence events with false information for radiation source localization. Variations in design
and implementation cause POSITRON EMISSION TOMOGRAPHs to have different sensitivities to
scattered radiation.
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3.6.2 Purpose
The purpose of this procedure is to measure the relative system sensitivity to scattered

radiation, expressed by the SCATTER FRACTION (SF) as well as the values of the SCATTER
FRACTION in each slice.

3.6.3 Method

The measurement shall be performed by imaging a single LINE SOURCE at three different radial
positions within the water-filled head phantom (see figures 1 and 5).

Unscattered events are assumed to lie within a 4 x FWHM wide strip centred on the image.of the

the 4 x FWHM wide strip is used to estimate the amount of i e strip. The area
under the line of interpolation, plus the contributions outsi g S constitute the
estimated scatter.

Estimates of SCATTER FRACTION for un|form
assumption of slow radial dependencg. SCA : N fop”a LINE SOURCE on-axis is

assumed to be constant within an annulus W ¢ mm and 100 mm (see figure 5). The
three values for SCATTER/FRACTIO ¢ 3y the areas to which they are applied,
yielding a weighted average ar\areas inthe ratios of 1:8:10,75, respectively.

3.6.3.1  RADIONUCLID

The RADIONUCLID
of COUNT LOSSes is
TOTAL COINCIDENCE

3.6.3:3< Data collection

Each coincident event between individual detectors shall be taken into account only once. Data
shall be assembled into SINOGRAMs. All events will be assigned to the slice at the midpoint of

thao corracpnaondina L INE A oo Aanor \ALith _thao coliro ot tha coanifind A~ ~citis~c ot loaact

e OO CopPoTTOT g Chive Ot RESPONSE—rHA—tRe—Sodfee—at—the SPCTMC U POSTOOTTS, ot 1caSt

200 000 counts shall be acquired for each slice within:

a) the AXIAL FIELD OF VIEW:
b) the central 16,5 cm, where the phantom was placed;

whichever is the smaller.

3.6.3.4 Data processing

Data shall be corrected for RANDOM COINCIDENCES and COUNT LOSSES, but not for scatter or
ATTENUATION.
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3.6.4 Analysis

All SINOGRAMs corresponding to slices at least 1 cm from either end of the phantom shall be
processed. Thus for tomographs with an AXIAL FIELD OF VIEW less than 16,5 cm, all slices shall
be processed.

All PIXELs in each SINOGRAM j which are located further than 12 cm from the centre shall be set
to zero. For each PROJECTION ANGLE within the SINOGRAM, the location of the centre of the LINE

SOURCE shall be determined by finding the PIXEL with the largest value. Each PROJECTION shall
be shifted so that the PIXEL containing the maximum value aligns with the central PIXEL column
of the SINOGRAM. After realignment, a sum PROJECTION shall be produced.

The FWHM to be used for the analysis is the average of the RADIAL REsoryTion(and the
; iQ the PIXELs
shaII be

follows:

r to LINE SOURCEs at radii 0 mm, 45 mm and 90 mm,

For each slice
also be reparted a

as processed, tabulate the value of SF;. The average SF of the SF; shall
¢ system SCATTER FRACTION.

3.7 ~ATTENUATION correction

3.7.1 General

POoSITRON EMISSION-TOMOGRARKY hac o valid thaargtical hacic faor ATTENUATION correction for
T HS—=H HON—-O4 A as—a—aHe—H Fe-HGaH—Ba S o —"— 1= NIAHO H HOR—+Oo+

arbitrary attenuating media within the TOMOGRAPHIC VOLUME of a tomograph. The basis for the
correction is a measurement of the transmission of ANNIHILATION RADIATION through the object
within the TOTAL FIELD OF VIEW. The accuracy with which this is achieved in practice is an
important measure of its quantitative ability.

3.7.2 Purpose

The purpose of this procedure is to measure the accuracy of the transmission method of
ATTENUATION correction.

NOTE The outcome of this test is influenced also by scatter.
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3.7.3 Method
Transmission of external radiation through a non-uniform attenuating medium is processed to
give ATTENUATION correction matrices which are applied to emission PROJECTION data as a part

of the reconstruction process. Conformity of reconstructed emission values with true values is
an indicator of the accuracy of ATTENUATION correction.

3.7.3.1 RADIONUCLIDE

The RADIONUCLIDE for the emission measurement shall be 18F, with an ACTIVITY such that the
percentage of COUNT LOSSES is less than 5 % and the RANDOM COINCIDENCE rate is less than
5 % of the TOTAL COINCIDENCE rate.

3.7.3.2 RADIOACTIVE SOURCE distribution

The head phantom (figure 1) shall be centred in the AXIAL FIELD Q : artically)
displaced 25 mm off-axis. It shall be used with the three 50 mym\di indgy inserts
placed 60 mm from the axis of the phantom at 120° anguldr i anged as in
figure 6. For the transmission measurement, the phantom i '
water. One of the hollow inserts shall be filled with non-radi
radioactive water. The third insert is solid and made s >
emission measurement, a measured amount of ACTIy added\to the background of
the test phantom and thoroughly mixed with the wate

3.7.3.3 Data collection

proper procedur ;
measurements,@s
first, then at leas vds

reconstruct d ographs with an AXIAL FIELD OF VIEW greater than 16,5 cm, only slices in
that part of the*AXIAL¥IELD OF VIEW, where the phantom was placed, shall be reconstructed.
Images shall~be reconstructed using the standard IMAGE MATRIX and TRIXEL size and using a
ramp filter'with cutoff at the Nyquist frequency of the PROJECTION data. The emission data shall
be reconstructed applying all corrections including ATTENUATION correction as obtained from
the_transmission measurement. Transmission processing shall be done according to the
method recommended by the manufacturer and shall be stated.
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3.7.4 Analysis

The emission images shall be summed axially. In the summed emission image, define three
circular ROIs having 30 mm diameters centred on the air, solid, and water insert images, and
nine circular ROIs having 30 mm diameters in the uniform ACTIVITY area, as shown in figure 9.
The radial distance to the outer six 30 mm ROIs from the axis of the phantom shall equal
60 mm. Record the total counts in each of the ROls as:

Cair' Csolid' Cwater' C1’ "'CQ

respectively, where the numerical index corresponds to the nine ROIls in the uniform ACTIWTY
areas.

138
_ZC,

Cn = 921

centration Cj,qort

e inserts in the

The relative errors ACj, et - i-€. the deviation between m

and true concentration 0 in the object, in percentage
summed image shall be calculated as follows:

ACinsert =100
ated as follows:

%

%

each insert a 10 mm wide profile shall be drawn in the
e of the head phantom and through the centre of the insert.

For the summes ge, tabulate the values of AC,;, ACgyig» @and AC, e, Also tabulate the
values of NUA. GrapHs of the profiles through the three inserts shall also be reported.

4 _ACCOMPANYING DOCUMENTS

A document shall accompany each POSITRON EMISSION TOMOGRAPH and shall include the

tollowing information.

4.1 Design parameters

— detector element dimensions and number of elements

— detector material

— number and configuration of detector elements per block, if applicable
— number of detector blocks per ring, if applicable

— COINCIDENCE WINDOW
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— detector ring diameter

— patient port diameter

— TRANSVERSE FIELD OF VIEW

— AXIAL FIELD OF VIEW

— SINOGRAM sampling (linear and angular)
— axial sampling

— septal length

— septal thickness

— length of side shields
— type of transmission source and source ACTIVITY (nominal and recomme
— detector movement (e.g. rotational speed, angular range), if any

4.2 Configuration of the tomograph

— energy threshold
— axial acceptance angle (2D-mode, 3D-mode)

— reconstruction algorithm
— method of RANDOM COINCIDENCE estimation

— any additional information being
normal operation

4.3 SPATIAL RESOLUTION

— AXIAL RESOLUT/QN
— axial PIXEL di% ASjoN

4.5 Sensitivity

— SLIGE SENSITIVITY according to 3.3.5
—~ NORMALIZED SLICE SENSITIVITY according to 3.3.5
<~ VOLUME SENSITIVITY according to 3.3.5

nufacturer to characterize
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4.6 COUNT RATE performance

— COUNT RATE CHARACTERISTIC according to 3.5.5
— ACTIVITY levels at 20 % and 50 % COUNT LOSsS according to 3.5.5

— measured TRUE COINCIDENCE COUNT RATE at 20 % COUNT LOSS and 50 % COUNT LOSS
according to 3.5.5

— plots of normalized ROI counts versus ACTIVITY according to 3.5.5

— ADDRESS PILE UP according to 3.5.5
— accuracy of COUNT LOSS correction and associated plots according to 3.5.5

4.7 SCATTER FRACTION

— SCATTER FRACTIONs SF; and SF according to 3.6.6

4.8 Accuracy of ATTENUATION correction

ACyir, ACqqjig» ACyater» and NU, according to 3.7.5

— profiles across inserts according to 3.7.5
Table 1 — RADIONUCLIDES to be use Masurements
RADIONUCLIDE \R‘A}E\ Branchmg ratio
18F 09 70 + w 0,971 + 0,002
e @2\ 0,998

&%&"’
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190 £ 3

L

3

& 200+3
\\
\ \> IEC 152/98
Dimensions:in millimetres Material: polymethylmethacrylate

Figure 1 — Cylindrical head phantom
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Centre of phantom

230

IEC 183/98
Material: polymethylmethacrylate

Dimensions are in millixpe
NOTE The phantom h ow fitting of the head phantom and shall be at least 180 mm £+ 5 mm.

<\ i oss-section of body phantom
1813
5\ \) -

>
D

N

@ 80 90 +2
!
IEC 183/98
Dimensions in millimetres Material: polymethylmethacrylate

Figure 3 — Arm phantom
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@13+£0,5 @10+0,5

@17 +£0,5

N Filling capillaries
70+ 10 =
—v- > 17 - — - — - — - — - — - — - @ 37 - =
IEC 183/98
Dimensions in millimetres Material: polymethylmethacrylate

NOTE All diameters given are inside diameters.

The wall thickness of the spheres shall be <1 mm.

The centres of the spheres shall be at the same distance from the surface of the mounting plate.
The mounting plate replaces the cover of the head phantom.

The spheres can also be made from glass.

Figure 4 — Phantom insert with hollow spheres
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IEC 153/98

Dimensions in mj Material: polymethylmethacrylate

NOTE Thetmounting plate replaces the cover of the head phantom.
The soureesholders consist of tubes of lengths sufficient to fill the inside length of the head phantom.
In addition, the drawing shows the weighting areas (bounded by the dashed lines) for the scatter measurement.

Figure 5 — Phantom insert with holders for the scatter source
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Solid polytetrafluoroethylene

IEC 184/98

Dimension

NOTE The mouniirg
The fillable cylinders of polymethylmethacrylate have outer dimensions of 50 mm diameter x 185 mm length,

the inside dintensions are 46 mm diameter x 182 mm length.
The solid,eylinder made of polytetrafluoroethylene is 50 mm in diameter x 185 mm length.

Figure 6 — Phantom insert for the evaluation of ATTENUATION correction
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S

IEC 185/98

NOTE The body phantom including arms is filled with water. The head ph 9 ¢ air. The RADIOACTIVE

Figure 7 — Phantom configuratio
according

NOTE This graph shows:

a) the true coincident counts
measured;

b) the true coincident counts
measured, corrected for
dead time loss;

c) the true coincident counts
measured corrected for dead
time loss and decay.

The dotted line represents
the ideal outcome of the
experiment, A, . 1 is the
average ACTIVITY during the
first acquisition frame.

TRUE COINCINDENCE COUNT RATE

Log of acTivity Aver

IEC 186/98

Figure 8 — Scheme of the evaluation of COUNT LOSS correction
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