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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIONUCLIDE IMAGING DEVICES -
CHARACTERISTICS AND TEST CONDITIONS -

Part 1: Positron emission tomographs

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comy
all|national electrotechnical committees (IEC National Committees). The object of IEC is to promete interng
cofoperation on all questions concerning standardization in the electrical and electronic fields) T.6 this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications|, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Puplication(s)").
preparation is entrusted to technical committees; any IEC National Committee interestedin the subject deg
may participate in this preparatory work. International, governmental and non-governmerital organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the.International Organizat
Standardization (ISO) in accordance with conditions determined by agreement hetween the two organizati

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
cohsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made te’ ensure that the technical content
Publications is accurate, IEC cannot be held responsible ferthe way in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
tragnsparently to the maximum extent possible in their national and regional publications. Any divergence b¢
IEC Publication and the corresponding national orregional publication shall be clearly indicated in the

itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification*bodies.

Alljusers should ensure that they have the“latest edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual exper
mgmbers of its technical committeesiand IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the-correct application of this publication.

At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall,not be held responsible for identifying any or all such patent rights.
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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. It is an International Standard.

This third edition cancels and replaces the second edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical change with respect to the previous
edition: requirements have been changed or newly created regarding the technical aspects of
SPATIAL RESOLUTION, sensitivity measurement, SCATTER FRACTION, COUNT RATE performance,
image quality, PET/CT registration accuracy and time-of-flight resolution.

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

Draft Report on voting

62C/811/CDV 62C/828/RVC

Full information on the voting for its approval can be found in the report on voting indicated in
the apove table.

The language used for the development of this International Standard is English.

In this document, the following print types are used: terms defined in Clause 3 of this document
or as| noted: small capitals.

This [document was drafted in accordance withxISO/IEC Directives, Part 2, and developged in
accofdance with ISO/IEC Directives, Part 1 and/JISO/IEC Directives, IEC Supplement, avajlable
at wyvw.iec.ch/members_experts/refdocs. The main document types developed by IEC are
descfibed in greater detail at www.iec.chf{standardsdev/publications.

A list|of all parts in the IEC 61675 seties, published under the general title Radionuclide imaging
devides — Characteristics and test.conditions, can be found on the IEC website.

The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated.on the IEC website under webstore.iec.ch in the data related tp the
speci|fic document. At(this date, the document will be

—

g¢confirmed,
e withdrawm;

—

gplaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

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 document describes test
conditions in accordance with this acquisition characteristic. In addition, today a POSITRON
EMISSION TOMOGRAPH often includes X-RAY EQUIPMENT for COMPUTED TOMOGRAPHY (CT). For this
document, PET-CT hybrid devices are considered to be state of the art, dedicated POSITRON
EMISSION TOMOGRAPHS not including the X-ray component being special cases only.

While the test methods specified herein are optimized for the PET component of PET-CT hybrid
devices fhny may also he used for the PET r‘nmpnnpn’r of PET-MR hyhrid devices

The fest methods specified in this document have been selected to reflect as much as pogsible
the clinical use of POSITRON EMISSION TOMOGRAPHS. It is intended that the tests be carried out
by MANUFACTURERS, thereby enabling them to declare the characteristics of POSITRON EMI$SION
TOMJGRAPHS in the ACCOMPANYING DOCUMENTS. This document does not indicate which |tests
will He performed by the MANUFACTURER on an individual tomograph or which  class-standards
may |be used to characterize the performance of POSITRON EMISSION~TOMOGRAPHS by the
MANUFACTURER.
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RADIONUCLIDE IMAGING DEVICES -
CHARACTERISTICS AND TEST CONDITIONS -

Part 1: Positron emission tomographs

Scope

QSITRON EMISSION TOMOGRAPHS. POSITRON EMISSION TOMOGRAPHS detect the ANNIHILA
ATION of positron emitting RADIONUCLIDES by COINCIDENCE DETECTION.

st hae heoan o
StHaASPeenRS

stics
ATION

)
L

2

The

constitutes requirements of this document. For dated references, only the edition cited ap

For

amendments) applies.

IEC

3

For the purposes of this document, the terms and definitions given in IEC TR 60788:2004
the following apply.

ISO

addr

3.1

tomqgraphy.
radiography-of one or more layers within an object

Normative references

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

undated references, the latest edition of the referenced document (including

'R 60788:2004, Medical electrical equipment.<~Glossary of defined terms

Terms and definitions

Ind IEC maintain terminglogical databases for use in standardization at the folld
sses:

EC Electropedia: @vwailable at http://www.electropedia.org/

$0 Online brewsing platform: available at http://www.iso.org/obp

ntent
blies.
any

| and

wing

[SOURCTETETC TR 60/88:2004, Tm-4T-T5]

3.11
emission computed tomography
ECT
imaging method for the representation of the spatial distribution of incorporated RADIONUCLIDES
in selected two-dimensional slices through the object
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3.1.11

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 1 to entry: This process is mathematically described by line integrals in the direction of PROJECTION (along the
LINE OF RESPONSE) and called "Radon transform".

3.1.1.2
projection beam

bea?MWﬂ&wwvahich
detenmines the image is integrated during the measurement process

Note 1 to entry: The PROJECTION BEAM's shape is limited by SPATIAL RESOLUTION in all three dimensions.

Note 4 to entry: The PROJECTION BEAM mostly has the shape of a long thin cylinder or cone. In, POSITRON EM|SSION
TOMOGRAPHY, it is the sensitive volume between two detector elements operated in coincidence,

3.1.1.3
projection angle
anglg at which the PROJECTION is measured or acquired

3.1.1}4

sinogram
two-dimensional display of all one-dimensional PROJECT/IONS of an OBJECT SLICE, as a function
of th¢ PROJECTION ANGLE

Note 1 to entry: The PROJECTION ANGLE is displayed on_the ordinate, and the linear projection coordinate is
displayed on the abscissa.

3.1.115

obje¢t slice
physjcal property that corresponds to @csslice in the object and that determines the measgured
information and which is displayed in, the tomographic image

3.1.1|6
image plane
plang assigned to a plane in the OBJECT SLICE

Note 1 to entry: Usually, theé IMAGE PLANE is the midplane of the corresponding OBJECT SLICE.

3.1.17

systém axis
axis pf symmetry, characterized by geometrical and physical properties of the arrangemgnt of
the slystem

Note 1 to entry: 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.

3.1.1.8

tomographic volume

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

3.1.1.81
transverse field of view
dimensions of a slice through the TOMOGRAPHIC VOLUME, perpendicular to the SYSTEM AXIS

Note 1 to entry: For a circular TRANSVERSE FIELD OF VIEW, it is described by its diameter.
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Note 2 to entry: For non-cylindrical TOMOGRAPHIC VOLUMES, the TRANSVERSE FIELD OF VIEW may depend on the axial
position of the slice.

3.1.1.8.2

axial field of view

AFOV

field which is characterized by dimensions of a slice through the TOMOGRAPHIC VOLUME, parallel
to and including the SYSTEM AXIS

Note 1 to entry: In practice, the AXIAL FIELD OF VIEW 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 RESOLUTION.

3.1.1[83
totalfield of view
field which is characterized by dimensions (three-dimensional) of the TOMOGRAPHIC{/QYUME

3.1.2
positron emission tomography
PET
EMIS$ION COMPUTED TOMOGRAPHY utilizing the ANNIHILATION RADIATION-of positron emitting
RADIQNUCLIDES by COINCIDENCE DETECTION

3.1.2,1
positron emission tomograph
tomographic device, which detects the ANNIHILATION~RADIATION of positron emijtting
RADIQNUCLIDES by COINCIDENCE DETECTION

3.1.2.2
annihilation radiation
ionizing radiation that is produced when a particle and its antiparticle interact and cease to|exist

3.1.23

coingidence detection
methpd which checks whether two, opposing detectors have detected one photon [each
simultaneously

Note 1 to entry: By this method, the!two photons are concatenated into one event.

Note 4 to entry: The COINGIDENCE DETECTION between two opposing detector elements serves as an elegtronic
collimgtion to define the carresponding PROJECTION BEAM or LINE OF RESPONSE (LOR), respectively.

3.1.2.4
coingidence window
time jntervalduring which two detected photons are considered being simultaneous

3.1.2.5

line of response
LOR

axis of the PROJECTION BEAM

Note 1 to entry: In PET, the LINE OF RESPONSE is the line connecting the centres of two opposing detector elements
operated in coincidence.

3.1.2.6
total coincidences
sum of all coincidences detected

3.1.2.6.1

true coincidence

result of COINCIDENCE DETECTION of two gamma events originating from the same positron
annihilation
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3.1.2.6.2

scattered true coincidence

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

3.1.2.6.3
unscattered true coincidence
the difference between TRUE COINCIDENCES and SCATTERED TRUE COINCIDENCES

3.1.2.6.4

random coincidence
result of a COINCIDENCE DETECTION in which participating photons do not originate from the $ame
positfon annihilation.

3.1.27
singles rate
COUNT RATE measured without COINCIDENCE DETECTION, but with energy diserimination

3.1.3
two-fimensional reconstruction
imagp reconstruction at which data are rebinned prior to reconstruction into SINOGRAMS, which
are the PROJECTION data of transverse slices, which are considered being independent of [each
otherl and being perpendicular to the SYSTEM AXIS

3.1.
thre¢-dimensional reconstruction
imagp reconstruction at which the LINES OF RESPONSE are not restricted to being perpendicular
to the¢ SYSTEM AXIS so that a LINE OF RESPONSE may pass several transverse slices

3.2
image matrix
<nuc]ear medicine> matrix in which each element corresponds to the measured or calcuflated
phys|cal property of the object atthe location described by the coordinates of this MATRIX
ELEMENT

3.21
matrjx element
smallest unit of an IMAGE MATRIX, which is assigned in location and size to a certain vglume
elempent of the object (VOXEL)

3.2.2
pixe
MATRIX ELEMENT in a two-dimensional IMAGE MATRIX

S
. | . .

3.2.3

voxel

volume element in the object which is assigned to a MATRIX ELEMENT in a two- or three-
dimensional IMAGE MATRIX

Note 1 to entry: 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.
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3.3

point spread function

PSF
scinti

3.3.1

phys
<tom

Note 1

graphic image of a POINT SOURCE

ical point spread function

ographs> two-dimensional POINT SPREAD FUNCTION in planes perpendicular to the
PROJECTION BEAM at specified distances from the detector

to entry: The PHYSICAL POINT SPREAD FUNCTION characterizes the purely physical (intrinsic) imaging

performance of the tomographic device and is independent of for example sampling, image reconstrucition and
procegsing. A PROJECTION BEAM is characterized by the entirety of all PHYSICAL POINT SPREAD FUNCTIONs as*a.fu
of distance along its axis.

3.3.2

axiall point spread function

profil
the s

3.3.3
tran
reco

Note 1
locate

34

spat
<nuc
SOUR

3.4.1

passing through the peak of the PHYSICAL POINT SPREAD FUNCTION in alplane paral
YSTEM AXIS

verse point spread function
structed two-dimensional POINT SPREAD FUNCTION in a tomographic IMAGE PLANE

to entry: In TOMOGRAPHY, the TRANSVERSE POINT SPREAD FUNCTION can also be obtained from a LINE S
[ parallel to the SYSTEM AXIS.

al resolution
ear medicine> ability to concentrate the count density distribution in the image of a i
CE to a point

trangverse resolution

SPAT

3.4.1

AL RESOLUTION in a reconstructed plane perpendicular to the SYSTEM AXIS

.1

radigl resolution

TRAN
AXIS

3.4.1
tang
TRAN

S5VERSE RESOLUTION:-along a line passing through the position of the source and the sV

.2
ential resolution
S5VERSE-RESOLUTION in the direction orthogonal to the direction of RADIAL RESOLUTION

image
nction

lel to

PURCE

POINT

STEM

3.4.

axial

resolution

SPATIAL RESOLUTION along a line parallel to the SYSTEM AXIS

Note 1 to entry:

sampling theorem.

3.4.3

equivalent width

EW

AXIAL RESOLUTION only applies for tomographs with sufficiently fine axial sampling fulfilling the

width of that rectangle having the same area and the same height as the response function,

e.g.

the POINT SPREAD FUNCTION

Note 1 to entry: EW better reflects scatter tails of the response function than FWHM or FWTM.

[SOURCE: IEC TR 60788:2004, rm-34-45, modified — Note to entry added.]
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full width at half maximum

FWH

2022

for a bell-shaped curve, distance parallel to the abscissa axis between the points where the

ordin

ate has half of its maximum value

[SOURCE: IEC TR 60788:2004, rm-73-02]

3.5

recovery coefficient

meas

ured (image) ACTIVITY concentration of an active volume divided by the true ACTIVITY

conc

Note 1
conce

3.6
slice
ratio

Note
FRACT

3.7

entration of that volume, neglecting ACTIVITY calibration factors

to entry: For the actual measurement, the true ACTIVITY concentration is replaced by the meastred A(
htration in a large volume.

sensitivity
of COUNT RATE as measured on the SINOGRAM to the ACTIVITY concgntration in the pha

to entry: In PET, the measured counts are numerically corrected for scatter by subtracting the sQ
ON.

volume sensitivity

sum

3.8
coun
funct

[sou

3.8.1
coun
diffen
RESQ

3.8.2
coun
numl

3.8.3
true

bf the individual SLICE SENSITIVITIES

t rate characteristic
on giving the relationship between obserVed COUNT RATE and TRUE COUNT RATE

RCE: IEC TR 60788:2004, rm-34-21]

t loss
ence between measured ' COUNT RATE and TRUE COUNT RATE, which is caused by the
LVING TIME of the instrument

t rate
er of countsyper unit of time

count'rate

COUN

TIVITY

ntom

ATTER

finite

T\RATE that would be observed if the RESOLVING TIME of the device were zero

[SOURCE: IEC TR 60788:2004, rm-34-20]

3.9

scatter fraction

SF

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

3.10

point source
RADIOACTIVE SOURCE approximating a &-function in all three dimensions
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3.1

line source

straight RADIOACTIVE SOURCE approximating a é-function in two dimensions and being constant
(uniform) in the third dimension

3.12

calibration

<emission computed tomography> process to establish the relation between COUNT RATE per
volume element locally in the image and the corresponding ACTIVITY concentration in the object
for object sizes not requiring RECOVERY CORRECTION

Note 1 to entry: In order to have this CALIBRATION fairly independent of the object under study, the application of
propef corrections to the data, e.g., ATTENUATION, scatter, COUNT LOSS, radioactive decay, detector normatlization,
RANDJM COINCIDENCES (PET), and branching ratio (PET) is mandatory. The independency of the object/is _requjred to
scale tlinical images in terms of kBg/ml or standardized uptake values (SUV).

3.13
PET count rate performance
relationship between the measured COUNT RATE of TRUE COINCIDENCES, RANDOM COINCIDENCES,
TOTAL COINCIDENCES, and noise equivalent count rate versus ACTIVITY

3.14
timetjof-flight resolution
TOF resolution

unceftainty of the measurement of the difference of the arrival time of the two photons from the
samg annihilation event

4 Test methods

4.1 General

For gll measurements, the acquisition:garameters of the tomograph shall be set up according
to its| normal mode of operation, i.e., ittshal is not-be adjusted specially for the measurement
of specific parameters. If the tomograph is specified to operate in different modes influencing
the performance parameters, for-example with different axial acceptance angles,—withand
withgut—septa; with  TWO-DIMENSIONAL RECONSTRUCTION and  THREE-DIMENSI|ONAL
RECONSTRUCTION, the test results shall be reported for every mode of operation. The tomograph
configuration (e.g. energy.thresholds, axial acceptance angle, reconstruction algorithm)[shall
be clhosen according(to the MANUFACTURER’s recommendation and clearly stated. If any test
cannpt be carried out)exactly as specified in this document, the reason for the deviation and
the exact conditions‘under which the test was performed shall be stated clearly.

It is |postulated that a POSITRON EMISSION TOMOGRAPH is capable—of-measuring to estimate
RANDOM, COINCIDENCES and-performing to perform the appropriate correction. In additipn, a
POSITRON, EMI provides corrections for scatter, ATTENUATION,

and BRATION:

The test phantoms shall be centred within the tomograph’s AXIAL FIELD OF VIEW, if not specified
otherwise.

4.2 SPATIAL RESOLUTION
4.2.1 General

SPATIAL RESOLUTION measurements describe partly the ability of a tomograph to reproduce the
spatial distribution of a tracer in an object in a reconstructed image. The measurement-is shall
be performed by imaging POINT SOURCES in air and reconstructing images, using a sharp
reconstruction filter. Although this does not represent the condition of imaging a PATIENT, where
tissue scatter is present and limited statistics require the use of a smooth reconstruction filter
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and/or iterative reconstruction methods, the measured SPATIAL RESOLUTION provides an
objective comparison between tomographs.

4.2.2 Purpose

The purpose of this measurement is to characterize the ability of the tomograph to recover small
objects.

The-FRANSVERSE SPATIAL RESOLUTION-is shall be characterized by the width of the reconstructed
TRANSVERSE POINT SPREAD FUNCTIONS of radioactive POINT SOURCES. The width of the point
spread function—is shall be measured by the FULL WIDTH AT HALF MAXIMUM (FWHM) and the
EQUIYALENT WIDTH (EW).

Thae hXiAl RESOlL UTION-is defined for tomoaranhs with sufficiently fine axial samnplia” (valume
e Ao O OIS GeHR e GFortomogapRiSwWin—SuHc e Ry He a>da+—SanpHRg(VYordHRe
detadtors) and could be measurad with 3 stationarv POINT SOURCE These svustams (fulfillinlh the
cgetegtors)ahRacotiGoeMmeasurewWina-satioRayYH o+ 0OuoRGe—ReSe-SysStesthHiihRgtthe
samdlina - theorem in the axial direction) are characterized by the fact that'thd AxiAl OINT
SapHihgmeoreiHh— e adarGHecHon)areChaiaCcteHZe Dy eRaCHtgH e oA OM—
spPRrELD FUNCTION-of 3 stationary POINT SOURCE woilld not varvy if the nositionof the soudca is
SHREpDTFoNGHON- O a—SatHoa P o+ O oG WOoUHG ROy HHePoSHcH*Oorthe-SoUfce 1S

- A

4.2.3 Method
4.2.31 General

For gll systems, the SPATIAL RESOLUTION shall be measured.in the transverse IMAGE PLANE in
two directions (i.e., radially and tangentially) and in thé-axial direction.-tr—addition,—fe

T e rpANCSVERCSE EIEl N OE VIEW and the IMACE MATRIX ciza determine the PIXE] ciza ih tha
HEe—FHRANSVERSEHELDOF—HEWaRa—thetIMAGE - MATRP—SIZe—Gaeterhe—the—PhxeEL—SiZze—Hp—the
transherse IMAGE PILANE 1n order to measureaccuratelvthe width of the snread funectio its
trahRsperseIMAGEPEANE—R—OFGertomeasure@accuraterythe-wWiatn—o+the-Sspread+tuhRcHoOR—HS

4.2.3.2 RADIONUCLIDE
The RADIONUCLIDE for the measurement shall be 18F or 22Na, with an ACTIVITY such thdt the

percgént COUNT LOSS is~less than 5 % or the RANDOM COINCIDENCE rate is less than 5 % qf the
TOTA| COINCIDENCE rate.

4.2.3(3 RADIOACTIVE SOURCE distribution

4.2.3.3.1 General

POINT 'SOURCES shall be used with the largest dimension less than or equal to 1 mm.

4.2.3.3.2 Source positioning

Fomographs-shal-use POINT SOURCES, suspended in air, shall be used to minimize scatter, for
measurements of TRANSVERSE RESOLUTION. Resolution measurements shall be made on two
planes perpendicular to the LONG AXIS of the tomograph, one at the centre of the AXIAL FIELD OF
VIEW and the second on a plane offset from the central plane by 3/8 of the AXIAL FIELD OF VIEW
(i.e., one-eighth of the AXIAL FIELD OF VIEW from the end of the tomograph). On each plane,
sources shall be positioned at 1 cm, 10 cm, and 20 cm from the SYSTEM AXIS (the 20 cm location
shal may be omitted if it is not covered by the TRANSVERSE FIELD OF VIEW). The sources shall
be positioned on either the horizontal or vertical line intersecting the SYSTEM AXIS, so that the
radial and tangential directions are aligned with the image grid.
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4.2.3

4 Data collection

Data shall be collected for all sources in—all each of the six positions specified in 4.2.3.3.2,
either singly or in groups of multiple sources, to minimize the data acquisition time. At least
100 000 counts for each POINT SOURCE shall be acquired.

4.2.3

5 Data processing

Filtered backprojection reconstruction using a ramp filter with the cutoff at the Nyquist frequency
of the PROJECTION data or its 3D equivalent shall be employed for all SPATIAL RESOLUTION data.
No resolution enhancement methods shall be used. The pixel size in the transverse plane shall

| W]

b b n u £ 1 P WP | \ALLL
e C UVOoUITT LU dITUVvVwWw dl 1TCdol J '.Il/\clo Pcl T VVITIVI.

filter
para

d backprojection results, provided that the alternate reconstruction methéds and
eters are described in sufficient detail to reproduce the study results.

Resx}:s obtained using alternate reconstruction algorithms may be reported in addition t

4.2.4 Analysis

The

dime
profil
each
distri

RADIAL RESOLUTION and the TANGENTIAL RESOLUTION shall be detérmined by forming
nsional response functions. These response functions—are (shall be created by t
les from the TRANSVERSE POINT SPREAD FUNCTION through the reconstructed 3D-ima
POINT SOURCE in radial and tangential directions passing through the peak o

perpendicular to the direction of the analysis.

The

one-
profil
the d
direc

Each
maxi
PIXEL
neigh
PIXEL

imensional response functions (AXIAL POINT. SPREAD FUNCTIONS), which result from t

istribution. The width of each profile;shall be two times the expected FWHM in
fions perpendicular to the direction of\the analysis.

FWHM shall be determined by linear interpolation between adjacent PIXELS at ha
mum PIXEL value, which is the*peak of the response function (see Figure 1). The max

width.

DO the
their

one-
bking
je of
[ the

pbution. The width of each profile shall be two times the*expected FWHM in both diregtions

AXIAL RESOLUTION of the POINT SOURCE measuréments-is shall be determined by forming

bking

s through the reconstructed 3D-image in,the axial direction passing through the pegk of

both

f the
mum

value C,, shall be determined by a parabolic fit using the peak point and its two negrest
bours. Values shall be(converted to millimetre units by multiplication with the appropriate
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NOTE| C_ is the maximtm value of the interpolation curve, A and B are the points where the interpolation|count
curve uts the line/ofhalf-maximum value. Then FWHM = X — X,.
Figure 1 — Evaluation of FWHM
EachlEQUIVALENT WIDTH (EW) shall be measured from the corresponding response function. EW

s shall be calculated from Formula (1):
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C, xPW PW
EW =3 c EW:C—ZI.C,- (1)
m

i m

where

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

Cm is the maximum PIXEL value of the profile as determined in the FWHM calculation above,
as opposed to the maximum pixel value among the pixel locations;

PW H blo albla HITH 4 L = Fa XY
IS T TIACL WIULTT TTT TTTHITTIC U o (STT T TyultT 4.

Maximum value Cp,

)

EW IEC 2408/13
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NOTE| EW is given by {the width of that rectangle having the area of the LINE SPREAD FUNCTION and its maximum
value [Cp,.
EW {4 3(C; x PWY/Cm
The PIXEL width*PW is x; , — X;.
The afeas’shaded differently are equal.

Figure 2 — Evaluation of EQUIVALENT WIDTH (EW)

4.2.5 Report

RADIAL RESOLUTION, TANGENTIAL RESOLUTION, and AXIAL RESOLUTION (FWHM and EW) for each
POINT SOURCE position shall be calculated and reported. Transverse and axial PIXEL dimensions
shall be reported.

If special reconstruction methods were used, the results of the tests-should shall be reported
together with the exact description of the methodology.
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4.3 Tomographic sensitivity
4.3.1 General

Tomographic sensitivity is a parameter that characterizes the rate at which coincidence events
are detected in the presence of a RADIOACTIVE SOURCE in the limit of low ACTIVITY where COUNT
LOSSES and RANDOM COINCIDENCES are negligible. The measured rate of TRUE COINCIDENCES 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.

TRUE
irical

phantom of given dimensions.

4.3.3 Method
4.3.311 General

The fomographic sensitivity test places a specified volume of radioactive solution of khown
ACTIVITY-concentration in the TOTAL FIELD OF VIEW of the POSITRON EMISSION TOMOGRAPH and
obsefves the resulting COUNT RATE. The system’s sensitivity~s/shall be calculated from fhese
valugs. The test is critically dependent upon accurate assays'of ACTIVITY as measured in ajdose
calibrator or well counter. It is difficult to maintain an absolute CALIBRATION with such deyices
to acpuracies finer than 10 %. Absolute reference standards using positron emitters should be
cons|dered if higher degrees of accuracy are required.

One pf the later frames of the PET COUNTRATE PERFORMANCE test (4.5) can be used to detefmine
the SLICE SENSITIVITY and VOLUME SENSITIVITY if the RADIONUCLIDE used for these measurements
. 18 L
is 'OF.

4.3.3(2 RADIONUCLIDE

The RADIONUCLIDE usedfor these measurements shall be 18F. The amount of ACTIVITY-uskd at
the time of the tomoQ@raphic sensitivity measurement shall be such that the percentage of COUNT
LOSSES is less than.2 %.

4.3.3(3 RABIOACTIVE SOURCE distribution

The est phantom—is shall be a solid rlght circular cylmder composed of polyethylene with a
specl 3. vith an
overall length of (700 * 5) mm A (6 5 + O 3) mm hole is dr|IIed parallel to the central axis of the
cylinder, at a radial distance of (45 £ 1) mm. For ease of fabrication and handling, the cylinder
may consist of several segments that are assembled together during testing. However, in both
design and assembly of the completed phantom-enre-must-insure—a-tight-fit between, adjacent
segments shall be fit tightly together, as even very small gaps will allow narrow axial regions of
scatter-free radiation.

The test phantom LINE SOURCE insert-is shall be a clear polyethylene or polyethylene coated
plastic tube (800 + 5) mm in length, with an inside diameter of (3,2 £ 0,2) mm and an outside
diameter of (4,8 £ 0,2) mm

The test phantom LINE SOURCE insert shall be filled with water well mixed with the measured
amount of ACTIVITY to a length of (700 £ 5) mm and sealed at both ends. This LINE SOURCE shall
be inserted into the hole of the test phantom such that the ACTIVITY of the LINE SOURCE matches


https://iecnorm.com/api/?name=5b58465bc5de63c41dfc052ace7d9169

IEC 61675-1:2022 RLV © IEC 2022 -21-

the length of the polyethylene phantom. The test phantom with LINE SOURCE-is shall be mounted
on the standard patient bed supplied by the MANUFACTURER. The phantom shall be raised (5
0,5) cm above the patient bed, using a mounting means such as foam blocks placed outside
the AXIAL FIELD OF VIEW, and rotated such that the LINE SOURCE insert is positioned nearest to
the patient bed (see Figure 3).-Fhe-phantom-shallbe-centred-in-the TRANSVERSE-FIELD-OF-VHEW

—~ 54
b (O]
o
N
+ g
o.
o
~ 0
S 7
U.
D @
Qo g
=3
=~ ¢
o ¢

table-elevation-shallbereported- The patient bed shall be positioned
centre of the TRANSVERSE FIELD OF VIEW, so that the phantom is centred in the TRANSVERSE FIELD
OF VIEW.

If thelphantom cannot be centred as described above, then mounting blocks of other dimengions
may pe used to centre the phantom in the transverse field of view. The distance gi-ifie ftable
from [the centre of the transverse field of view shall be reported.
£
= o Centre
S
—) 6,5@mole
S
€
1]
< Bed top
|
IEC 2409/13
Dimensions in millimetres
A
Centre _
A
2
N v
v
B,5 mm hole (—~
oA
v “"" Bed top

IEC

NOTE The 6,5 mm hole is for insertion of the LINE SOURCE.

Figure 3 — Scatter phantom configuration and position on the imaging bed
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4.3.3.4 Data collection

Each coincident event between individual detectors shall be taken into account only once. Data
shall-be are assembled into SINOGRAMs. All events shall be assigned to the transverse slice
passing the midpoint of the corresponding LINE OF RESPONSE.

At least 500 000 true coincident counts-shatl-be are acquired.

4.3.3.5 Data processing

The ACTIVITY concentration in the phantom shall be corrected for decay to determine the
averdge ACTIVITY concentration, a during the data acquisition time, [ by the Tollqwing

Formula (2):

ave’ acq’

- T,
Aave = Acal 1 Tz exp Teal = To In2 || 1- exp| — —In2
V In2Tye Tip Tip

(2)

=
>
]
=
4

74 is the nominal volume of the test phantom (22 700 cm3);
cal is the ACTIVITY times branching ratio ("positron activity®)y measured at time T;

Ty is the acquisition start time;

Ti/o is the RADIOACTIVE HALF-LIFE of the RADIONUCLIDE.

No cprrections for detector normalization, COUNTLOSS, SCATTERED TRUE COINCIDENCES] and
ATTENUATION shall be applied. The data shall be corrected for RANDOM COINCIDENCES.

4.3.4 Analysis
All PIXELS in the SINOGRAM located further than 25 cm from the SYSTEM AXIS shall be set to gero.
The |total counts C;.,; on each" slice /i shall be obtained by summing all PIXELS in} the

corrgsponding SINOGRAM. The SLICE SENSITIVITY S; for unscattered events shall be found bly the
following Formula (3):

S - Citot (1-SF)
A e 3)
acq Qave
wherp
SF; is the corresponding SCATTER FRACTION (see 4.4).

The VOLUME SENSITIVITY, S, shall be the sum of S; over all slices of the tomograph within the
AXIAL FIELD OF VIEW.

4.3.5 Report

For-each-slice+—reportthevaluesof S—The VOLUMESENSIFVITY-S, , shall-alse-bereported-

The VOLUME SENSITIVITY S, shall be reported. A graph of SLICE SENSITIVITY S; values shall be
reported.
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4.4 Scatter measurement
441 General

The scattering of-primary-gammarays photons created in the annihilation of positrons results
in commdence events W|th false mformatlon for radiation source Iocahzatlon Varlatlons in

ered
radiation, expressed by the SCATTER FRACTION (SF), as well as the values of the SCATTER
FRAC[TION in each slice SF;.

4.4.3 Method
4.4.311 General

The test phantom-is shall be a solid right circular cylinder’composed of polyethylene wWith a
specffic density of (0,96 + 0,01) g/cm3, with an outside~diameter of (203 + 3) mm, and with an
overall length of (700 £ 5) mm. A (6,5 + 0,3) mm hole-is shall be drilled parallel to the central
axis pf the cylinder, at a radial distance of (45 + 3)\mm. For ease of fabrication and handgling,
the dylinder may consist of several segments*that-are shall be assembled together during
testing. However, in both design and assembly of the completed phantom-ene-shall-insyirea
tightfit between, adjacent segments shall fit\lightly together, as even very small gaps will pllow
narrdw axial regions of scatter-free radiation.

The last frame of the cOUNT RATE (UARACTERISTIC test (4 B8) mav be tused to determin
He—1aSt e—o—ttheG N A SoTARAG =T 1c1eSt—4-o)May—opeusSectoaGeterh

SCAFFERFRACHON-f-the-test-ispeformed-with-18E-

++
oy
()

One pf the later frames of the*PET COUNT RATE PERFORMANCE test (4.5) may be used to detefmine
the SICATTER FRACTION.

4.4.3(2 RADIONUGLIDE

The RADIONUGLIDE for the measurement shall be '8F or 11C with an ACTIVITY such that the
percgntage ©f-COUNT LOSSES is less than 5 %.

4.4.313 RADIOACTIVE SOURCE distribution

The test phantom LINE SOURCE insert-is shall be a clear polyethylene or polyethylene coated
plastic tube (800 £ 5) mm in length, with an inside diameter of (3,2 £ 0,2) mm and an outside
diameter of (4,8 + 0,2) mm. This tube-will shall be filled with a known quantity of ACTIVITY and
threaded through the 6,5 mm hole in the test phantom.

The test phantom LINE SOURCE insert shall be filled with water well mixed with the measured
amount of ACTIVITY to a length of (700 £ 5) mm and sealed at both ends. This LINE SOURCE shall
be inserted into the hole of the test phantom such that the ACTIVITY of the LINE SOURCE matches

the Iength of the ponetherne phantom lh&tesppkmwéseu%&meuﬂm@enm
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The test phantom with LINE SOURCE shall be mounted on the standard patient bed supplied by
the MANUFACTURER. The phantom shall be raised (5 + 0,5) cm above the patient bed, using a
mounting means such as foam blocks placed outside the AXIAL FIELD OF VIEW, and shall be
rotated such that the LINE SOURCE insert is positioned nearest to the patient bed (see Figure 3).
The phantom shall be centred in the TRANSVERSE FIELD OF VIEW by raising or lowering the bed.

If the phantom cannot be centred as described above, then mounting blocks of other dimensions
may be used to centre the phantom in the transverse field of view. The distance of the

from [the centre of the transverse field of view shall be reported.

4.4.3.4 Data collection

Each|coincident event between individual detectors shall be taken into accoupt.only once.
shalllbe assembled into SINOGRAMS. All events-will shall be assigned to the glice at the mid
of thp corresponding LINE OF RESPONSE. The acquisition-sheuld shall contain a minimy
500 (000 true coincident counts.

4.4.315 Data processing

No corrections for variations in detector sensitivity, SCATTERED\TRUE COINCIDENCES, COUNT
or AT[TENUATION shall be applied to the measurements.

The ¢lata shall be corrected for RANDOM COINCIDENCES.

4.4.4 Analysis

For tpmographs with an AXIAL FIELD OF VIEW @f 65 cm or less, SINOGRAMS of TRUE COINCIDE
shall|be generated for each acquisition j;ef slice j. For tomographs with an AXIAL FIELD OF
greafer than 65 cm, SINOGRAMs of TRUE.COINCIDENCES shall be generated for each acqui
for sljices within the central 65 cm.

Oblique SINOGRAMS-are shall_be-collapsed into a single SINOGRAM for each respective slic
singlg-slice rebinning) while'conserving the number of counts in the SINOGRAM.

The $INOGRAM j of TRUE)COINCIDENCES shall be processed as follows.

a)
b)

d)

table

All PIXELS located further than 25 cm from the SYSTEM AXIS shall be set to zero.

Fpr each PROJECTION ANGLE ¢ within the SINOGRAM, the location of the centre of the
SPURCE.response shall be determined by finding the PIXEL having the greatest value.
PROJECTION shall be shifted so that the PIXEL containing the maximum value is aligneg
thelcentral PIXEL of the SINOGRAM.

Data
point
m of

0SS,

NCES
VIEW
sition

e (by

LINE

Each
with

After alignment, a sum projection shall be produced. A PIXEL in the sum projection-is
be the sum of the PIXELS in each angular PROJECTION having the same radial offset a
PIXEL in the sum projection.

shall
s the

The counts CLJ and CRJ, the left and right PIXEL intensities at the edges of the strip with a

width of + 20 mm from the centre of the profile calculated in (b), shall be obtained
Figure 4). Linear interpolation shall be employed to find CLJ- and CRJ-.

(see
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NOTFE—In the summed projection, the scatter-is shall be estimated by the counts outside the 40 mm wide strip plus

the area ef-the-LsF below the line CLj— C
Figure 4 — Evaluation of SCATTER FRACTION

R.j*

e) The average of the two PIXEL intensities C,_,j and CRJ- shall be multiplied by the number of
PIXELS, including fractional values, corresponding to the width of the strip, and the product
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shall be added to the sum of counts in the PIXELs outside the strip, to yield the number of
scatter counts Cg ; for the slice j.

f) The TRUE COINCIDENCES Crgt; shall be computed as the sum of all counts in the sum

projection for slice j. The TRUE COINCIDENCES include SCATTERED TRUE COINCIDENCES and
UNSCATTERED TRUE COINCIDENCES.

The SCATTER FRACTION SF; for each slice shall be calculated as shown in Formula (4):
CS

SF=——4— 4)
CroT,j

The $CATTER FRACTION SF shall be computed by Formula (5):

2.5

SF=ol 5
ZCTOT,j )
J

4.4.5 Report

Forg icey ; FShﬁ“—b&FGpGH@d—(Eq&GHGHW}.—?h&—SGAﬁER—FR—#%N
SEopalaleeborosariod (Eoation (B0

The BCATTER FRACTION SF shall be reported (Formula (5)). A graph of SF/- values shgll be
repofted (calculated from Formula (4)).

4.5 | PET COUNT RATE PERFORMANCE
4.5.1 General

PET |COUNT RATE PERFORMANCE depends in a complex manner on the spatial distributipn of
ACTIMITY and scattering .materials, on the trues-to-singles ratio, on the COUNT |RATE
CHARACTERISTIC of the . SINGLES RATE, and on the setup of the measurement conditions. In
additjon, COUNT RATE) performance is strongly influenced by the amount of RANDOM
COINGIDENCES and by the accuracy of the subtraction of these events.

4.5.2 Purpose

The procedure described here is designed to evaluate deviations from the linear relationship
betweely COUNT RATE of TRUE COINCIDENCES and ACTIVITY, caused by COUNT LOSSES. As madern
PET Yemeoegraph e—ope ed—with—cout S errection Reme Rre—acedracy——-o

correction algorithms-shal is also-be tested.

4.5.3 Method
4.5.3.1 General

The test phantom-is shall be a solid right circular cylinder composed of polyethylene with a
specific density of (0,96 + 0,01) g/cm3, with an outside diameter of (203 + 3) mm, and with an
overall length of (700 £ 5) mm. A (6,5 + 0,3) mm hole is drilled parallel to the central axis of the
cylinder, at a radial distance of (45 £ 1) mm. For ease of fabrication and handling, the cylinder
may consist of several segments that-are shall be assembled together during testing. However,
in both design and assembly of the completed phantom, one-mustinsure shall ensure a tight fit
between adjacent segments, as even very small gaps will allow narrow axial regions of scatter-
free radiation.
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4.5.3.2 RADIONUCLIDE and ACTIVITY-#8E

The RADIONUCLIDE for the measurement shall be '8F or 11C. The variation of ACTIVITY-is shall

be obtained by radioactive decay-over—approximately10-HALFHIVES. The last frame shall be

acquired with a COUNT LOsSS of less than 1 %. The initial amount of ACTIVITY shall be high enough
to allow for the following two rates to be measured:

a) Rt max — maximum COUNT RATE of TRUE COINCIDENCES;

b) RNEc.max — Maximum noise equivalent count rate.

Recommendations for the initial ACTIVITY required to meet these objectives—should shall be
supplied by the MANUFACTURER.

4.5.3(3 RADIOACTIVE SOURCE distribution

The {est phantom LINE SOURCE insert-is shall be a clear polyethylene or polyethylene cgated
plast|c tube (800 + 5) mm in length, with an inside diameter of (3,2 £ 0,2),mm”and an outside
diampter of (4,8 + 0,2) mm. This tube shall be filled with a known quantity of ACTIVITY and
threaded through the 6,5 mm hole in the test phantom.

The fest phantom LINE SOURCE insert shall be filled with water well mixed with the meagured
amoynt of ACTIVITY to a length of (700 £ 5) mm and sealed at both’ends.This-LiNE-SOURcE{shalt

be-inberted-into-the-hole of the test phantom-such-that the AcTWTY-of the LINE SOURGCE-malches

pe-Hhperteaihtotnehore-oithetest P tom o oo tHiat T 7o TRy Ot i OYuUnRNo afciicy

the-lgngth-ofthe-polyethylenephantom- The test phantom with LINE SOURCE-is shall be moUynted

on the standard patient bed supplied by the MANUFAGTURER. The phantom shall be raised
(5 £ 0,5) cm above the patient bed, using a mounting,means such as foam blocks placed outside
the AXIAL FIELD OF VIEW, and shall be rotated such that the LINE SOURCE insert is positijoned
nearg¢st to the pat|ent bed (see Figure 3). The phantom shaII be centred in the TRANSVERSE

FIELD a O a led-in
the TRANSVVERSE FIEL D OE VIEW by alavation ofthe natient bed alone additional mountina aang
e RANSYER =D - &VatHoR-G e pPpatetoe o Re; aGaGHiof 1gREeans
suchlasfoam-blocks placed-ouiside the-AXIAL FIELD-OF ViEW - can-be-used by raising or lowgring
the bed. i AtA elevati rted-

If thelphantom cannot be centred as‘described above, then mounting blocks of other dimengions
may be used to centre the pha@ifom in the transverse field of view. The distance of the [table
from [the centre of the trans\erse field of view shall be reported.

Fo-begin-the-testa-source-of relativelyhigh-AcTivry-is The test phantom shall be placed in the

field jof view of the (POSITRON EMISSION TOMOGRAPH. Regular measurements (at least twp per
RADIQACTIVE HALF4LIFE)-are shall then be taken while the ACTIVITY in the phantom decays|over
sevefal RADIOACTIE HALF-LIVES. A decrease in the event rate accompanies the ACTIVITY dgcay.
In addition, the efficiency of the system in processing coincident events improves as the
ACTIMITY deeays, until COUNT LOSSES may be effectively neglected. Thus, by waiting|long
enoughy ene obtains a measurement of the COUNT RATE of TRUE COINCIDENCES that is effectively
free fram’ processing losses. By extrapolating this COUNT RATE of TRUE COINCIDENCES bagck to
higher ACTIVITY Tevels and comparing it o the COUNT RATE of TRUE COINCIDENCES measured at
these higher ACTIVITY levels, one may estimate COUNT LOSSES suffered by the system at higher
ACTIVITY levels. The accuracy of this technique depends critically on adequate statistics being
gathered at sufficiently low levels of ACTIVITY. This may require repeated measurements at the
lower COUNT RATES. Recommendations for the acquisition protocol required to meet these
objectives shall be supplied by the MANUFACTURER.

4.5.3.4 DATA COLLECTION

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

If the data are also to be used to calculate TOF RESOLUTION for 4.6, then the data shall be
acquired in TOF acquisition mode.
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4.5.4 Analysis
4.5.4.1 Test of the PET COUNT RATE PERFORMANCE
4.5.4.11 General

Data shall be assembled into SINOGRAMS. All events-will shall be assigned to the slice at the
midpoint of the corresponding LINE OF RESPONSE.

No corrections for variations in detector sensitivity, scatter, COUNT LOSS, or ATTENUATION shall
be applied to the measurements.

For tpbmographs with an AXIAL FIELD OF VIEW of 65 cm or less, SINOGRAMs of TRUE COINCIDENCES
shall|be generated for each acquisition i of slice j. For tomographs with an AXIAL FIERDYOF|VIEW
greafer than 65 cm, SINOGRAMs of TRUE COINCIDENCES shall be generated for each acquisition
for sljices within the central 65 cm.

4.5.41.2 Test

The felationship between COUNT RATE and ACTIVITY within the TOQTAL' FIELD OF VIEW of the
tomograph shall be measured. The time per frame shall be less than-one-half of the RADIOACTIVE
HALF{LIFE with the exception of the last three frames, which-ean ,may be longer. For eagh of
these last three frames, a minimum of 500 000 true coincident.counts shall be acquired.

The |nitial ACTIVITY in the phantom shall be determined from the ACTIVITY injected intp the
phanfom as measured in a calibrated dose calibrator.

The gaverage of the decaying ACTIVITY, A during the data acquisition interval for time frame

ave,i’

i, Tacq,,-, shall be determined by the following Formula (6):
Teal —To.i Taca.i
Aave,i = Acal 1 Ti2 eXp|: cal 0. |n2} 1—exp[—ﬂ|n2]
IN2 Tsq) T2 Tir2 6)
wherp
Aca | is the ACTIVITY times branching ratio ("positron activity") measured at time T_,;
To; | Is the acquisition start-time of the time frame i;

Ty;2 | is the RARIOACTIVE HALF-LIFE of '8F or 11C, respectively.

The BINOGRAMS shall be analysed without COUNT LOSS correction. All PIXELS in the acquired
SINOGRAM and in the corresponding randoms estimate SINOGRAMS located further than 25 cm
from [thie’SYSTEM AXIS shall be set to zero.

. . et o . |
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(1-SF;)?RE;

Rrotij + Reij

Rnec,ij =

For each time frame J, the total counts acquired, Nyt ;, and the total randoms estimated, N, ,

shalllbe computed as the sum of the remaining data.

For gach time frame i, Rygr ;, R, ; and R, ; shall be computed:

r,i’

a) Rrot,i= Ntor,i! T

b) R; =N ;/T;

c) Ryi=(1-SF)x(Nror;i-N: ) /T,
wherg
SF i the scatter fraction as calculated in 4.4.4;

T

g the acquisition time for frame J.

The poise equivalent count rate (NECR), Rygc ; for sach time frame shall be calculated a

U

Rnec,i = Ry 2é,(Rrot, + R:) (7)

The maximum NECR, Rygc max shall Be“reported, as well as the corresponding ACT|VITY,

ANEC,max-

4.5.j.2 Test of COUNT LOSS ccorrection scheme

4.5.4.2.1 General

For tpmographs with anyAXIAL FIELD OF VIEW of 65 cm or less, all slices shall be reconstrufcted.
For tbmographs with an AXIAL FIELD OF VIEW greater than 65 cm, only slices in the central 65 cm
shall| be reconstructed. Attenuation, scatter, COUNT LOSS and randoms correction shgll be
applipd to the{data. Images shall be reconstructed using standard methods without decay
correction.

4.5.4|.2.2 Test

All analyses shall be performed on each reconstructed image i,j. The average ACTIVITY Aave,i
for each acquisition / shall be calculated. The average effective ACTIVITY concentration Ay ; for
each acquisition / shall be computed by dividing A, ¢ ; by-22606 22 700 cm3, which is the volume
of the test phantom.

A circular REGION OF INTEREST (ROI) centred on the TRANSVERSE FIELD OF VIEW (not centred on
the LINE SOURCE) with a diameter of 18 cm shall be drawn on the reconstructed image for each

slice j.—Fhe-numberof TRUE-GOINGIDENGES-Cp g, ; —-this-ROlfer-each-slicejand-acquisition+
shall- be measured. The COUNT RATE of TRUE COINCIDENCES R . ~shall be calculated as the
RO
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For ¢

wher
(RN

For ¢
be c{

4.5.5

4.5.5

For t

ROV,

R
Ar,-’j=100( _1)%

Extr,i,j

i j is the average activity concentration in the ROI for eagly stice j and acquisition i.

ach slice j, the best fit ROl value 7F;; ; ;, shall be calculated by the following Formula

i
oo Aaveling 1ROk
Fiti,j — [ z A

k=1 ave,k

e | shall be the total number of \gequisitions with activity at or below maximum N
- max) @s determined in 4.5.4.12, and the sum shall be computed over each acquisiti

ach slice j of each acquisition /, the relative COUNT RATE error Ay j in percentage units
Iculated by the following”Formula (9):

47;= Trouij/ TFitij— 1

Report

1 PET COUNT RATE PERFORMANCE (see 4.5.4.1)

~~
(]
~—

ECR
on K.

shall

arsvstam tha followina four antitias as 2 fuunection of the avaeraae effactive_AC
H—SY-S+t8H—Re8—+oHOWHRg—o HHHHE8S—3aS—a—+HHGHGRA—OBH1R8—3V6 8—8H8GHV-6—A

IVITY

Oll fal
g oy

concentration A, ; shall be plotted:

a) R
b) R
c) R
d) R

L — COUNT RATE of TRUE COINCIDENCES;

ri — COUNT RATE of RANDOM COINCIDENCES;
NEC,i — noise equivalent count rate NECR,;
TOT,i — COUNT RATE of TOTAL COINCIDENCES.

The following values, derived from the above plot, shall be reported:

a) R
b) R

t,max — maximum COUNT RATE of TRUE COINCIDENCES;

NEC max — Mmaximum noise equivalent count rate;
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) At max — the ACTIVITY concentration at which Ry ,,, is reached;

d) A

NEC,max — the ACTIVITY concentration at which Rygc max is reached.

The method used for estimating RANDOM COINCIDENCES shall be reported.

4.5.5

2 Accuracy of COUNT LOSS correction (see 4.5.4.2)

A graph of the highest and lowest values among the slices of-4r,; Ay, ; versus—agg | Aggr ; shall

be-created plotted using a linear scale. The data points may be joined to form a continuous
curve.

The
repof

4.6
4.6.1

Time|

reconstruction.

NOTE

NOTE]
image

4.6.2

The

4.6.3

TOF

Figude 5 shows the geometry us€d in the processing and analysis of the coincidence data.

4.6.4 Radionuclide, Source distribution and data collection

See 1

4.6.5

For H
cons

ted.

Time-of-flight resolution
General

-of-flight data are used to localize the annihilation point along the MNE-OF-RESPONSE d

2 TOF resolution does not characterize the reconstruction grocéss or effect of TOF reconstruction
Purpose
purpose of this procedure is to characterizg the TOF RESOLUTION.

Method

RESOLUTION shall be measuredArom the data acquired in 4.5.

1.5.

Data processing

PET ,sGahners with an AXIAL FIELD OF VIEW of 65 cm or less, data from all slices sh4
deted. For PET scanners with an AXIAL FIELD OF VIEW greater than 65 cm, only axial g

in th

1 The measurement of TOF RESOLUTION is only applicable to thoge‘systems that offer TOF acquisitior].

maximum value of the bias—47; } [4y; | in the ACTIVITY range up to the ANec max shaLII be

uring

bn the

Il be
lices

S ntral m shall nsidered. N rrections for r nsitivity varis

tion,

scatter, random, deadtime or attenuation shall be applied to the measurements, except while
reconstructing the images used to localize the line source in 4.6.6.1.
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Line source

2022
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4.6.6
4.6.6

The

RNEq
a pix
syst¢g
trans|
shall

the li

the Igst transverse,stices defines the two points 5 and g, , respectively. The unit vector
he shall ngTculated as:

N
Intercept /

O
&
&

brtest distance between LOR and line source
tercept of the LOR with the line source shall be defined as @%oint along the LOR with the shortest di
line source. \Q
Figure 5 — Determination of L@distance from line source
g
Analysis $\

1 Identifying the line sourQ\g’osition

first frame of the dynamic (’a\qouence where the activity is below the maximum N
‘max> shall be reconstruc{\(a%v

b| size in the transvers{s)me not to exceed 2,5 mm, forming images in the PET coord
m. The location of ¢he line source shall be determined by a centroid calculation g
verse slices, ex
be used to fit wi

these centroid positions. The intersection of the line with the firs

tance

ECR,

ith all available corrections except for decay correctioT and

inate
n all
A line
I and
v for

O
D
&

Imag

4.6.6
4.6.6

_B-F
v=—2 1
D D
2 ™

es reconstructed for the count rate correction accuracy test in 4.5.4.2 may be used.
.2 Evaluation of time differences
2.1 General

The following analysis shall be performed on each time frame of the test phantom data
beginning with the last frame acquired above the maximum NECR, Rygc max @S measured in

4.5, and continuing through all frames with at least 500 000 prompt events acquired.
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4.6.6.2.2 2-D histogram formation

Each event shall be accumulated into one 2-D histogram for each acquisition j. The 2-D
histograms shall be centred on zero in both the time and spatial dimensions. The bin sizes At
and Ar shall be less than one-fourth of the expected FWHM of the timing and spatial
distributions, respectively.

For each coincidence event in the data set, r; and r; shall be defined as three-dimensional

coordinates of two points along the line in PET coordinates representing the coincidence event,
as used in image reconstruction (see Figure 5). Then, the following calculations shall be
performed.

a) Compute the unit vector i from ; to L, : N\

. 3%
L Qq’
k-5 U

b) Compute the distance r’ between the coincidence line and the Iinqé\»urce:

6\

T &

If |F|$(204+Ar) mm, this event shall be excluded from@QZ D histogram formation. Otherpwise,
contipue. Q
N

c) Compute the point I on the coincidence Iine@sest to the line source:

Z
RN

@a)-w—vw-m)a
av|* -1

U x

r=(4- P1)

~
Il

p?l

O

d) Compute the timing error ¢t’ as{he difference between the measured timing data for the ¢vent
hd its expected timing o&f}&)

)

. L-7-IL,-7
C)o@ t’=(t1—t2)—|1 |C|2 |

e) Clompute r@) as:

é t'— At
<</O Tzint[ At J

p=int —Ar
Ar

In this context, the function "int" means "round to the nearest integer". Each event shall be
accumulated into one 2-D histogram C; (7, p) for each acquisition ;.

4.6.7 Scatter and random removal

For each timing bin 7 of each acquisition j, the following shall be done.



https://iecnorm.com/api/?name=5b58465bc5de63c41dfc052ace7d9169

- 34 - IEC 61675-1:2022 RLV © |IEC 2022

a) Determine the counts per pixel, C ;;and Cr, ;, at the left and right edges, respectively, of
the 40 mm wide strip at the centre of Cj(r, p). If these points do not correspond to sample
locations of CI(T' p), these values are found by linear interpolation (see Figure 4).

b) Form the 1D timing histogram Cj(r) by summing contributions from all radial bins in the
40 mm wide strip and correcting for the background:

0

4.6.8 FWHM analysis

Eachl FWHM shall be determined by linear interpolation between adjacent PIXELS at half the
maximum PIXEL value, which is the peak of the response function (see Figure 1){ThHe maximum
PIXEY value Cj(t) shall be determined by a parabolic fit using the peak point and-ts two nejprest

neighbours. Values are converted to time units by multiplication with Az
4.6.9 Report
The following items shall be reported.

a) TPF resolution (FWHM+tqg())), plotted as a functign™of the effective radioagtivity
cpncentration A4,,.()), where the volume V is the total*volume of the cylindrical phantom
(22 700 ml).

ave(

TOF resolution (FWHMrqog) at effective sadioactivity concentration of 5,0 kBg/ml,
dpetermined by linear interpolation from the vatues of 4,,.(/) immediately above and RQelow
5/0 kBg/ml.

4.7 | Image quality and quantificationtaccuracy of source ACTIVITY concentrations gnd
PET/CT registration accuracy.

4.71 General

Contfast and noise are factors-'that affect image quality; their combination determines Igsion
detegtability. Contrast depends on the lesion-to-background ACTIVITY concentration ratio. linage
contriast is further compromised by finite SPATIAL RESOLUTION, scatter and randoms.| The
contrast resolution is.‘affected by the noise present in the background surrounding a lesiop.

4.7.2 Purpose

The purpose.of 4.7 is to measure image quality factors and quantification accuracy of the| PET
scanper, under normal imaging conditions. To mimic such normal imaging conditions, a forso
shappdphantom-shal-be is used containing multiple hot spheres of decreasing diameterg and
a coldTytimderimsertima warm backgrournd:

The contrast of the hot spheres is measured and compared to the noise in the background to
assess lesion detectability. Quantification accuracy is determined by comparing the measured
concentrations in the spheres, background, and lung cylinder insert to their true ACTIVITY
concentrations. Additional measurements include assessing the ability of the scanner to
quantify ACTIVITY concentration as a function of sphere size.

4.7.3 Method
4.7.3.1 General

The whole-body phantom-is-te shall be used for all measurements (see Figure 6) into which
hollow spheres and lung insert-are shall be placed (see Figure 7).


https://iecnorm.com/api/?name=5b58465bc5de63c41dfc052ace7d9169

IEC

A

61675-1:2022 RLV © IEC 2022 - 35—

Dimensions are in millimetres and are given within +1 mm

Centre of phantom

230

150

Mater

The p

al: polymethylmethacrylate.

hantom length-shal-be is at least 180 mm + 5 mm.

Figure 6 — Cross-section of body phantom

IEC
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Dimensions in millimetres

o, | o
Material: polymethylmethacrylate.

All diameters given are inside diameters. The wall thickness of the spheres-shall-be is <1 mm. The centres of the
spheres-shal-be are at the same distance from the surface of the mounting plate. The spheres can also be made
from glass. The lung insert cylinder is centred within the image quality phantom and has length that extends through

the entire chamber and diameter of 50 mm £ 2 mm.

Figure 7 — Phantom insert with hollow spheres
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The hollow spheres of decreasing diameter-are shall be arranged circularly and centred on a
single plane and shall have hollow stems that extend through the outer plate to permit filling of
the spheres with a radioactive liquid. The lung cylinder insert-has shall have a diameter of
(50 £ 2) mm and extends through the length of the phantom chamber. The cylinder-is shall be
filled with a low atomic number material of density of (0,30 + 0,10) g/cm3,-is shall be void of
ACTIVITY and-simulates shall simulate the ATTENUATION of the lung.

Abutted to the whole-body phantom at the head end (closer to the spheres)-is the scatter
phantom with LINE SOURCE shall be inserted — see Figure 8 a) — and-is shall be used to simulate
outside field of view source ACTIVITY. Known source ACTIVITY concentrations-are shall be added
to all the fillable spheres, image quality phantom background, and scatter phantom with LINE

SOUR
ACTI
back

CE Inserted. ['he-average ACTIVITY In the LINE SOURCE shall be chosen so that the eijig
ITY concentration in the scatter phantom including the LINE SOURCE-shal-be is equalt

ground ACTIVITY concentration in the image quality phantom.

Side view

Scanner Scanner  Scanner
position 1 POsition 2 position 3

Y
N

<1 AFOV >

Scatter phantom ]

Sphere

Overlap_region

ctive
o the

" [#&Lung insert

+— Body phantom

!
Mid-point of
scan 2
position

Patient
couch

IEC 2413/13
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Scanner Scanner Scanner
position 1 position 2 position 3

Overlap region
AFOV

Step

L Body phantom

Scatter phantom

PET/CT

gantry
Oa“ 7

Mid-point of
scan 2 position

IEC

a) — Without masses

Scanner
position 2
Body’phantom
Scatter phantom % - fphere
uhg
Mass of 20 k —la—— “J Mass of 40 kg
I |l LI =} | | |

60 cm
PET/CT

Mid+point of gantry
scan 2 position

IEC

b) — With masses

Figure 8 —Ilmage quality phantom and scatter phantom
position for whole body scan acquisition

A whple-body acquisition covering the length of the whole-body phantom shall be obtained.

The plgorithms-used for image reconstruction, scatter and ATTENUATION correction shall be
thosg¢ corresponding to the routine whole-body clinical image protocol. PIXEL values in unijits of
kBg/ml shall\be produced. Prior to this, a scanner CALIBRATION-is—reguired shall be condufcted.
Results forjadditional image reconstructions with enhancements may-be reported separatgly.

Following the acquisitions and image reconstruction, ROlIs-are shall be drawn on selected image
slices over the hot spheres, cold cylinder insert, and image quality phantom background. The
average ROI ACTIVITY concentrations-are shall be used for analysis.

4.7.3.2 RADIONUCLIDE

The RADIONUCLIDE for the measurement shall be 18F.

4.7.3.3 Source distribution

The ACTIVITY concentration in the whole-body phantom background shall be (5 + 0,3) kBg/ml.
The spheres shall be filled with an ACTIVITY concentration that is between 3,8 and 4,2 times the
ACTIVITY concentration in the background. The LINE SOURCE in the scatter phantom shall be filled
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with an ACTIVITY of (110 = 5) MBq. All ACTIVITY concentrations-are shall be specified for the time
at the start of acquisition. The RADIONUCLIDE in all phantoms shall be well mixed.

NOTE These concentrations correspond to a typical clinical dosage of 350 MBq in a 70 kg PATIENT for whole body
imaging.

The test is critically dependent upon the accurate assays of ACTIVITY to be used. The dose
calibrator, where it is difficult to maintain an absolute CALIBRATION to accuracies finer than 10 %,
may be used to assay starting ACTIVITY levels. Absolute reference standards using positron
emitters-should may be considered if higher degrees of accuracy are required.

If thermMANDFACTURERrecommentds rtower-dosagefor-thistesttheAcHy soncentratiomin all
phantoms may be lowered proportionately. The report shall include the MANUFACTURER
mended dosage.

4.7.3.4 Data collection

The yhole-body phantom-is shall be placed on the patient bed of the tomograph and-is shall be
centred within the TRANSVERSE FIELD OF VIEW. The plane passing throdgh the centre df the
sphefes in the whole-body phantom shall be aligned to the centre of/the AXIAL FIELD OF VIEW.
The line-source scatter phantom, set directly on the patient bed,-abuts shall abut to the head-
end ¢f the image quality phantom — see Figure 8 a). The distange, 0f the centre of the spheres
to thg¢ end of the bed shall be 60 cm.

A whiole-body acquisition over the length of the whole-body phantom shall be performed| It is
assumed that whole-body acquisition scan consists of multiple stationary scans with the
standard overlap between scan positions. The "step Siz€" is the axial distance the bed tranglates
betwgen positions and may be less than the AXIALRIELD OF VIEW. At least three scan positions
are required. Start position 1-s shall be determined by scan position 2 which-shal-be is akially
centried over the transverse plane of the spheres. Position 1-is shall be located towardp the
scattpr phantom at a distance equal to the "step size" used in clinical whole body scans| The
end gcan at position 3-is shall be where the scanner is moved a "step size" distance toward the
oppogite end of the image quality phantom so that the centre of the AXIAL FIELD OF VIEW is
located beyond the end of the phamtom. Additional scan positions in either direction shall be
necepsary if the AXIAL FIELD OF VIEW ©of the scanner is insufficient to cover the required length in
thred steps.

The acquisition time TID for a single position shall be computed as follows:

Tp = (dg, /100 cm) - 30 min (10)

wher

[

d

ax

is the axial distance in centimetres the bed translates between positions (step sizef).

Additional measurements-can may be taken for different values of scan time and axial coverage.
If additional measurements are taken, those values shall be included in the final report.

Prior to the start of the emission acquisition, a CT scan over the entire whole-body scan length
is shall be obtained with X-ray technique factors as prescribed per whole-body clinical protocol.
If the scanner does not have a CT component, then the prescribed method of transmission
imaging-must shall be applied and reported.

For the emission scan,-use an acquisition matrix, field of view size, slice thickness, acquisition
mode as 2D or 3D, and multiple scan overlap as prescribed for routine clinical whole-body scans
shall be used.
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Corrections for RANDOM COINCIDENCES shall be performed and the method used-must shall be
clearly reported. Enhancements such as time-of-flight information, depth-of-interaction may
also be enabled, and the enhancement method-must shall be reported. The start-time of the
emission scans-is shall be used as the reference time for computation of phantom ACTIVITY
concentrations and reporting.

Masses shall be added to the table as indicated in Figure 8 b). The PET and the CT acquisition
shall be repeated for bed position 2 only. The acquisition time T2p shall be two times of Tp.

4.7.3.5 Data processing

Trangverse slices shall be reconstructed over the length of the image quality phantom] The
standard reconstruction protocol for whole-body imaging shall be applied. The reconstruction
algorithm, methods used for ATTENUATION, scatter, and COUNT LOSS correctionsy and|post
recomstruct|on |mage f|Iter and aII assocrated parameters shall be reported —H—the—REl’—system
previd i
reeelery—these—resetts—may—be—reperted—separatety— Results from alternate reconstruction

protdcols may be reported separately.

4.7:] Data analysis
1

4.7.4. Data analysis for image quality and quantification_accuracy of source

ACTIVITY concentrations
4.7.41.1 General

The following analysis for the measurements withoutdweights present shall be performed.

4.7.41.2 Regions-of-interest
4.7.41.21 General

over

The (this
slice [will be referred toas the "S-slice"). Circular regions-of-interest (ROls) shall be drawn|over
the sjx spheres in the,S-slice. The ROI diameter-should shall be made as close as possible to

the The
averagge PIXEL ¥alue P; for each sphere shall be computed

4.7.

The dll be

identified. On these four slices and the S- slrce twelve 37 mm drameter ROIs shall be drawn
throughout the background at a distance of at least 15 mm from the edge of the phantom (see
Figure 9 for an example of background ROI placement on the S-slice). ROlIs corresponding to
the five smaller diameter spheres shall be drawn concentric within each of the 37 mm diameter
ROIls, producing a total of 60 background ROIs for each sphere diameter (12 ROIs on each of
the five slices).
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Twelve locations.are specified. At each location, six ROls, identical in size to the sphere ROls,-are shall be placed
conceptricakys

SOURCE: [1]1, used with permission.

Figure 9 — Placement of ROIs in the phantom background

For each sphere diameter,-compute the average PIXEL value for each of the 60 ROIls shall be
computed, then-compute the mean and standard deviation of those 60 ROI values shall be
computed.

4.7.41.2.4 Whole-body scan lung and background ROls

Braw-A 37 mm diameter ROl shall be drawn inside the lung insert on every transverse slice
over the entire length of the image quality phantom. Likewise,-draw a 37 mm diameter ROl shall
be drawn in the phantom background positioned 15 mm from the left edge of the phantom edge.

1 Numbers in square brackets refer to the Bibliography.
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Record-The average PIXEL values shall be recorded for all regions and label as WBBkg, and
WBLung,, respectively for slice k = 1,n where n is the last slice.

4.7.41.3 Image quality

The contrast recovery coefficient CRj for each sphere j with a diameter of 10 mm, 13 mm,

17 mm, 22 mm, 28 mm, and 37 mm, respectively, shall be computed. The index j is either 10,
13, 17, 22, 28, or 37 and matched to the diameter of the corresponding sphere.

CR, = (P/B;— 1) I(Ag/Ag — 1) (11)
wherp
Pj if the ROI value for sphere j, as computed in 4.7.4.1.2.2;
Bj i the average of the background ROI values for sphere j, as computed in-4.7.4.1.2.3;
Ag ig the ACTIVITY concentration in the spheres;
Ag ig the ACTIVITY concentration in the background.
The noise coefficient of variation CNj for each sphere diameter-shalt-be is computed as:
wherp
B; iqthe average of the background ROI values for'sphere j, as computed in 4.7.4.1.2.3;
Sj i the standard deviation of the background ROI values for sphere j, as computéd in

4(7.4.1.2.3.
The ¢ontrast-to-noise ratio CNR/- for each sphere diameter shall be computed as:
CNR; = (P;/B;—1)ICN; (13)

wherp
Pj is the ROI valyeyfor sphere j, as computed in 4.7.4.1.2.2;
Bj is the average of the background ROI values for sphere j, as computed in 4.7.4.1.2.3;
CNj is the noise coefficient of variation for sphere j, as computed in Formula (12).
4.7.41.4 Quantification accuracy
Compute—thePercentdeviation—shal-beecomputed from—trueACTHTY—conecentration—in the
phantom background as showed in Formula (14):
where
AQpg is the percent deviation from true ACTIVITY concentration in the background,;
B3, is the average PIXEL value for 37 mm ROl in the background (see 4.7.4.1.2.3) in units of

kBg/ml;
is the ACTIVITY concentration in the phantom background in units of kBg/ml.
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4.7.41.5 Accuracy of scatter and ATTENUATION corrections
Accuracy of scatter and ATTENUATION corrections-is shall be measured in the background and
the lung insert along the entire length of the phantom. A residual error in the lung insert-is shall

be calculated for every slice. Quantification accuracy-is shall be calculated for the background
ROI for every slice.

The residual error in the lung insert-is shall be calculated as showed in Formula (15):

ALR, = 100 % - WBLung,/Ag (15)

wher

[

ALR, is the percent residual error in slice k;
WBLUng, is the average PIXEL value in the lung insert ROl in slice k in units ef kBag/ml;

Ag is the ACTIVITY concentration in the phantom background in uniis’ of kBg/ml.

The quantification accuracy in the background is calculated as showed in Formula (16):

AQWB, =100 % - (WBBkg, — Ag)/Ag (16)
wherp
AQWB, is the percent residual error in slice k;

WBBkg, s the average PIXEL value in the background in slice k in units of kBg/ml;

Ag is the ACTIVITY concentration in the phantom background in units of kBg/ml.

4.7.42 Accuracy of PET and CT image registration Data analysis for PET/CT

registration accuracy

Alignment of the PET and CT image volumes is crucial for diagnosis and for ATTENUATION
correlction. X, Y, and Z-centroids_of each sphere on the PET and CT scans-should shgll be
calcylated using a 3D ROI toekif a 3D ROI tool is not available, then 2D ROls-are-te shall be
drawp on all slices which\contain the sphere. The image quality whole-body scan| and
corrgsponding CT scan will be used for comparison of the two image volumes.

The following analy§igShall be performed for the measurements with masses added according
to Figure 8 b).

On the PET scan,—completely-encircle the spheres shall be encircled completely.-Set All PJXELs
in the RQT that are greater than 1,25 times the average background (Bj for sphere j as deffined

in 4.7:4.2.3) within the ROI shall be set to one, otherwise they shall be set-them to zero} The
X, Y, - i ' ; , and
Formula (19):
Cx;j=Zx " ROlpgt,j(x.y,2)/Z ROIpg [(x.y,2); for all x,y,z of ROI (17)
Cy’j =Xy- ROIPET’j(x,y,z)/Z RO/PET,j(x,y,z); for all x,y,z of ROI (18)
CZ,j =Xz ROIPET,j(x,y,z)/E RO/PET,j(x,y,z); for all x,y,z of ROI (19)

Then-identify Cper,; = (Cx ), Cyj Cz ;) shall be identified as the centroid coordinate for sphere j
for PET.
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For the CT scan,-completely-encirele the spheres shall be encircled completely.-Set All PIXELs
in the ROl which belong to the sphere wall shall be set to one and the others to zero. The X, Y,
and Z-centroids—are shall then be calculated as showed in Formula (20), Formula (21) and
Formula (22):

CX,j =X X" ROICT,j(x,y,z)/Z ROICT,j(x,y,z); for all x,y,z of ROI (20)
Cy,j =Xy~ ROICT,j(x,y,z)/Z ROICT,j(x,y,z); for all x,y,z of ROI (21)
Cz,j =Xz ROICT,j(x,y,z)IZ ROICT,j(x,y,z); for all x,y,z of ROI (22)

Thent #y Ccr.j = (Cx ), Cy; Cz ) shall be identified as the centroid coordinate| for sphere j
for CJT.

Calellate-The distance between the PET and CT centroids shall be calculated for each sphere.

4.7.5 Report
4.7.51 Scan set up and phantom ACTIVITY concentrations
Repgrt-The following scan set up parameters shall be reporied:

— sg¢anner axial field of view;

|
o

bd "step size" between multiple acquisitions;

|
QO

Cquisition time per bed position;

|
—
Q.

tal whole-body scan length;
— (T acquisition parameters: kVp, mAs;-slice-thickness;

|
-

ET acquisition parameters: reconstructed field of view diameter, slice thickhpess,
cquisition mode as 2D or 3D, '‘and method of randoms correction;

WY

— rgconstruction algorithm, methods used for ATTENUATION, scatter, and dead-time counf loss
prrections, post reconstruction image filter and all associated parameters.

o

Repgrt-The sphere and\phantom background ACTIVITY concentrations at start of the| first
meagurement made with the phantom positioned according to Figure 8 a) shall be reportdd.

4.7.5.2 Image-quality

Repgrt-The-noise coefficient of variation for all spheres shall be reported.

RepgriThe contrast recovery coefficients for all spheres shall be reported.—ldentifyy The
smallest sphere that has a recovery coefficient greater than 0,90 shall be identified and
reported.

Report-The contrast-noise-ratio for all spheres shall be reported.-tdentify The smallest sphere
for which the contrast-noise-ratio exceeds four shall be identified and reported.

4.7.5.3 Quantification accuracy

Report-The percent deviation from true ACTIVITY concentration for the background for the
average PIXEL values in the region shall be reported.

4.7.5.4 Accuracy of scatter and ATTENUATION corrections

Plet-The residual error in the lung insert and background shall be reported for every slice.
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Report-The length of any portion of the phantom where the magnitude of the residual error
exceeds 10 % shall be reported.

4.7.5.5 Accuracy of PET and CT image registration

Report-The deviation distance in mm between the PET and CT centroids for each sphere shall
be reported.

5 ACCOMPANYING DOCUMENTS

5.1 General

A ddcument shall accompany each POSITRON EMISSION TOMOGRAPH—and—shal—iaghude| that
inclufles the information contained in 5.2 to 5.8.

5.2 | Design parameters and configuration
btector element dimensions and number of elements;

d
— dpetector material;

CPINCIDENCE WINDOW;
— dgtector ring diameter;
_ ph; i
— TRANSVERSE FIELD OF VIEW;
— AKIAL FIELD OF VIEW;
— S|NOGRAM sampling (linear and angular);

— akial sampling;

— epergy windQw
— akial accepfance angle;
— rgconstredetion algorithm;

— mlethod of RANDOM COINCIDENCE estimation;

— any additional Information being considered essential by the MANUFACTURER 1o characierize
normal operation.

5.3 SPATIAL RESOLUTION

— TRANSVERSE RESOLUTION (radial and tangential) according to 4.2.5;
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— AXIAL RESOLUTION according to 4.2.5;
— axial PIXEL dimension according to 4.2.5;
— transverse PIXEL dimensions according to 4.2.5.

5.4 Sensitivity
— SLICE SENSITIVITY according to 4.3.5;
— VOLUME SENSITIVITY according to 4.3.5.

5.5 SCATTER FRACTION

SCAT[TER FRACTIONS SFi and SF according to 4.4.5.

5.6 | COUNT RATE performance

DUNT RATE CHARACTERISTIC and derived quantities according to 4.5.5.1;

c
— method of correction for RANDOM COINCIDENCES according to 4.5.5.1;
afcuracy of COUNT LOSS correction and associated plots according ta/475.5.2.

5.7 | TIME-OF-FLIGHT resolution
— TPF-resolution (FWHM+tqE ), FWHMrE) and derived quantjties”according to 4.6.9.

5.8 | Image quality and quantification accuracy of source ACTIVITY concentrations
— sg¢an set up and phantom ACTIVITY concentrations according to 4.7.5.1;

|
=

nage quality according to 4.7.5.2;
Lantification accuracy according to 4.7.5.3;

| |
[VEe]

ccuracy of scatter and ATTENUATION corrections according to 4.7.5.4;
— agcuracy of PET and CT image registration according to 4.7.5.5;
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization.comy
all|national electrotechnical committees (IEC National Committees). The object of IEC is to promete interng
cofoperation on all questions concerning standardization in the electrical and electronic fields) T.6 this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications|, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").
preparation is entrusted to technical committees; any IEC National Committee interestedin the subject deg
may participate in this preparatory work. International, governmental and non-governmerital organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the.International Organizat
Standardization (ISO) in accordance with conditions determined by agreement hetween the two organizati

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
cohsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made te’ ensure that the technical content

Publications is accurate, IEC cannot be held responsible fer'the way in which they are used or fg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
tragnsparently to the maximum extent possible in their national and regional publications. Any divergence b¢
IEC Publication and the corresponding national orregional publication shall be clearly indicated in the

itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification*bodies.

Alljusers should ensure that they have the“latest edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual exper
mgmbers of its technical committeesiand IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the-correct application of this publication.

At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall,not be held responsible for identifying any or all such patent rights.
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medicineand radiation dosimetry, of IEC technical committee 62: Electrical equipmegnt in
meditalpractice. It is an International Standard.

This third edition cancels and replaces the second edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical change with respect to the previous
edition: requirements have been changed or newly created regarding the technical aspects of
SPATIAL RESOLUTION, sensitivity measurement, SCATTER FRACTION, COUNT RATE performance,
image quality, PET/CT registration accuracy and time-of-flight resolution.
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text of this International Standard is based on the following documents:
Draft Report on voting
62C/811/CDV 62C/828/RVC

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

The

In th

language used for the development of this International Standard is English.

or as| noted: small capitals.

This

document was drafted in accordance with ISO/IEC Directives, Part 2, anddevelop

accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, ava

at w

descfibed in greater detail at www.iec.ch/standardsdev/publications.

A list|of all parts in the IEC 61675 series, published under the general title Radionuclide im
devides — Characteristics and test conditions, can be found on.the IEC website.

The

stability date indicated on the IEC website under webstore.iec.ch in the data related t
spec|fic document. At this date, the document will be

g¢confirmed,

e withdrawn,

gplaced by a revised edition, or

e amended.

is document, the following print types are used: terms defined in Clause 3 of this doeument

ed in
jlable

vw.iec.ch/members_experts/refdocs. The main document types developed by IEQ are

hging

ommittee has decided that the contents of this document will remain unchanged unfjil the

b the

IMP

ents. Users should therefore print this document using a colour printer.

DRTANT — The "colour jnside" logo on the cover page of this document indicates thaf
contains colours which are'considered to be useful for the correct understanding of its
con

it
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INTRODUCTION

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 document describes test
conditions in accordance with this acquisition characteristic. In addition, today a POSITRON
EMISSION TOMOGRAPH often includes X-RAY EQUIPMENT for COMPUTED TOMOGRAPHY (CT). For this
document, PET-CT hybrid devices are considered to be state of the art, dedicated POSITRON
EMISSION TOMOGRAPHS not including the X-ray component being special cases only.

While the test methods specified herein are optimized for the PET component of PET-CT hybrid
devices thny may also be used for the PET rnmlnnman’r of PET-MR hyhrid devices

The fest methods specified in this document have been selected to reflect as much as pogsible
the clinical use of POSITRON EMISSION TOMOGRAPHS. It is intended that the tests be carried out
by MANUFACTURERS, thereby enabling them to declare the characteristics of POSITRON EMI$SION
TOMJGRAPHS in the ACCOMPANYING DOCUMENTS. This document does not indicate which |tests
will e performed by the MANUFACTURER on an individual tomograph or which  class-standards
may |be used to characterize the performance of POSITRON EMISSION~TOMOGRAPHS by the
MANUFACTURER.
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RADIONUCLIDE IMAGING DEVICES -
CHARACTERISTICS AND TEST CONDITIONS -

Part 1: Positron emission tomographs

1 Scope

This part of IEC 61675 specifies terminology and test methods for declaring the characterjstics
of PQSITRON EMISSION TOMOGRAPHS. POSITRON EMISSION TOMOGRAPHS detect the ANNIHILATION
RADIATION of positron emitting RADIONUCLIDES by COINCIDENCE DETECTION.

2 Normative references

The following documents are referred to in the text in such a way that seme or all of their coptent
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenceddocument (including| any
amendments) applies.

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

3 Terms and definitions

For the purposes of this document, the terms.@nd definitions given in IEC TR 60788:2004 and
the following apply.

ISO and IEC maintain terminological\databases for use in standardization at the follgwing
addregsses:

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

e |30 Online browsing platform: available at http://www.iso.org/obp

3.1
tomqgraphy
radiography of ong or more layers within an object

[SOYRCE:_IEC TR 60788:2004, rm-41-15]

3.11
emission computed tomography

ECT

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

3.1.1.1

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 1 to entry: This process is mathematically described by line integrals in the direction of PROJECTION (along the
LINE OF RESPONSE) and called "Radon transform".
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3.1.1.2

projection beam

beam that determines the smallest possible volume in which the physical property which
determines the image is integrated during the measurement process

Note 1 to entry: The PROJECTION BEAM's shape is limited by SPATIAL RESOLUTION in all three dimensions.

Note 2 to entry: The PROJECTION BEAM mostly has the shape of a long thin cylinder or cone. In POSITRON EMISSION
TOMOGRAPHY, it is the sensitive volume between two detector elements operated in coincidence.

3.1.1.3
projection angle
angle at which the PROJECTION is measured or acquired

3.1.1}4

sinogram
two-dimensional display of all one-dimensional PROJECTIONS of an OBJECT SLICE,"as a function
of th¢ PROJECTION ANGLE

Note 1 to entry: The PROJECTION ANGLE is displayed on the ordinate, and the linear projection coordinfate is
displayed on the abscissa.

3.1.1|5

object slice
phys|cal property that corresponds to a slice in the object ‘and that determines the measgured
information and which is displayed in the tomographic image

3.1.116
image plane
plang assigned to a plane in the OBJECT SLICE

Note ] to entry: Usually, the IMAGE PLANE is the midplane of the corresponding OBJECT SLICE.

3.1.17

systém axis
axis pf symmetry, characterized by geometrical and physical properties of the arrangemant of
the system

Note ] to entry: For a circulanROSITRON 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.

3.1.18

tomqggraphic volume
juxtapositioncofvall volume elements which contribute to the measured PROJECTIONS for all
PROJECTION-ANGLES

3.1.1.8:1
transverse field of view
dimensions of a slice through the TOMOGRAPHIC VOLUME, perpendicular to the SYSTEM AXIS

Note 1 to entry: For a circular TRANSVERSE FIELD OF VIEW, it is described by its diameter.

Note 2 to entry: For non-cylindrical TOMOGRAPHIC VOLUMES, the TRANSVERSE FIELD OF VIEW may depend on the axial
position of the slice.

3.1.1.8.2

axial field of view

AFOV

field which is characterized by dimensions of a slice through the TOMOGRAPHIC VOLUME, parallel
to and including the SYSTEM AXIS
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Note 1 to entry: In practice, the AXIAL FIELD OF VIEW 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 RESOLUTION.

3.1.1.8.3
total field of view
field which is characterized by dimensions (three-dimensional) of the TOMOGRAPHIC VOLUME

3.1.2

positron emission tomography

PET

EMISSION COMPUTED TOMOGRAPHY utilizing the ANNIHILATION RADIATION of positron emitting
RADIQNUCIIDES by COINCIDENCE DETECTION

3.1.21

positron emission tomograph
tomographic device, which detects the ANNIHILATION RADIATION of positton emijtting
RADIQNUCLIDES by COINCIDENCE DETECTION

3.1.2,2
annihilation radiation
ioniz|ng radiation that is produced when a particle and its antiparticle,interact and cease to|exist

3.1.23

coingidence detection
methpd which checks whether two opposing detectors “have detected one photon [each
simultaneously

Note 1 to entry: By this method, the two photons are congatenated into one event.

Note 4 to entry: The COINCIDENCE DETECTION between<two opposing detector elements serves as an eleg¢tronic
collimation to define the corresponding PROJECTION BEAM or LINE OF RESPONSE (LOR), respectively.

3.1.24
coingidence window
time jnterval during which two deteeted photons are considered being simultaneous

3.1.2,5

line ¢pf response
LOR
axis pf the PROJECTION.BEAM

Note 1 to entry: |ImPET, the LINE OF RESPONSE is the line connecting the centres of two opposing detector elements
operafed in coineidence.

3.1.2.6
total|coincidences

sum bfal-coincidences-detected

otoo

3.1.2.61

true coincidence

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

3.1.2.6.2

scattered true coincidence

TRUE COINCIDENCE where at least one participating photon was scattered before the COINCIDENCE
DETECTION
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3.1.2.6.3
unscattered true coincidence
the difference between TRUE COINCIDENCES and SCATTERED TRUE COINCIDENCES

3.1.2.6.4

random coincidence

result of a COINCIDENCE DETECTION in which participating photons do not originate from the same
positron annihilation.

3.1.2.7
singles rate
COUNT RATE measured without COINCIDENCE DETECTION, but with energy discrimination

3.1.3
two-fimensional reconstruction
imagg reconstruction at which data are rebinned prior to reconstruction into 8SINOGRAMS, which
are the PROJECTION data of transverse slices, which are considered being independent of [each
othen and being perpendicular to the SYSTEM AXIS

3.1.
thre¢-dimensional reconstruction
imagp reconstruction at which the LINES OF RESPONSE are notd{estricted to being perpendicular
to the¢ SYSTEM AXIS so that a LINE OF RESPONSE may pass severdl transverse slices

3.2
image matrix
<nuc]ear medicine> matrix in which each element\corresponds to the measured or calcuflated
phys|cal property of the object at the location*described by the coordinates of this MATRIX
ELEMENT

3.21
matrjx element
smallest unit of an IMAGE MATRIX, s\which is assigned in location and size to a certain vglume
elempent of the object (VOXEL)

3.2.2
pixe
MATRIX ELEMENT in a two-dimensional IMAGE MATRIX

3.2.3
voxe]
volume element in the object which is assigned to a MATRIX ELEMENT in a two- or three-
dimepsional' IMAGE MATRIX

Note 1 to entry: 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.

3.3

point spread function

PSF

scintigraphic image of a POINT SOURCE

3.3.1

physical point spread function

<tomographs> two-dimensional POINT SPREAD FUNCTION in planes perpendicular to the
PROJECTION BEAM at specified distances from the detector

Note 1 to entry: The PHYSICAL POINT SPREAD FUNCTION characterizes the purely physical (intrinsic) imaging
performance of the tomographic device and is independent of for example sampling, image reconstruction and image
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processing. A PROJECTION BEAM is characterized by the entirety of all PHYSICAL POINT SPREAD FUNCTIONS as a function
of distance along its axis.

3.3.2

axial point spread function

profile passing through the peak of the PHYSICAL POINT SPREAD FUNCTION in a plane parallel to
the sYSTEM AXIS

3.3.3
transverse point spread function
reconstructed two-dimensional POINT SPREAD FUNCTION in a tomographic IMAGE PLANE

Note 1 to entry: In TOMOGRAPHY, the TRANSVERSE POINT SPREAD FUNCTION can also be obtained from a LINE'SPURCE
locatef parallel to the SYSTEM AXIS.

3.4
spatial resolution
<nuc]ear medicine> ability to concentrate the count density distribution in the image of a POINT
SOURCE to a point

3.4.1
trangverse resolution
SPAT|AL RESOLUTION in a reconstructed plane perpendicular to theSYSTEM AXIS

3.4.1}1

radigl resolution
TRANBVERSE RESOLUTION along a line passing through-the position of the source and the SY[STEM
AXIS

3.4.1.2
tangential resolution
TRANBVERSE RESOLUTION in the direction.orthogonal to the direction of RADIAL RESOLUTION

3.4.2
axial resolution
SPAT|AL RESOLUTION along a Jine-parallel to the SYSTEM AXIS

Note 1 to entry: AXIAL RESOLUTION only applies for tomographs with sufficiently fine axial sampling fulfilling the
sampl|ng theorem.

3.4.3
equiyalent width
EW
width of thaturectangle having the same area and the same height as the response fungtion,
e.g., the POINT SPREAD FUNCTION

Note 1 to entry: EW better reflects scatter tails of the response function than FWHM or FWTM.

[SOURCE: IEC TR 60788:2004, rm-34-45, modified — Note to entry added.]

3.4.4

full width at half maximum

FWHM

for a bell-shaped curve, distance parallel to the abscissa axis between the points where the
ordinate has half of its maximum value

[SOURCE: IEC TR 60788:2004, rm-73-02]


https://iecnorm.com/api/?name=5b58465bc5de63c41dfc052ace7d9169

3.5

-12 - IEC 61675-1:2022 © |IEC

recovery coefficient
measured (image) ACTIVITY concentration of an active volume divided by the true ACTIVITY
concentration of that volume, neglecting ACTIVITY calibration factors

Note 1 to entry:

concentration in a large volume.

3.6
slice

sensitivity

2022

For the actual measurement, the true ACTIVITY concentration is replaced by the measured ACTIVITY

ratio of COUNT RATE as measured on the SINOGRAM to the ACTIVITY concentration in the phantom

Note
FRACT

3.7

volume sensitivity

sum

3.8
coun
funct

[SOU

3.8.1
coun
differ
RESO

3.8.2
coun
numl

3.8.3
true
COUN

[SOU

3.9
scatt
SF
ratio

to entry: In PET, the measured counts are numerically corrected for scatter by subtracting the.SQ
ON.

bf the individual SLICE SENSITIVITIES

t rate characteristic

on giving the relationship between observed COUNT RATE and{TRUE COUNT RATE
RCE: IEC TR 60788:2004, rm-34-21]

t loss

ence between measured COUNT RATE and TRUE COUNT RATE, which is caused by the
LVING TIME of the instrument

t rate
er of counts per unit of time

count rate
T RATE that would be observed if the RESOLVING TIME of the device were zero

RCE: IEC TR 60788:2004, rm-34-20]

er fraction

between SCATTERED TRUE COINCIDENCES and the sum of SCATTERED plus UNSCATTERED

COIN

ATTER

finite

TRUE

CIDENCES for a given experimental set-up

3.10

point source
RADIOACTIVE SOURCE approximating a &-function in all three dimensions

3.1

line source
straight RADIOACTIVE SOURCE approximating a o-function in two dimensions and being constant
(uniform) in the third dimension
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3.12

calibration

<emission computed tomography> process to establish the relation between COUNT RATE per
volume element locally in the image and the corresponding ACTIVITY concentration in the object
for object sizes not requiring RECOVERY CORRECTION

Note 1 to entry: In order to have this CALIBRATION fairly independent of the object under study, the application of
proper corrections to the data, e.g., ATTENUATION, scatter, COUNT LOSS, radioactive decay, detector normalization,
RANDOM COINCIDENCES (PET), and branching ratio (PET) is mandatory. The independency of the object is required to
scale clinical images in terms of kBg/ml or standardized uptake values (SUV).

3.13

PET fcount rate performance
relatijonship between the measured COUNT RATE of TRUE COINCIDENCES, RANDOM COINCIDENCES,
TOTAL COINCIDENCES, and noise equivalent count rate versus ACTIVITY

3.14
timetof-flight resolution
TOF [resolution

unceftainty of the measurement of the difference of the arrival time of the<two photons from the
samg annihilation event

4 Test methods

4.1 General

For gdll measurements, the acquisition parameters of{the tomograph shall be set up accofding
to its|[normal mode of operation, i.e., it is not adjusted specially for the measurement of spgecific
parameters. If the tomograph is specified to“Operate in different modes influencing the
perfgrmance parameters, for example with~‘different axial acceptance angles, with Two-
DIMENSIONAL RECONSTRUCTION and THREE-DIMENSIONAL RECONSTRUCTION, the test results |shall
be reported for every mode of operationsFhe tomograph configuration (e.g. energy thresholds,
axiallacceptance angle, reconstructionialgorithm) shall be chosen according to the MANUFACTU-
RER’§ recommendation and clearly,stated. If any test cannot be carried out exactly as spetified
in this document, the reason for/the deviation and the exact conditions under which thg test
was performed shall be stated.cléarly.

It is| postulated that a“W\POSITRON EMISSION TOMOGRAPH is capable to estimate RANDOM
COINGIDENCES and to(perform the appropriate correction. In addition, a POSITRON EMI$SION
TOMJGRAPH providés) corrections for scatter, ATTENUATION, COUNT LOSS, branching ratio,
radiofactive decay,\and CALIBRATION.

The ,‘I:/St phantoms shall be centred within the tomograph’s AXIAL FIELD OF VIEW, if not spegified
otherwisg.

4.2 ~SPATIAL RESOLUTION
4.21 General

SPATIAL RESOLUTION measurements describe partly the ability of a tomograph to reproduce the
spatial distribution of a tracer in an object in a reconstructed image. The measurement shall be
performed by imaging POINT SOURCES in air and reconstructing images, using a sharp
reconstruction filter. Although this does not represent the condition of imaging a PATIENT, where
tissue scatter is present and limited statistics require the use of a smooth reconstruction filter
and/or iterative reconstruction methods, the measured SPATIAL RESOLUTION provides an
objective comparison between tomographs.
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4.2.2 Purpose

The purpose of this measurement is to characterize the ability of the tomograph to recover small
objects.

The SPATIAL RESOLUTION shall be characterized by the width of the reconstructed TRANSVERSE
POINT SPREAD FUNCTIONS of radioactive POINT SOURCES. The width of the point spread function
shall be measured by the FULL WIDTH AT HALF MAXIMUM (FWHM) and the EQUIVALENT WIDTH (EW).

4.2.3 Method

4.2.3[1 General

For gll systems, the SPATIAL RESOLUTION shall be measured in the transverse IMAGE_PLANE in
two directions (i.e., radially and tangentially) and in the axial direction.

4.2.3(2 RADIONUCLIDE

The RADIONUCLIDE for the measurement shall be '8F or 22Na, with am\ACTIVITY such thdt the
perceént COUNT LOSS is less than 5 % or the RANDOM COINCIDENCE rate€)is less than 5 % qaf the
TOTAL COINCIDENCE rate.

4.2.3.3 RADIOACTIVE SOURCE distribution
4.2.3.3.1 General

POINT SOURCES shall be used with the largest dimension less than or equal to 1 mm.

4.2.3.3.2 Source positioning

POINT SOURCES, suspended in air, shall hevused to minimize scatter, for measuremerits of
TRANBVERSE RESOLUTION. Resolution measurements shall be made on two planes perpendicular
to th¢ LONG AXIS of the tomograph, one at the centre of the AXIAL FIELD OF VIEW and the segcond
on a plane offset from the central plane by 3/8 of the AXIAL FIELD OF VIEW (i.e., one-eighth of the
AXIA FIELD OF VIEW from the end-of the tomograph). On each plane, sources shall be positioned
at 1 ¢m, 10 cm, and 20 cm from-the SYSTEM AXIS (the 20 cm location may be omitted if it is not
covefed by the TRANSVERSE_FIELD OF VIEW). The sources shall be positioned on either the
horizpntal or vertical line intersecting the SYSTEM AXIS, so that the radial and tangential
directions are aligned with the image grid.

4.2.3.4 Data.collection

Data|shall be collected for all sources in each of the six positions specified in 4.2.3.3.2, gither
singly or-~in—groups of multiple sources, to minimize the data acquisition time. At |least
100 000, counts for each POINT SOURCE shall be acquired.

4.2.3.5 Data processing

Filtered backprojection reconstruction using a ramp filter with the cutoff at the Nyquist frequency
of the PROJECTION data or its 3D equivalent shall be employed for all SPATIAL RESOLUTION data.
No resolution enhancement methods shall be used. The pixel size in the transverse plane shall
be chosen to allow at least 3 pixels per FWHM.

Results obtained using alternate reconstruction algorithms may be reported in addition to the
filtered backprojection results, provided that the alternate reconstruction methods and their
parameters are described in sufficient detail to reproduce the study results.
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4.2.4 Analysis

The RADIAL RESOLUTION and the TANGENTIAL RESOLUTION shall be determined by forming one-
dimensional response functions. These response functions shall be created by taking profiles
from the TRANSVERSE POINT SPREAD FUNCTION through the reconstructed 3D-image of each POINT
SOURCE in radial and tangential directions passing through the peak of the distribution. The
width of each profile shall be two times the expected FWHM in both directions perpendicular to
the direction of the analysis.

The AXIAL RESOLUTION of the POINT SOURCE measurements shall be determined by forming one-
dimensional response functions (AXIAL POINT SPREAD FUNCTIONS), which result from taking
profiles—throughthe Teconstructed—3D=immageimtheaxiatdirectiom passingthroughthepepk of
the distribution. The width of each profile shall be two times the expected FWHM=in|both
direcfions perpendicular to the direction of the analysis.

Eachl FWHM shall be determined by linear interpolation between adjacent PIXEKS at half the
maximum PIXEL value, which is the peak of the response function (see Figure 1). The maximum
PIXEU value C,, shall be determined by a parabolic fit using the peak point,and its two neprest

neighbours. Values shall be converted to millimetre units by multiplication’with the appropriate
PIXEY width.
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NOTE[ C,, is the maximum value of the interpolation curve, A and B are the points where the interpolation| count
curve uts the line/ofhalf-maximum value. Then FWHM = X — X,.

Figure 1 — Evaluation of FWHM

EachlEQUIVALENT WIDTH (EW) shall be measured from the corresponding response function. EW
shall be calculated from Formula (1):

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

m is the maximum PIXEL value of the profile as determined in the FWHM calculation above,
as opposed to the maximum pixel value among the pixel locations;

PW  is the PIXEL width in millimetres (see Figure 2).
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NOTE| EW is given by {the width of that rectangle having the area of the LINE SPREAD FUNCTION and its maximum
value [Cp,.
EW {4 3(C; x PWY/Cm
The PIXEL width*PW is x; , — X;.
The afeas’shaded differently are equal.

Figure 2 — Evaluation of EQUIVALENT WIDTH (EW)

4.2.5 Report

RADIAL RESOLUTION, TANGENTIAL RESOLUTION, and AXIAL RESOLUTION (FWHM and EW) for each
POINT SOURCE position shall be calculated and reported. Transverse and axial PIXEL dimensions
shall be reported.

If special reconstruction methods were used, the results of the tests shall be reported together
with the exact description of the methodology.
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4.3 Tomographic sensitivity
4.3.1 General

Tomographic sensitivity is a parameter that characterizes the rate at which coincidence events
are detected in the presence of a RADIOACTIVE SOURCE in the limit of low ACTIVITY where COUNT
LOSSES and RANDOM COINCIDENCES are negligible. The measured rate of TRUE COINCIDENCES 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.

TRUE
irical

phantom of given dimensions.

4.3.3 Method
4.3.311 General

The fomographic sensitivity test places a specified volume of radioactive solution of khown
ACTIMITY in the TOTAL FIELD OF VIEW of the POSITRON EMISSION, TOMOGRAPH and observes the
resulting COUNT RATE. The system’s sensitivity shall be calculated from these values. The test
is critically dependent upon accurate assays of ACTIVITY as*measured in a dose calibrafor or
well ¢ounter. It is difficult to maintain an absolute CALIBRATION with such devices to accuracies
finerjthan 10 %. Absolute reference standards using-positron emitters should be considefed if
highgr degrees of accuracy are required.

One pf the later frames of the PET COUNT RATE PERFORMANCE test (4.5) can be used to detefmine
the SLICE SENSITIVITY and VOLUME SENSITIVITY.if the RADIONUCLIDE used for these measurements
. 18 3
is '°F.

4.3.3(2 RADIONUCLIDE

The RADIONUCLIDE used for thesé measurements shall be 18F. The amount of ACTIVITY 4t the
time [of the tomographic sensitivity measurement shall be such that the percentage of COUNT
LOSSES is less than 2 %.

4.3.3(3 RADIOACTIVE SOURCE distribution

The test phantem shall be a solid right circular cylinder composed of polyethylene with a spgcific
dens|ty of (0(96°+ 0,01) g/cm3, with an outside diameter of (203 + 3) mm, and with an oYerall
length of (700 £ 5) mm. A (6,5 £ 0,3) mm hole is drilled parallel to the central axis of the
cylinger, at a radial distance of (45 + 1) mm. For ease of fabrication and handling, the cyljnder
may consist of several segments that are assembled together during testing. However, in|both
design and assembly of the completed phantom, adjacent segments shall be fit tightly together,
as even very small gaps will allow narrow axial regions of scatter-free radiation.

The test phantom LINE SOURCE insert shall be a clear polyethylene or polyethylene coated plastic
tube (800 £ 5) mm in length, with an inside diameter of (3,2 + 0,2) mm and an outside diameter
of (4,8 £ 0,2) mm.

The test phantom LINE SOURCE insert shall be filled with water well mixed with the measured
amount of ACTIVITY to a length of (700 £ 5) mm and sealed at both ends. This LINE SOURCE shall
be inserted into the hole of the test phantom such that the ACTIVITY of the LINE SOURCE matches
the length of the polyethylene phantom. The test phantom with LINE SOURCE shall be mounted
on the standard patient bed supplied by the MANUFACTURER. The phantom shall be raised

(5 +£0,5) cm above the patient bed, using a mounting means such as foam blocks placed outside
the AXIAL FIELD OF VIEW, and rotated such that the LINE SOURCE insert is positioned nearest to
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the patient bed (see Figure 3). The patient bed shall be positioned (15,2 £ 0,5) cm below the
centre of the TRANSVERSE FIELD OF VIEW, so that the phantom is centred in the TRANSVERSE FIELD
OF VIEW.

If the phantom cannot be centred as described above, then mounting blocks of other dimensions
may be used to centre the phantom in the transverse field of view. The distance of the table
from the centre of the transverse field of view shall be reported.

Dimensions in millimetres

253

6,5 mm hole (2

-

50

v \ Bed top

IEC

NOTE| The 6,5 mm hole is for insertion of the LINE SOURCE.

Figure 3 — Scatter phantom configuration and position on the imaging bed

4.3.3.4 Data collection

Each|coincident event between individual detectors shall be taken into account only once.[Data
are assembled into SINOGRAMSAIl events shall be assigned to the transverse slice passing the
midppint of the corresponding’LINE OF RESPONSE.

At least 500 000 true - ‘coincident counts are acquired.

4.3.3.5 Data)processing

The ACTIVIFY.Concentration in the phantom shall be corrected for decay to determing the
aveI:Tge ACTIVITY concentration, a during the data acquisition time, T by the follgwing

acq’
Formula«(2):

ave’

- T,
Aave = Acal 1 Tz exp Teal = To In2 || 1- exp| — —=In2
V In2Tye, Tip Tip

(2)
where
74 is the nominal volume of the test phantom (22 700 cm3);
Acal  is the ACTIVITY times branching ratio ("positron activity") measured at time T,;
Ty is the acquisition start time;

Ty is the RADIOACTIVE HALF-LIFE of the RADIONUCLIDE.
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No corrections for detector normalization, COUNT LOSS, SCATTERED TRUE COINCIDENCES, and
ATTENUATION shall be applied. The data shall be corrected for RANDOM COINCIDENCES.

4.3.4 Analysis
All PIXELS in the SINOGRAM located further than 25 cm from the SYSTEM AXIS shall be set to zero.
The total counts C;;,; on each slice i shall be obtained by summing all PIXELS in the

corresponding SINOGRAM. The SLICE SENSITIVITY S; for unscattered events shall be found by the
following Formula (3):

s _Ciwor (1-SF)
e (3)
acq Qave
wherp
SF; is the corresponding SCATTER FRACTION (see 4.4).

The YOLUME SENSITIVITY, S, shall be the sum of S; over all slices of the tomograph withip the
AXIAY FIELD OF VIEW.

4.3.5 Report

The YOLUME SENSITIVITY S, shall be reported. A graph’of SLICE SENSITIVITY S; values shall be
repofted.

4.4 | Scatter measurement
4.41 General
The gcattering of photons createdin_the annihilation of positrons results in coincidence eyents

with false information for radiation-source localization. Variations in design and implemen:Lation
causg POSITRON EMISSION TOMQGRAPHS to have different sensitivities to scattered radiation.

4.4.2 Purpose
The [purpose of this )procedure is to measure the relative system sensitivity to scatiered

radiation, expressed by the SCATTER FRACTION (SF), as well as the values of the SCATTER
FRAC[TION in eaCh-slice SF;.

4.4.3 Method

4.4.3"14——General

The test phantom shall be a solid right circular cylinder composed of polyethylene with a specific
density of (0,96 + 0,01) g/cm3, with an outside diameter of (203 + 3) mm, and with an overall
length of (700 £ 5) mm. A (6,5 £ 0,3) mm hole shall be drilled parallel to the central axis of the
cylinder, at a radial distance of (45 £ 1) mm. For ease of fabrication and handling, the cylinder
may consist of several segments that shall be assembled together during testing. However, in
both design and assembly of the completed phantom, adjacent segments shall fit tightly
together, as even very small gaps will allow narrow axial regions of scatter-free radiation.

One of the later frames of the PET COUNT RATE PERFORMANCE test (4.5) may be used to determine
the SCATTER FRACTION.
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4.4.3.2 RADIONUCLIDE

The RADIONUCLIDE for the measurement shall be '8F or 11C with an ACTIVITY such that the
percentage of COUNT LOSSES is less than 5 %.

4433 RADIOACTIVE SOURCE distribution

The test phantom LINE SOURCE insert shall be a clear polyethylene or polyethylene coated plastic
tube (800 £ 5) mm in length, with an inside diameter of (3,2 + 0,2) mm and an outside diameter
of (4,8 £ 0,2) mm. This tube shall be filled with a known quantity of ACTIVITY and threaded
through the 6,5 mm hole in the test phantom.

The fest phantom LINE SOURCE insert shall be filled with water well mixed with the meagured
amoynt of ACTIVITY to a length of (700 £ 5) mm and sealed at both ends. This LINE SOURCE|shall
be ingerted into the hole of the test phantom such that the ACTIVITY of the LINE SOURCE maiches
the Igngth of the polyethylene phantom.

The {est phantom with LINE SOURCE shall be mounted on the standard patient bed suppligd by
the MANUFACTURER. The phantom shall be raised (5 + 0,5) cm above.the“patient bed, usjng a
mounting means such as foam blocks placed outside the AXIAL FIELD OF VIEW, and shall be
rotatéd such that the LINE SOURCE insert is positioned nearest to the patient bed (see Figufe 3).
The phantom shall be centred in the TRANSVERSE FIELD OF VIEW by raising or lowering the ped.

If the|phantom cannot be centred as described above, then mounting blocks of other dimensgions
may be used to centre the phantom in the transverse_field of view. The distance of the [table
from|the centre of the transverse field of view shall be\teported.

4.4.3.4 Data collection

Each| coincident event between individual detectors shall be taken into account only once.[Data
shalllbe assembled into SINOGRAMS. All events shall be assigned to the slice at the midpojnt of
the cprresponding LINE OF RESPONSE. The acquisition shall contain a minimum of 500 00(Q true
coindident counts.

4.4.315 Data processing

No corrections for variations, in detector sensitivity, SCATTERED TRUE COINCIDENCES, COUNT LOSS,
or AT[TENUATION shall bewapplied to the measurements.

The ¢lata shall be ‘eorrected for RANDOM COINCIDENCES.

4.4.4 Analysis

For tpmographs with an AXIAL FIELD OF VIEW of 65 cm or less, SINOGRAMS of TRUE COINCIDENCES
shall[be‘generated for each acquisition i of slice j. For tomographs with an AXIAL FIELD OF|VIEW
greater than 65 cm, SINOGRAMs of TRUE COINCIDENCES shall be generated for each acquisition
for slices within the central 65 cm.

Oblique SINOGRAMS shall be collapsed into a single SINOGRAM for each respective slice (by
single-slice rebinning) while conserving the number of counts in the SINOGRAM.

The SINOGRAM j of TRUE COINCIDENCES shall be processed as follows.

a) All PIXELS located further than 25 cm from the SYSTEM AXIS shall be set to zero.

b) For each PROJECTION ANGLE ¢ within the SINOGRAM, the location of the centre of the LINE
SOURCE response shall be determined by finding the PIXEL having the greatest value. Each
PROJECTION shall be shifted so that the PIXEL containing the maximum value is aligned with
the central PIXEL of the SINOGRAM.
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c) After alignment, a sum projection shall be produced. A PIXEL in the sum projection shall be
the sum of the PIXELS in each angular PROJECTION having the same radial offset as the PIXEL
in the sum projection.

d) The counts CLJ- and CR,j’ the left and right PIXEL intensities at the edges of the strip with a

width of £ 20 mm from the centre of the profile calculated in (b), shall be obtained (see
Figure 4). Linear interpolation shall be employed to find CLJ- and CRJ.

A

Log y

In the
below

0,5

40 fam

summed projection, the scatter shall*be estimated by the counts outside the 40 mm wide strip plus th
the line CL/— CR/.

Figure 4 — Evaluation of SCATTER FRACTION

he average of thé two PIXEL intensities C,_’j and CRJ shall be multiplied by the numb

XELS, including-fractional values, corresponding to the width of the strip, and the pr
nall be added\to the sum of counts in the PIXELs outside the strip, to yield the numhb
catter counts C ; for the slice /.

he TRUE COINCIDENCES Crot; shall be computed as the sum of all counts in the
rojection for slice j. The TRUE COINCIDENCES include SCATTERED TRUE COINCIDENCES
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The SCATTER FRACTION SF; for each slice shall be calculated as shown in Formula (4):

C.;
SFj=—>1—
Cror,j

The SCATTER FRACTION SF shall be computed by Formula (5):

(4)
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2.5

SF=ol (5)
ZCTOT,j
J

4.4.5 Report

The SCATTER FRACTION SF shall be reported (Formula (5)). A graph of SFj values shall be
reported (calculated from Formula (4)).

4.5 | PET COUNT RATE PERFORMANCE
4.5.1 General

PET |COUNT RATE PERFORMANCE depends in a complex manner on the spatialydistributipn of
ACTIMITY and scattering materials, on the trues-to-singles ratio, on ‘the COUNT |RATE
CHARACTERISTIC of the SINGLES RATE, and on the setup of the measurement conditions. In
additjon, COUNT RATE performance is strongly influenced by the -amount of RANDOM
COINGIDENCES and by the accuracy of the subtraction of these events.

4.5.2 Purpose

The procedure described here is designed to evaluate dewiations from the linear relationship
betwgen COUNT RATE of TRUE COINCIDENCES and ACTIVITY,,caused by COUNT LOSSES. As mq@dern
PET |tomographs are operated with COUNT LOSS corfection schemes, the accuracy of tfhese
corrglction algorithms is also tested.

4.5.3 Method
4.5.311 General

The test phantom shall be a solid right-eircular cylinder composed of polyethylene with a spgcific
dens|ty of (0,96 + 0,01) g/cm3, with'an outside diameter of (203 + 3) mm, and with an oYerall
length of (700 £ 5) mm. A (6,5%-0,3) mm hole is drilled parallel to the central axis of the
cylingler, at a radial distance-0f(45 £ 1) mm. For ease of fabrication and handling, the cylinder
may fonsist of several segments that shall be assembled together during testing. However, in
both |design and assembly ‘of the completed phantom, one shall ensure a tight fit betjveen
adjagent segments, as\even very small gaps will allow narrow axial regions of scatter-free
radiation.

4.5.3(2 RADIONUCLIDE and ACTIVITY

The RADIONUCLIDE for the measurement shall be 18F or 11C. The variation of ACTIVITY shall be
obtaihed by radioactive decay. The last frame shall be acquired with a COUNT LOSS of less|than
1 %. Fhe—initialamountof ACTH hall be-high-enoughtoallowforthe followingtworates to

be measured:

a) Rt max — maximum COUNT RATE of TRUE COINCIDENCES;

b) RNEc.max — Maximum noise equivalent count rate.

Recommendations for the initial ACTIVITY required to meet these objectives shall be supplied by
the MANUFACTURER.

4.5.3.3 RADIOACTIVE SOURCE distribution

The test phantom LINE SOURCE insert shall be a clear polyethylene or polyethylene coated plastic
tube (800 £ 5) mm in length, with an inside diameter of (3,2 + 0,2) mm and an outside diameter
of (4,8 £ 0,2) mm. This tube shall be filled with a known quantity of ACTIVITY and threaded
through the 6,5 mm hole in the test phantom.
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The test phantom LINE SOURCE insert shall be filled with water well mixed with the measured
amount of ACTIVITY to a length of (700 + 5) mm and sealed at both ends. The test phantom with
LINE SOURCE shall be mounted on the standard patient bed supplied by the MANUFACTURER. The
phantom shall be raised (5 + 0,5) cm above the patient bed, using a mounting means such as
foam blocks placed outside the AXIAL FIELD OF VIEW, and shall be rotated such that the LINE
SOURCE insert is positioned nearest to the patient bed (see Figure 3). The phantom shall be
centred in the TRANSVERSE FIELD OF VIEW by raising or lowering the bed.

If the phantom cannot be centred as described above, then mounting blocks of other dimensions
may be used to centre the phantom in the transverse field of view. The distance of the table
from the centre of the transverse field of view shall be reported.

The test phantom shall be placed in the field of view of the POSITRON EMISSION TOMOGRAPH.
Regdlar measurements (at least two per RADIOACTIVE HALF-LIFE) shall then be taken while the
ACTIVITY in the phantom decays over several RADIOACTIVE HALF-LIVES. A decreasein the ¢vent
rate pccompanies the ACTIVITY decay. In addition, the efficiency of the syste,'in processing
coindgident events improves as the ACTIVITY decays, until COUNT LOSSES, may be effectively
neglgcted. Thus, by waiting long enough, one obtains a measurement,of the COUNT RAfTE of
TRUE|COINCIDENCES that is effectively free from processing losses. By éxtrapolating this COUNT
RATE|of TRUE COINCIDENCES back to higher ACTIVITY levels and compating it to the COUNT|RATE
of THUE COINCIDENCES measured at these higher ACTIVITY levels;yone may estimate COUNT
LOSSES suffered by the system at higher ACTIVITY levels. The accdracy of this technique depends
criticplly on adequate statistics being gathered at sufficientlylow levels of ACTIVITY. This| may
require repeated measurements at the lower COUNT RATES. Recommendations for the
acquylsition protocol required to meet these objectives shall-be supplied by the MANUFACTURER.

4.5.314 DATA COLLECTION

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

If thg data are also to be used to calculate TOF RESOLUTION for 4.6, then the data shgll be
acqujred in TOF acquisition mode.

4.5, Analysis
4.5.4.1 Test of the PET COUNT RATE PERFORMANCE
4.5.41.1 General

Data| shall be asseémpled into SINOGRAMS. All events shall be assigned to the slice at the
midppint of the corresponding LINE OF RESPONSE.

No cprrectjons’/for variations in detector sensitivity, scatter, COUNT LOSS, or ATTENUATION |shall
be applied to the measurements.

For tomographs with an AXIAL FIELD OF VIEW Of 65 cm or 1eSS, SINOGRAMS Of TRUE COINCIDENCES
shall be generated for each acquisition i of slice j. For tomographs with an AXIAL FIELD OF VIEW
greater than 65 cm, SINOGRAMs of TRUE COINCIDENCES shall be generated for each acquisition
for slices within the central 65 cm.

4.5.41.2 Test

The relationship between COUNT RATE and ACTIVITY within the TOTAL FIELD OF VIEW of the
tomograph shall be measured. The time per frame shall be less than one-half of the RADIOACTIVE
HALF-LIFE with the exception of the last three frames, which may be longer. For each of these
last three frames, a minimum of 500 000 true coincident counts shall be acquired.

The initial ACTIVITY in the phantom shall be determined from the ACTIVITY injected into the
phantom as measured in a calibrated dose calibrator.
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The average of the decaying ACTIVITY, Aave,i» during the data acquisition interval for time frame
i, Tacq’,-, shall be determined by the following Formula (6):

Tea —To i Taca i
Aave,i = Acal 1 Taz eXp{ cal — 0. In2} 1—exp(—ﬂln2J
In2 Tacq,i T1 2 7—1/2

(6)
where
Aca  is the ACTIVITY times branching ratio ("positron activity") measured at time T;
To i | Is the acquisition start-time of the time frame /;

T42 | is the RADIOACTIVE HALF-LIFE of 18F or 11C, respectively.

The BINOGRAMS shall be analysed without COUNT LOSS correction. All PIXELSqini.the acquired
SINOGRAM and in the corresponding randoms estimate SINOGRAMS located further than 25 cm
from [the SYSTEM AXIS shall be set to zero.

For gach time frame /, the total counts acquired, Nyt ;, and the totalrandoms estimated} N
shalllbe computed as the sum of the remaining data.

r,l

For gach time frame i, Rygt ;, R, ; and R, ; shall be computed:

a) Rrot,i= Ntot,i! Ti

b) R =N ;/T;

c) Rij=(1-SF) x(Nrori-N.)/T,
wherp
SF iq the scatter fraction as calculated in4.4.4;

T.

g the acquisition time for frame |i.

The noise equivalent count rate (NECR), Rygc ; for each time frame shall be calculated a

Uy

Rnec,i = R/ (Rrot, *+ Rr)) (7)

The maximum NECR, Rygc max shall be reported, as well as the corresponding ACT|VITY,
ANEC,max-

4.5.4.2 Test of COUNT LOSS correction scheme

4.5.427+—Generat

For tomographs with an AXIAL FIELD OF VIEW of 65 cm or less, all slices shall be reconstructed.
For tomographs with an AXIAL FIELD OF VIEW greater than 65 cm, only slices in the central 65 cm
shall be reconstructed. Attenuation, scatter, COUNT LOSS and randoms correction shall be
applied to the data. Images shall be reconstructed using standard methods without decay
correction.

4.5.4.2.2 Test

All analyses shall be performed on each reconstructed image i,j. The average ACTIVITY Aave,i
for each acquisition / shall be calculated. The average effective ACTIVITY concentration Ay ; for
each acquisition 7/ shall be computed by dividing A,,¢ ; by 22 700 cm3, which is the volume of
the test phantom.
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A circular REGION OF INTEREST (ROI) centred on the TRANSVERSE FIELD OF VIEW (not centred on
the LINE SOURCE) with a diameter of 18 cm shall be drawn on the reconstructed image for each
slice j. I'ro,; is the average activity concentration in the ROI for each slice j and acquisition /.

For each slice j, the best fit ROl value TFit i js shall be calculated by the following Formula (8):

Aave,i z’: TRoljk (8)

l A

ave,k

TFitjj =
k=1

I shall be the total number of acquisitions with activity at or below maximumNECR
(RNEE, max) @s determined in 4.5.4.1.2, and the sum shall be computed over each acquisition k.

For gach slice j of each acquisition j, the relative COUNT RATE error Ay in percentage units|shall
be cglculated by the following Formula (9):

4%;= Trovij/ TFitij— 1 9)

4.5, Report

4.5.51 PET COUNT RATE PERFORMANCE (see 4.5.4.1)

For the system, the following four quantities as a fungtion of the average effective ACTIVITY

concentration A, ; shall be plotted:

a) R — COUNT RATE of TRUE COINCIDENCES;

b) A ; — COUNT RATE of RANDOM COINCIDENCES;
c) RNec,i — noise equivalent countrate NECR;

d) Ryori — COUNT RATE of TOTAL COINCIDENCES.

— maximum, COUNT RATE of TRUE COINCIDENCES;

max
b) RNec,max — Maximum noise equivalent count rate;
C) A max =the ACTIVITY concentration at which Ry ., is reached;

d) ANec,max.— the ACTIVITY concentration at which Rygc max is reached.

The method used for estimating RANDOM COINCIDENCES shall be reported.

4.5.5.2 Accuracy of COUNT LOSS correction (see 4.5.4.2)

A graph of the highest and lowest values among the slices of Ay, ; versus Ay ; shall be plotted
using a linear scale. The data points may be joined to form a continuous curve.

The maximum value of the bias |4y j| in the ACTIVITY range up to the Aygc max Shall be reported.

4.6 Time-of-flight resolution
4.6.1 General

Time-of-flight data are used to localize the annihilation point along the LINE-OF-RESPONSE during
reconstruction.
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NOTE 1 The measurement of TOF RESOLUTION is only applicable to those systems that offer TOF acquisition.

NOTE 2 TOF resolution does not characterize the reconstruction process or effect of TOF reconstruction on the
image.

4.6.2 Purpose

The purpose of this procedure is to characterize the TOF RESOLUTION.

4.6.3 Method

TOF RESOLUTION shall be measured from the data acquired in 4.5.

Figurle 5 shows the geometry used in the processing and analysis of the coincidence.data.

4.6.4 Radionuclide, source distribution and data collection

See 4.5.

4.6.5 Data processing

For PET scanners with an AXIAL FIELD OF VIEW of 65 cm or less, data from all slices shall be
cons|dered. For PET scanners with an AXIAL FIELD OF VIEW greater’than 65 cm, only axial glices
in the central 65 cm shall be considered. No corrections for” detector sensitivity variation,
scatter, random, deadtime or attenuation shall be applied 40 the measurements, except while
recomstructing the images used to localize the line source in 4.6.6.1.

Line source

N —
 Intercept /

IEC

Key
r shortest distance between LOR and line source

The intercept of the LOR with the line source shall be defined as the point along the LOR with the shortest distance
to the line source.

Figure 5 — Determination of LOR distance from line source
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4.6.6 Analysis
4.6.6.1 Identifying the line source position

The first frame of the dynamic sequence where the activity is below the maximum NECR,
Rnec,max: shall be reconstructed with all available corrections except for decay correction and
a pixel size in the transverse slice not to exceed 2,5 mm, forming images in the PET coordinate
system. The location of the line source shall be determined by a centroid calculation on all
transverse slices, except for those within 10 mm of either end of the axial field of view. A line
shall be used to fit with these centroid positions. The intersection of the line with the first and
the last transverse slices defines the two points 5 and p,, respectively. The unit vector v for

the line shall be cafcutated as.

P2 =P

Images reconstructed for the count rate correction accuracy test in 4.54Y2 may be used.

4.6.6/.2 Evaluation of time differences
4.6.6.2.1 General

The following analysis shall be performed on each time’frame of the test phantom |data
beginning with the last frame acquired above the maximum NECR, Rygc max @S measurgd in

4.5, @and continuing through all frames with at least 500 000 prompt events acquired.

4.6.6(.2.2 2-D histogram formation

Each| event shall be accumulated into ane 2-D histogram for each acquisition ;. Thg 2-D
histograms shall be centred on zero in.both the time and spatial dimensions. The bin sizps At
and [Ar shall be less than one-fourth of the expected FWHM of the timing and spatial
distriputions, respectively.

For gach coincidence event(in‘the data set, ;; and r; shall be defined as three-dimensjional

coordinates of two pointsialong the line in PET coordinates representing the coincidence event,
as uped in image recdnstruction (see Figure 5). Then, the following calculations shgll be
perfgrmed.

a) Compute theunit vector i from L; to L, :

L0

=21
L, -L,

b) Compute the distance r’ between the coincidence line and the line source:

C
<!

X

- (G-F)

<

X

N

If |r'|>(204+Ar) mm, this event shall be excluded from the 2-D histogram formation. Otherwise,
continue.

c) Compute the point I on the coincidence line closest to the line source:
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(G-PMa-v(@)

uv|” -1

iyt

d) Compute the timing error t’as the difference between the measured timing data for the event
and its expected timing offset:

L-1|-|E, -]

t'=(t-t))- ‘—

( 1 2) c

e) Clompute T and p as:

. (t’—Atj
T =int
At
. (r'=Ar
=int .
P ( Ar j

In this context, the function "int" means "round to the nearest(integer". Each event shall be

accumulated into one 2-D histogram Cj(r, p) for each acquisition .

4.6.7 Scatter and random removal

For dach timing bin 7 of each acquisition j, the following shall be done.

a) Dletermine the counts per pixel, C,_,T,j and CR,T,J-, at the left and right edges, respectivzly, of
the 40 mm wide strip at the centre of Cj('[, p). If these points do not correspond to sample
Igcations of C;(7, p), these values are-found by linear interpolation (see Figure 4).

b) Fprm the 1D timing histogram Cj(r) by summing contributions from all radial bins ip the
4D mm wide strip and correcting-for the background:

20-p p+20
G (r)= Z{Cj ()~ [—40 }CL,r,j+[—40 :|CR,T,j}
P

4.6.8 FWHM analysis

Eachl FWHM(shall be determined by linear interpolation between adjacent PIXELS at half the

maximum-PIXEL value, which is the peak of the response function (see Figure 1). The maximum

PIXEL value Cy(t) shall be determined by a parabolic fit using the peak point and its two negrest

neigl’ alues-are-converted-to-time units by multiplication-with-A

4.6.9

Report

The following items shall be reported.

a) TOF resolution (FWHM1qg(j)), plotted as a function of the effective radioactivity
concentration A4,,.(/), where the volume V is the total volume of the cylindrical phantom
(22 700 ml).

b) TOF resolution (FWHMrqg) at effective radioactivity concentration of 5,0 kBq/ml,

determined by linear interpolation from the values of 4,,.(/) immediately above and below
5,0 kBg/ml.
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4.7 Image quality and quantification accuracy of source ACTIVITY concentrations and
PET/CT registration accuracy

4.71 General

Contrast and noise are factors that affect image quality; their combination determines lesion
detectability. Contrast depends on the lesion-to-background ACTIVITY concentration ratio. Image
contrast is further compromised by finite SPATIAL RESOLUTION, scatter and randoms. The
contrast resolution is affected by the noise present in the background surrounding a lesion.

4.7.2 Purpose

The ;I)urpose of 4.7 is to measure image quality factors and quantification accuracy of the| PET
scanper under normal imaging conditions. To mimic such normal imaging conditions,a forso
shappd phantom is used containing multiple hot spheres of decreasing diameters and a| cold
cylingler insert in a warm background.

The ¢ontrast of the hot spheres is measured and compared to the noise in\the backgroupd to
assesps lesion detectability. Quantification accuracy is determined by comparing the meagured
concentrations in the spheres, background, and lung cylinder insert‘to their true ACTIVITY
concentrations. Additional measurements include assessing the  ability of the scanngr to
quantify ACTIVITY concentration as a function of sphere size.

4.7.3 Method
4.7.311 General

The whole-body phantom shall be used for all measurements (see Figure 6) into which hpllow
sphefes and lung insert shall be placed (see Figure 7).



https://iecnorm.com/api/?name=5b58465bc5de63c41dfc052ace7d9169

IEC 61675-1:2022 © |EC 2022 -31-

Dimensions are in millimetres and are given within +1 mm

Centre of phantom

230

150

A

IEC

Materijal: polymethylmethacrylate.

The phantom length is at least 180-mm-% 5 mm.

Figure 6 — Cross-section of body phantom
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Dimensions in millimetres

....................... IEC

Material: polymethylmethacrylate.

All diameters given are inside diameters. The wall thickness of the spheres is < 1 mm. The centres of the spheres
are at the same distance from the surface of the mounting plate. The spheres can also be made from glass. The lung
insert cylinder is centred within the image quality phantom and has length that extends through the entire chamber
and diameter of 50 mm £ 2 mm.

Figure 7 — Phantom insert with hollow spheres
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The hollow spheres of decreasing diameter shall be arranged circularly and centred on a single
plane and shall have hollow stems that extend through the outer plate to permit filling of the
spheres with a radioactive liquid. The lung cylinder insert shall have a diameter of (50 £ 2) mm
and extends through the length of the phantom chamber. The cylinder shall be filled with a low
atomic number material of density of (0,30 + 0,10) g/cm3, shall be void of ACTIVITY and shall
simulate the ATTENUATION of the lung.

Abutted to the whole-body phantom at the head end (closer to the spheres), the scatter phantom
with LINE SOURCE shall be inserted — see Figure 8 a) — and shall be used to simulate outside
field of view source ACTIVITY. Known source ACTIVITY concentrations shall be added to all the
fillable spheres, image quality phantom background, and scatter phantom with LINE SOURCE
inserfed. The ACTIVITY In the LINE SOURCE shall be chosen so that the effective ACTIVITY
concentration in the scatter phantom including the LINE SOURCE is equal to the background
ACTIVITY concentration in the image quality phantom.

Scanner Scanner Scanner
position 1 position 2 position 3

Overlap region
AFOV

Step

-

= Body phantom

Scatter phantom um‘:
Sphere

v r\ Lung

PET/CT

60 cm gantry

Mid-paint of
scan 2 position

IEC

a)— Without masses

Scanner
position 2

Body phantom
Sphere

® Lung
e Mass of 40 kg

|

60 cm
PET/CT

Mid-point of gantry
scan 2 position

Scatter phantom

Mass of 20 k
-

.

IEC

b) — With masses

Figure 8 — Image quality phantom and scatter phantom
position for whole body scan acquisition

A whole-body acquisition covering the length of the whole-body phantom shall be obtained.

The algorithms used for image reconstruction, scatter and ATTENUATION correction shall be
those corresponding to the routine whole-body clinical image protocol. PIXEL values in units of
kBg/ml shall be produced. Prior to this, a scanner CALIBRATION shall be conducted. Results for
additional image reconstructions with enhancements may reported separately.
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Following the acquisitions and image reconstruction, ROls shall be drawn on selected image
slices over the hot spheres, cold cylinder insert, and image quality phantom background. The
average ROI ACTIVITY concentrations shall be used for analysis.

4.7.3.2 RADIONUCLIDE

The RADIONUCLIDE for the measurement shall be 18F.

4.7.3.3 Source distribution

The ACTIVITY concentration in the whole-body phantom background shall be (5 + 0,3) kBg/ml.
The $pheres shall be filled with an ACTIVITY concentration that is between 3,8 and 4,2 times the
ACTIMITY concentration in the background. The LINE SOURCE in the scatter phantom shall beffilled
with an ACTIVITY of (110 £ 5) MBq. All ACTIVITY concentrations shall be specified for{th€ time at
the sfart of acquisition. The RADIONUCLIDE in all phantoms shall be well mixed.

NOTE| These concentrations correspond to a typical clinical dosage of 350 MBq in a 70 kg PATMENT for wholg body
imagirg.

The fest is critically dependent upon the accurate assays of ACTIVITX to be used. The |[dose
calibfator, where it is difficult to maintain an absolute CALIBRATION te-accuracies finer than 10 %,
may |be used to assay starting ACTIVITY levels. Absolute reference standards using pogitron
emitters may be considered if higher degrees of accuracy areequired.

If thel MANUFACTURER recommends a lower dosage for this test, the ACTIVITY concentration|in all
phantoms may be lowered proportionately. The report shall include the MANUFACTURER
recommended dosage.

4.7.3.4 Data collection

The Wwhole-body phantom shall be placed,on the patient bed of the tomograph and shall be
centred within the TRANSVERSE FIELD .OF,VIEW. The plane passing through the centre df the
sphefes in the whole-body phantom shall be aligned to the centre of the AXIAL FIELD OF VIEW.
The line-source scatter phantom, s€bdirectly on the patient bed, shall abut to the head-epd of
the inage quality phantom — see(Eigure 8 a). The distance of the centre of the spheres tp the
end of the bed shall be 60 cm:

A whple-body acquisitiontover the length of the whole-body phantom shall be performed| It is
assufned that wholetbody acquisition scan consists of multiple stationary scans with the
standard overlap between scan positions. The "step size" is the axial distance the bed transllates
betwgen positionsiand may be less than the AXIAL FIELD OF VIEW. At least three scan positions
are rpquired. Start position 1 shall be determined by scan position 2 which is axially ceptred
over [the transverse plane of the spheres. Position 1 shall be located towards the sgatter
phanfom at\a distance equal to the "step size" used in clinical whole body scans. The end|scan
at psrtlon 3 shall be where the scanner is moved a "step size" distance toward the opplosite

the end of the phantom Add|t|onal scan posrtlons in elther dlrectlon shall be necessary if the
AXIAL FIELD OF VIEW of the scanner is insufficient to cover the required length in three steps.

The acquisition time Tp for a single position shall be computed as follows:

Tp = (dg4, /100 cm) - 30 min (10)
where

dax is the axial distance in centimetres the bed translates between positions (step size).

Additional measurements may be taken for different values of scan time and axial coverage. If
additional measurements are taken, those values shall be included in the final report.
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Prior to the start of the emission acquisition, a CT scan over the entire whole-body scan length
shall be obtained with X-ray technique factors as prescribed per whole-body clinical protocol. If
the scanner does not have a CT component, then the prescribed method of transmission
imaging shall be applied and reported.

For the emission scan, an acquisition matrix, field of view size, slice thickness, acquisition mode
as 2D or 3D, and multiple scan overlap as prescribed for routine clinical whole-body scans shall
be used.

Corrections for RANDOM COINCIDENCES shall be performed and the method used shall be clearly
reported. Enhancements such as time-of-flight information, depth-of-interaction may also be
enabjed, and the enhancement method shall be reported. The start-time of the emission, §cans
shall|be used as the reference time for computation of phantom ACTIVITY concentrationg and
repofting.

Masgdes shall be added to the table as indicated in Figure 8 b). The PET and the)CT acquisition

shall|be repeated for bed position 2 only. The acquisition time T, shall beitwo times of T},

4.7.3|5 Data processing

Trangverse slices shall be reconstructed over the length of the image quality phantom| The
standard reconstruction protocol for whole-body imaging shall-be applied. The reconstryction
algorithm, methods used for ATTENUATION, scatter, and GOUNT LOSS corrections, and|post
reconstruction image filter and all associated parameters shall be reported. Results [from
alterpate reconstruction protocols may be reported separately.

4.7.j Data analysis
1

4.7.4. Data analysis for image quality and quantification accuracy of source

ACTIVITY concentrations
4.7.41.1 General

The following analysis for the measurements without weights present shall be performed.

4.1.2 Regions-of-interest

4.7.41.21 General

age quality and’quantitative accuracy analyses, 2D circular ROls shall be drawn ovgr the

4.7.41.2.2 Hot sphere ROIls

The fransverse slice coinciding with the central plane of the hot spheres shall be identified| (this
slice ‘wi =St —Ci i =of=T over
the six spheres in the S-slice. The ROI diameter shall be made as close as possible to the
sphere inner diameter, without exceeding the inner diameter. The average PIXEL value Pj for

each sphere shall be computed.

4.7.4.1.2.3 Background ROIls

The transverse slices as close as possible to +1 cm and +2 cm from the S-slice shall be
identified. On these four slices and the S-slice, twelve 37 mm diameter ROIls shall be drawn
throughout the background at a distance of at least 15 mm from the edge of the phantom (see
Figure 9 for an example of background ROI placement on the S-slice). ROlIs corresponding to
the five smaller diameter spheres shall be drawn concentric within each of the 37 mm diameter
ROIls, producing a total of 60 background ROIs for each sphere diameter (12 ROIls on each of
the five slices).
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e locations are specified. At each location, six ROls, identical in size to the sphere ROls, shall be
htrically.

CE: [1]1, used with permission.

Figure 9 — Placement of ROls in the phantoem background

ach sphere diameter, the average PIXEL value for-each of the 60 ROIs shall be comp
the mean and standard deviation of those 60 ROI\alues shall be computed.

4.7.41.2.4 Whole-body scan lung and background ROls

A 37

mm diameter ROI shall be drawn insidethe lung insert on every transverse slice ovd

entire length of the image quality phantom: Likewise, a 37 mm diameter ROl shall be dra

the

resp

hantom background positioned_#5"mm from the left edge of the phantom edge.

averIge PIXEL values shall be recorded for all regions and label as WBBkg, and WBL

ctively for slice k = 1,n where h is the last slice.

4.7.41.3 Image quality

The

17 m
13, 1

Contrast recovery~coefficient CRj for each sphere j with a diameter of 10 mm, 13

m, 22 mm, 28 mm, and 37 mm, respectively, shall be computed. The index j is eithg
7, 22, 28, or. 37 and matched to the diameter of the corresponding sphere.

wher

laced

uted,

r the
vn in
The
Ungy.

mm,
r 10,

(11)

a)
=

J

J

P; is the ROI value for sphere j, as computed in 4.7.4.1.2.2;

B; is the average of the background ROI values for sphere j, as computed in 4.7.4.1.2.3;

Ag is the ACTIVITY concentration in the spheres;

Ag is the ACTIVITY concentration in the background.

The noise coefficient of variation CNj for each sphere diameter is computed as:

1

Numbers in square brackets refer to the Bibliography.
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where

J

B; is the average of the background ROI values for sphere j, as computed in 4.7.4.1.2.3;

(12)

Sj is the standard deviation of the background ROI values for sphere j, as computed in

4

.7.4.1.2.3.

The contrast-to-noise ratio CNRj for each sphere diameter shall be computed as:

=
>
]
=
4

4.7.41.4 Quantification accuracy

Perc
back

wher

4.7.41.5 Accuracy of scatter and ATTENUATION corrections

Accu
lung

for e

The 1

wher

CNR;=(P/B;— T)ICN;

is the ROI value for sphere j, as computed in 4.7.4.1.2.2;

is the noise coefficient of variation for sphere j, as computed in Formula (12).

bnt deviation shall be computed from true ACTIVITY /concentration in the pha
ground as showed in Formula (14):

[

is the percent deviation from true ACTIWATY concentration in the background;

kBg/ml;
is the ACTIVITY concentration.in the phantom background in units of kBg/ml.

racy of scatter and ATTENUATION corrections shall be measured in the background an

ery slice.

esidual'error in the lung insert shall be calculated as showed in Formula (15):

(13)

is the average of the background ROI values for sphere j, as computed.in 4.7.4.1.2.3;

ntom

is the average PIXEL value for 37 mim ROl in the background (see 4.7.4.1.2.3) in unjits of

d the

insert along the entire length of the phantom. A residual error in the lung insert shall be
calcylated for every slice. Quantification accuracy shall be calculated for the background

ROI

ALR, = 100 % - WBLung,/Ag

e

ALR, is the percent residual error in slice k;

WBLung, is the average PIXEL value in the lung insert ROl in slice k in units of kBg/ml;

A

is the ACTIVITY concentration in the phantom background in units of kBg/ml.

The quantification accuracy in the background is calculated as showed in Formula (16):

(16)
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where

AQWB is the percent residual error in slice k;

WBBkg, s the average PIXEL value in the background in slice k in units of kBg/ml;

Ap

4.7.

is the ACTIVITY concentration in the phantom background in units of kBg/ml.

4.2 Data analysis for PET/CT registration accuracy

2022

Alignment of the PET and CT image volumes is crucial for diagnosis and for ATTENUATION
correction. X, Y, and Z-centroids of each sphere on the PET and CT scans shall be calculated

usin%awmwmmwmc
whiclh contain the sphere. The image quality whole-body scan and corresponding CT sca

be uged for comparison of the two image volumes.

The

to Fi

On

the

lollowing analysis shall be performed for the measurements with masses added acco
ure 8 b).

er than 1,25 times the average background (Bj for sphere j as defined in 4.7.4.1.2.3)
ROI shall be set to one, otherwise they shall be set to zero. The X Y, and Z-centroids

then [calculated as showed in Formula (17), Formula (18), and Fopmula (19):

The

For

Cx;j=Z2x " ROlpgt,j(x.y,2)/Z ROIpgr [(x,,2); for all x,y,z of ROI
Cy,j =Xy- RO/PET,j(x,y,z)IZ ROIPET!/-(x,y,z); for all x,y,z of ROI

CZ,j =Xz- RO/PET,j(x,y,z)/Z RO/PET,j(x,y,z); for all x,y,z of ROI

N Cpet.j = (Cx ) Cy Cz;) shall betidentified as the centroid coordinate for sphere j for

to th¢ sphere wall shall be set'to one and the others to zero. The X, Y, and Z-centroids
then [pbe calculated as showed in Formula (20), Formula (21) and Formula (22):

CX,j =X X - RO/CT,j(x,y,z)/E RO/CT,j(x,y,z); for all x,y,z of ROI

Cy,j =Xy- ROICT,j(x,y,z)/E RO/CT,j(x,y,z); for all x,y,z of ROI

lices
n will

rding

t:lne PET scan, the spheres shall be encircled completely. All PIXELS) in the ROI that are
grea

Vithin
shall

(17)

(18)

(19)

PET.

the CT scan, the spheres.shall be encircled completely. All PIXELs in the ROI which bglong

shall

(20)

(21)

A

Fal =0 InYaVI £ AVAnEN »YaV] £ . £ Ll £ DNA1
CzZ - £ Z NUICT (XY 22N UIeT [5Gy, ZT, Torair Xy, 20T Ot

(22)

Then Ccr,; = (Cx ), Cy Cz)) shall be identified as the centroid coordinate for sphere j for CT.

The

4.7.
4.7.

The

distance between the PET and CT centroids shall be calculated for each sphere.

5 Report
5.1 Scan set up and phantom ACTIVITY concentrations

following scan set up parameters shall be reported:

— scanner axial field of view;

bed "step size" between multiple acquisitions;
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— acquisition time per bed position;

— total whole-body scan length;

— CT acquisition parameters: kVp, mAs, slice-thickness;

— PET acquisition parameters: reconstructed field of view diameter, slice thickness,
acquisition mode as 2D or 3D, and method of randoms correction;

— reconstruction algorithm, methods used for ATTENUATION, scatter, and dead-time count loss
corrections, post reconstruction image filter and all associated parameters.

The sphere and phantom background ACTIVITY concentrations at start of the first measurement
made _with the phantom positioned according to Figure 8 a) shall be reported.

4.7.

The

The
has

The
con

4.7.

The

4.7.

The fesidual error in the lung insert and background shall be reported for every slice.

The length of any portion of the phantom where the magnitude of the residual error exg
10 %| shall be reported.

4.7.

The fdeviation distance«<innmm between the PET and CT centroids for each sphere sha
repofted.

5

5.2 Image quality

moise coefficient of variation for all spheres shall be reported.

contrast recovery coefficients for all spheres shall be reported. The smallest spherg
g recovery coefficient greater than 0,90 shall be identified and reporied.

trast-noise-ratio exceeds four shall be identified and reported.

5.3 Quantification accuracy

5.4 Accuracy of scatter and ATTENUATION corrections

5.5 Accuracy of PET and CT image registration

ACCOMPANYING DOCUMENTS

General

Design parameters and configuration
detector element dimensions and number of elements;
detector material;
COINCIDENCE WINDOW;
detector ring diameter;
TRANSVERSE FIELD OF VIEW;
AXIAL FIELD OF VIEW;
SINOGRAM sampling (linear and angular);

axial sampling;

that

contrast-noise-ratio for all spheres shall be reported. The smallest sphere for which the

percent deviation from true ACTIVITY concentrationfor the background for the average pPIXEL
valugs in the region shall be reported.

eeds

Il be

ation
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— energy window;

— axial acceptance angle;

— reconstruction algorithm;

— method of RANDOM COINCIDENCE estimation;

— any additional information being considered essential by the MANUFACTURER to characterize
normal operation.

5.3  SPATIAL RESOLUTION

— TRANSVERSE RESOLUTION (radial and tangential) according to 4.2.5;

— AKIAL RESOLUTION according to 4.2.5;
— akial PIXEL dimension according to 4.2.5;
— transverse PIXEL dimensions according to 4.2.5.

5.4 | Sensitivity

|
0

| ICE SENSITIVITY according to 4.3.5;
— VPLUME SENSITIVITY according to 4.3.5.

5.5 | SCATTER FRACTION

SCAT[TER FRACTIONs SFi and SF according to 4.4.5.

5.6 | COUNT RATE performance

DUNT RATE CHARACTERISTIC and derived quantities according to 4.5.5.1;

o]
— method of correction for RANDOM COINCIDENGESyaccording to 4.5.5.1;
afcuracy of COUNT LOSS correction and associated plots according to 4.5.5.2.

5.7 | TIME-OF-FLIGHT resolution
— TPF-resolution (FWHM+qE ;), FWHMroE) and derived quantities according to 4.6.9.

5.8 | Image quality and quantification accuracy of source ACTIVITY concentrations
— scan set up and phantonT ACTIVITY concentrations according to 4.7.5.1;

|
=

nage quality according to 4.7.5.2;
Lantification accuracy according to 4.7.5.3;

| |
[ Ne]

ccuracy of scatter and ATTENUATION corrections according to 4.7.5.4;
— apcuracy of PET and CT image registration according to 4.7.5.5;
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AVANT-FRUOFOS

1) LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatioh composée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC 4 pour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans (les/domaines de
I'é|ectricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Norfmes”internationales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS)
Gyides (ci-aprés dénommeés "Publication(s) de I'l[EC"). Leur élaboration est confiée a des, comités d'étud
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Lep décisions ou accords officiels de I'|EC concernant les questions techniques représentent, dans la mes

po
SO

et
ré
L'l
fo
co
ing
To

Al
y

po
na
dé
ou
L'3
réf
L'g
de|
br

sible, un accord international sur les sujets étudiés, étant donné que Jeés’Comités nationaux de I'lEC inté
ht représentés dans chaque comité d’études.

5 Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que
ssure de I'exactitude du contenu technique de ses publicatiops; I'lEC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ns le but d'encourager l'uniformité internationale, les,Gomités nationaux de I'lEC s'engagent, dans tg
sure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutes«Publications de I'lEC et toutes publications national
ionales correspondantes doivent étre indiquées\en termes clairs dans ces derniéres.

FC elle-méme ne fournit aucune attestation*de conformité. Des organismes de certification indéper
rnissent des services d'évaluation de_tconformité et, dans certains secteurs, accédent aux marqu
hformité de I'IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
épendants.

cune responsabilité ne doit &tré imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
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ure que ce soit, directé,ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
coulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
au crédit qui luinest”accordé.

ttention est¢attirée sur les références normatives citées dans cette publication. L'utilisation de publid
érencées(est obligatoire pour une application correcte de la présente publication.

ttentionest attirée sur le fait que certains des éléments de la présente Publication de I'|EC peuvent faire
droeits_de brevet. L’'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drd
bvetss

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.
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L'IEC 61675-1 a été établie par le sous-comité 62C: Appareils de radiothérapie, de medecine
nucléaire et de dosimétrie du rayonnement, du comité d'études 62 de I'lEC: Equipements
électriques dans la pratique médicale. Il s'agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2013. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente: des exigences ont été modifiées ou ajoutées quant aux aspects techniques de la
RESOLUTION SPATIALE, du mesurage de la sensibilité, de la FRACTION DE DIFFUSION, de la
performance du TAUX DE COMPTAGE, de la qualité d'image et de I'’exactitude de la superposition
d’images en TEP ou CT.
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INTRODUCTION

Apres les progrés réalisés dans le domaine des TOMOGRAPHES A EMISSION DE POSITRONS, la
plupart des tomographes peuvent maintenant étre utilisés en mode d'acquisition totalement 3D.
Afin de satisfaire a cette tendance, le présent document décrit les conditions d'essai en tenant
compte de cette caractéristique d'acquisition. En outre, les TOMOGRAPHES A EMISSION DE
POSITRONS modernes intégrent souvent des EQUIPEMENTS A RAYONNEMENT X pour
TOMODENSITOMETRIE (CT). Dans le présent document, les dispositifs hybrides TEP-CT sont
considérés comme représentatifs de I'état de I'art, les TOMOGRAPHES A EMISSION DE POSITRONS
spécialisés n'intégrant pas le rayonnement X constituant seulement des cas particuliers.

Bien|que les méthodes d'essai spécifiées dans le présent document soient optimisées_pqur le
composant TEP des dispositifs hybrides TEP-CT, elles peuvent étre également utilisées|pour
le composant TEP des dispositifs hybrides TEP-RM (tomographie par émission de<positfons-
résomance magnétique).

Les méthodes d'essai spécifiées dans le présent document ont été sélectionnées afin de
refléfer, autant que possible, l'utilisation cliniqgue des TOMOGRAPHES A EMISSION DE POSITRONS.
L'objectif est de faire en sorte que les essais soient réalisés par les FABRICANTS et de permjettre
a ceq derniers de décrire les caractéristiques des TOMOGRAPHES A EMISSION DE POSITRONS [dans
les QOCUMENTS D'ACCOMPAGNEMENT. Le présent document n’indique pas quels essais|sont
effecfués par le FABRICANT sur un tomographe particulier ou quelles normes de classifigation
peuvent étre utilisées par le FABRICANT pour caractériser les performances des TOMOGRAPHES
A EMISSION DE POSITRONS.
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DISPOSITIFS D'IMAGERIE PAR RADIONUCLEIDES -
CARACTERISTIQUES ET CONDITIONS D'ESSAI -

Partie 1: Tomographes a émission de positrons

1 Domaine d’application

La présente partie de I'l[EC 61675 spécifie la terminologie et les méthodes d'essai relatiyes a
la dpscription des caractéristiques des TOMOGRAPHES A EMISSION DE POSITRONS.| Les
TOMJGRAPHES A EMISSION DE POSITRONS détectent le RAYONNEMENT D'ANNIHILATION| des
RADIQNUCLEIDES qui émettent des positrons par la DETECTION EN COINCIDENCE.

2 Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constitdent, pour tout ou partie
de lgur contenu, des exigences du présent document. Pour les)références datées, seule
I’éditlon citée s’applique. Pour les références non datées, la derniére édition du documept de
référence s’applique (y compris les éventuels amendements):

IEC TR 60788:2004, Medical electrical equipment — Glossary of defined terms (disponibje en
anglais seulement)

3 Termes et définitions

Pour|les besoins du présent document, les‘termes et définitions de I'lEC TR 60788:2004, |ainsi
que lps suivants s'appliquent.

L'ISQ et I'IEC tiennent a jour desfbases de données terminologiques destinées a étre utillsées
en ngrmalisation, consultables:adx adresses suivantes:

o |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

¢ 130 Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

tomqgraphie
radiographie'd’une ou de plusieurs tranches d'un objet

[SOURGE: En anglais, IEC TR 60788:2004, rm-41-15]

3.11

tomodensitométrie par émission

TPE

méthode d'imagerie qui permet la représentation de la distribution spatiale des RADIONUCLEIDES
incorporés dans des coupes bidimensionnelles sélectionnées a travers I'objet

3.1.1.1

projection

transformation d'un objet tridimensionnel en son image bidimensionnelle ou d'un objet
bidimensionnel en son image unidimensionnelle, par l'intégration de la propriété physique qui
détermine I'image le long de la direction du FAISCEAU DE PROJECTION

Note 1 a l'article: Ce processus est décrit mathématiquement par des intégrales de lignes dans la direction de
PROJECTION (le long de la LIGNE DE REPONSE); il est appelé "transformée de Radon".
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3.1.1.2

faisceau de projection

faisceau qui détermine le plus petit volume possible dans lequel la propriété physique qui
détermine I'image est intégrée au cours du processus de mesure

Note 1 a l'article: La forme du FAISCEAU DE PROJECTION est limitée par la RESOLUTION SPATIALE dans chacune des
trois dimensions.

Note 2 a l'article: Le FAISCEAU DE PROJECTION a généralement la forme d'un cylindre ou d'un céne long et fin. En
TOMOGRAPHIE PAR EMISSION DE POSITRONS, il s'agit du volume utile entre deux éléments de détecteurs utilisés en
coincidence.

3.1.1:3
angIL de projection
angle auquel la PROJECTION est mesurée ou acquise

3.1.114

sinogramme
affichage bidimensionnel de toutes les PROJECTIONS unidimensionnelles d'urie COUPE D'QBJET
en fonction de I'ANGLE DE PROJECTION

Note 1 a l'article: L'ANGLE DE PROJECTION est affiché sur I'ordonnée, et la coordonnée de la projection linéajre sur
I'abscisse.

3.1.1|5

couge d'objet
proptiété physique qui correspond a une coupe dansilobjet qui détermine les informgtions
mesyrées et qui est affichée dans I'image tomographique

3.1.1[6
plan|d'image
plan pttribué a un plan dans la COUPE D’OBJET

Note 1 a l'article: Le PLAN D'IMAGE est généralement le plan médian de |la COUPE D'OBJET correspondante.

3.1.17

axe dlu systéme
axe de symétrie caractérisé(par les propriétés géométriques et physiques de la dispositign du
systgme

Note 1 a I'article: Dans-uh-TOMOGRAPHE A EMISSION DE POSITRONS circulaire, I'AXE DU SYSTEME est I'axe qui |passe
par le|centre de I'anneau-du détecteur. Dans le cas des tomographes a détecteurs rotatifs, il correspond a I'dxe de
rotatign.

3.1.1[.8

volumme tomographique
juxtaposition de tous les éléments volumiques qui contribuent aux PROJECTIONS mesurées|pour
tous |es ' ANGLES DE PROJECTION

3.1.1.8.1

champ de visualisation transversal

dimensions d'une coupe a travers le VOLUME TOMOGRAPHIQUE, perpendiculaire a I'AXE DU
SYSTEME

Note 1 a I'article: Un CHAMP DE VISUALISATION TRANSVERSAL circulaire est décrit par son diamétre.

Note 2 a l'article: Dans le cas des VOLUMES TOMOGRAPHIQUES non cylindriques, le CHAMP DE VISUALISATION
TRANSVERSAL peut dépendre de la position axiale de la coupe.
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3.1.1

.8.2

champ de visualisation axial
AFOV
champ caractérisé par les dimensions d'une coupe a travers le VOLUME TOMOGRAPHIQUE,

paral

Note 1

RESOL

lele a et incluant I'AXE DU SYSTEME

a l'article: En pratique, le CHAMP DE VISUALISATION AXIAL n'est spécifié que par sa dimension axiale, donnée
par la distance entre le centre des PLANS D'IMAGES les plus éloignés définis, a laquelle s'ajoute la moyenne de la

UTION AXIALE mesurée.

Note 2 a I'article: L’abréviation "AFOV" est dérivée du terme anglais développé correspondant "axial field of view".

3.1.:J;u.é
champ de visualisation total

des

FIDES

bsent

nation
Hante,

anés

chanp caractérisé par les dimensions (tridimensionnelles) du VOLUME TOMOGRAPHIQUE
3.1.2

tomqgraphie par émission de positrons

TEP

TOMJDENSITOMETRIE PAR EMISSION qui utilise le RAYONNEMENT "~D'ANNIHILATION
RADIQNUCLEIDES émettant des positrons par la DETECTION EN COINCIDENCE

3.1.211

tomqggraphe a émission de positrons

dispgsitif de tomographie qui détecte le RAYONNEMENT D'ANNIHILATION des RADIONUCL
émetfant des positrons par la DETECTION EN COINCIDENCE

3.1.2.2

rayophnement d'annihilation

rayomnement ionisant produit lorsqu'une particule et son antiparticule interagissent et ce
d'exister

3.1.2.3

détegtion en coincidence

méthpde qui permet de vérifier sivdeux détecteurs opposés ont détecté simultanément un
photgn chacun

Note 1 a I'article: Dans cetteéthode, les deux photons sont concaténés en un seul événement.

Note 4 a l'article: La DETECTION EN COINCIDENCE entre deux éléments de détecteurs opposés sert de collif
électrgnique pour définik le FAISCEAU DE PROJECTION correspondant ou la LIGNE DE REPONSE (LOR) correspon
respe¢tivement.

3.1.214

fenétre descoincidence

interyalle.de temps au cours duquel deux photons détectés sont considérés comme simult
3.1.2.5

ligne de réponse

LOR

axe du FAISCEAU DE PROJECTION

Note 1 a l'article: En TEP, la LIGNE DE REPONSE est la ligne qui relie le centre de deux éléments de déte
opposés utilisés en coincidence.

Note 2 a I'article:

3.1.2

.6

coincidences totales
somme de toutes les coincidences détectées

cteurs

L’abréviation "LOR" est dérivée du terme anglais développé correspondant "line of response”.
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.6.1

coincidence réelle
résultat de la DETECTION EN COINCIDENCE de deux événements gamma en provenance de la
méme annihilation de positrons

3.1.2

.6.2

coincidence réelle diffusée
COINCIDENCE REELLE dans laquelle au moins un photon participant a été diffusé avant la
DETECTION EN COINCIDENCE

3.1.2

.6.3

coin

diffénence entre les COINCIDENCES REELLES et les COINCIDENCES REELLES DIFFUSEES

3.1.2.6.4

coin

idence réelle non diffusée

idence aléatoire

résulfat d'une DETECTION EN COINCIDENCE dans laquelle les photons participants ne proviennent
pas de la méme annihilation de positrons

3.1.27

taux|de singles

TAUX| DE COMPTAGE mesuré sans DETECTION EN COINCIDENGE; “mais avec discrimination en
énergie

3.1.3

reconstitution bidimensionnelle

reconstitution d'image dans laquelle les données sont recombinées avant la reconstitutiq

SINO
comn
SYST

3.1.4

reco
reco
perp
coup

3.2

matr
<méq
phys
DE M

3.2.1

nen

ERAMMES, qui sont les données de PROJECTION des coupes transversales, considgrées

he étant indépendantes les unes des auffés et comme étant perpendiculaires a I'A
EME

nstitution tridimensionnelle
stitution d'image dans ladquelle les LIGNES DE REPONSE ne se limitent pas a

E DU

étre

ndiculaires a I'AXE DU SYSTEME, une LIGNE DE REPONSE pouvant ainsi traverser plusfeurs

bs transversales

ce image
ecine nucléaire> matrice dans laquelle chaque élément correspond a la proj
que mesureée ou calculée de I'objet a I'endroit décrit par les coordonnées de cet ELE
ATRICE

rieté
MENT

élém

entdematrice

plus petite unité d'une MATRICE IMAGE, qui est attribuée en localisation et en taille a un certain
élément volumique de l'objet (VOXEL)

3.2.2
pixel

ELEMENT DE MATRICE dans une MATRICE IMAGE bidimensionnelle

3.2.3
voxe

élément volumique de I'objet qui est attribué a un ELEMENT DE MATRICE dans une MATRICE IMAGE
bidimensionnelle ou tridimensionnelle
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Note 1 a l'article: Les dimensions du VOXEL sont déterminées par les dimensions de I'ELEMENT DE MATRICE
correspondant par I'intermédiaire des facteurs d'échelle appropriés et par la RESOLUTION SPATIALE du systéme dans
chacune des trois dimensions.

3.3

fonction de distribution de points

PSF

image scintigraphique d'une SOURCE PONCTUELLE

Note 1 a l'article: L’abréviation "PSF" est dérivée du terme anglais développé correspondant "point spread
function".

3.3.1
fonction de distribution de points physique
<tomjpographes> FONCTION DE DISTRIBUTION DE POINTS bidimensionnelle dans ,dés plans
perpg¢ndiculaires au FAISCEAU DE PROJECTION a des distances spécifiées du détecteur

Note 1 a l'article: La FONCTION DE DISTRIBUTION DE POINTS PHYSIQUE caractérise les perfarimances d'impgerie
purement physiques (intrinséques) du dispositif de tomographie et elle est indépendante, par exemple, de
I'échaptillonnage, de la reconstitution d'image et du traitement d'image. Un FAISCEAU DE{PROJECTION est caragtérisé
par l'iptégralité de toutes les FONCTIONS DE DISTRIBUTION DE POINTS PHYSIQUES en fonetion’de la distance le Iqng de
son aye.

3.3.2
fonction axiale de distribution de points
profill qui passe par le pic de la FONCTION DE DISTRIBUTION(DEPOINTS PHYSIQUE dans un|plan
paralléle a I'AXE DU SYSTEME

3.3.3
fonction transversale de distribution de points
FONC|TION DE DISTRIBUTION DE POINTS bidimensionnelle reconstituée dans un PLAN D'IMAGE
tomographique

Note 1 a l'article: En TOMOGRAPHIE, la FONCTIQN TRANSVERSALE DE DISTRIBUTION DE POINTS peut également étre
obtengie a partir d'une SOURCE LINEAIRE paralléle\a I'AXE DU SYSTEME.

3.4
résolution spatiale
<médecine nucléaire> capadcité a concentrer la distribution de densité de comptage [dans
I'image d'une SOURCE PONCTUELLE en un point

3.41
réso|ution transversale
RESO[LUTION SPATIALE dans un plan reconstitué perpendiculaire a I'AXE DU SYSTEME

3.4.11
résol|ution‘radiale
RESOLUTION TRANSVERSALE le long d'une ligne qui passe par |la position de |la source et I'AXE DU
SYSTEME

3.4.1.2
résolution tangentielle
RESOLUTION TRANSVERSALE dans la direction orthogonale a la direction de la RESOLUTION RADIALE

3.4.2
résolution axiale
RESOLUTION SPATIALE le long d'une ligne paralléle & I'AXE DU SYSTEME

Note 1 a l'article: La RESOLUTION AXIALE s'applique uniquement aux tomographes qui bénéficient d'un
échantillonnage axial suffisamment précis satisfaisant au théoréme d'échantillonnage.
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largeur équivalente

EW

2022

largeur du rectangle ayant la méme superficie et la méme hauteur que la fonction de réponse,
par exemple, la FONCTION DE DISTRIBUTION DE POINTS

Note 1 a I'article:

(FWHM - full width at half maximum) ou la largeur au dixieme (LD).

Note 2 a I'article: L’abréviation "EW" est dérivée du terme anglais développé correspondant "equivalent widt

[SOURCE: En anglais, IEC TR 60788:2004, rm-34-45]

La EW refléete mieux les queues de diffusion de la fonction de réponse que la largeur a mi-hauteur

h".

3.4.

larggur @ mi-hauteur

FWH
pour
d'ord

Note
maxint

[sou

3.5

coeff
conc
d'AcCT

Note
d'ACTI

3.6

une courbe en forme de cloche, distance paralléle a I'axe des abscisses\entre les p
pnnée égale a la moitié de I'ordonnée maximale

a l'article: L’abréviation "FWHM" est dérivée du terme anglais développé cerrespondant "full width
um".

RCE: En anglais, IEC TR 60788:2004, rm-73-02]

icient de reprise
entration d'ACTIVITE (d'image) mesurée d'un volume actif divisée par la concentrn
IVITE réelle de ce volume, les facteurs d'étalonn@ge d'ACTIVITE étant négligés

a l'article: Pour les mesurages réels, la concengration d'ACTIVITE réelle est remplacée par la concen
ITE mesurée dans un grand volume.

sensfibilité de coupe

rapp
dans

Note 1
FRACT

3.7

brt entre le TAUX DE COMPTAGE(mesuré sur le SINOGRAMME et la concentration d'ACT
le fantdbme

a l'article: En TEP, les impulsions mesurées sont corrigées numériquement en diffusion, par le retrai
ON DE DIFFUSION.

senslibilité volumique

somn

3.8
cara

he des différentes SENSIBILITES DE COUPE

ctéristique du taux de comptage

oints

ht half

ation

ration

IVITE

de la

fonct

on\établissant la relation entre le TAUX DE COMPTAGE observé et le TAUX DE COMPTAGE

REEL

[SOURCE: En anglais, IEC TR 60788:2004, rm-34-21]

3.8.1

perte de comptage
différence entre le TAUX DE COMPTAGE mesuré et le TAUX DE COMPTAGE REEL provoquée par le

TEMP

3.8.2
taux

S DE RESOLUTION fini de I'appareil

de comptage

nombre d'impulsions par unité de temps
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3.8.3
taux de comptage réel
TAUX DE COMPTAGE qui est observé pour le TEMPS DE RESOLUTION zéro de l'instrument

[SOURCE: En anglais, IEC TR 60788:2004, rm-34-20]

3.9

fraction de diffusion

SF

rapport entre les COINCIDENCES REELLES DIFFUSEES et la somme des COINCIDENCES REELLES
DIFFUSEES et NON DIFFUSEES pour un montage expérimental donné

Note 1 to entry: L’abréviation "SF" est dérivée du terme anglais développé correspondant "scatter fraction™

3.10
sourge ponctuelle
SOURCE RADIOACTIVE proche d'une fonction ¢ dans chacune des trois dimensions

3.1
sourge linéaire
SOURCE RADIOACTIVE droite proche d'une fonction 6 dans deux/dimensions et consfante
(unifprme) dans la troisieme dimension

3.12
étaldnnage
<tomjodensitométrie par émission> processus d'établissement de la relation entre le TAYX DE
COMHATAGE par élément volumique localement dans l'image et la concentration d'ACTIVITE
corrgspondante dans l'objet, pour des tailles d'objets n’exigeant pas de CORRECTION DE REPRISE

Note 1 a I'article: Pour que cet ETALONNAGE soit suffisamment indépendant de I'objet a I'étude, il est obligatoire
d'appllquer les corrections adéquates aux donnégs, par exemple ATTENUATION, diffusion, PERTE DE COMRTAGE,
décroissance de la radioactivité, normalisatioht du détecteur, COINCIDENCES ALEATOIRES (TEP) et rapport
d'embfanchement (TEP). L'indépendance de I'objet doit dimensionner les images cliniques en matiére de kBgfml ou
de valpurs de fixation normalisées (SUV).

3.13
performance du taux de comptage en TEP
relation entre le TAUX .DE. COMPTAGE mesuré des COINCIDENCES REELLES, COINCIDENCES
ALEATOIRES ET COINCIDENCES TOTALES, et le taux de comptage équivalent bruit, d'une part, et
I'ACTIVITE, d'autre part

3.14
résolution eh temps de vol
réso|ution<FOF
incerfitude/de mesure de la différence du temps d’arrivée des deux photons issus du méme
événpment d’annihilation n||

Note 1 a I'article: L’abréviation "TOF" est dérivée du terme anglais développé correspondant "time-of-flight".
4 Méthodes d'essai

4.1 Généralités

Pour tous les mesurages, les paramétres d’acquisition du tomographe doivent étre définis
conformément a son mode normal de fonctionnement, c'est-a-dire qu'il n’est pas ajusté
particulierement pour le mesurage de paramétres spécifiques. Si le tomographe est spécifié
pour fonctionner dans différents modes influencant les paramétres de performance, par
exemple avec des angles d'admission axiaux différents, avec une RECONSTITUTION
BIDIMENSIONNELLE et une RECONSTITUTION TRIDIMENSIONNELLE, les résultats d'essai doivent étre
consignés pour chacun des modes de fonctionnement. La configuration du tomographe (par
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exemple, seuils d'énergie, angle d'admission axial, algorithme de reconstitution) doit étre
choisie conformément a la recommandation du FABRICANT et établie clairement. Si un essai ne
peut pas étre réalisé exactement comme cela est spécifié dans le présent document, les raisons
expliquant I'écart et les conditions exactes dans lesquelles I'essai a été effectué doivent étre
établies clairement.

Par hypothése, un TOMOGRAPHE A EMISSION DE POSITRONS est capable d’estimer les
COINCIDENCES ALEATOIRES et d'effectuer la correction appropriée. En outre, un TOMOGRAPHE A
EMISSION DE POSITRONS permet des corrections associées a la diffusion, a I'ATTENUATION, a la
PERTE DE COMPTAGE, au rapport d'embranchement, a la décroissance de la radioactivité et a
I'ETALONNAGE.

Sauf| spécification contraire, les fantdmes d'essai doivent étre centrés dans le €HAMP DE
VISUALISATION AXIAL du tomographe.

4.2 | RESOLUTION SPATIALE
4.2.1 Généralités

Les mesurages de la RESOLUTION SPATIALE décrivent en partie la capacité d'un tomographe a
reprdduire la distribution spatiale d'un traceur dans un objet, dans@wne image reconstituég. Le
mesyrage doit étre effectué en reproduisant I'image de SOURCES PONCTUELLES dans l'air et en
reconstituant les images, a I'aide d'un filtre de reconstitutionfin. Bien que cela ne représente
pas Ip condition de reproduction de I'image d'un PATIENT, dans laquelle la diffusion des t|ssus
est présente et dans laquelle des statistiques limitées~exigent I'utilisation d'un filtre de
reconstitution lisse et/ou de méthodes de reconstitdtion itératives, la RESOLUTION SPA[TIALE
mesyrée fournit une comparaison objective entre leSdomographes.

4.2.2l Objet

L'objet de ce mesurage est de caractériser\a’capacité du tomographe a capter de petits objets.

La RESOLUTION SPATIALE doit étre caractérisée par la largeur des FONCTIONS TRANSVERSALES DE
DISTRIBUTION DE POINTS reconstituées de SOURCES PONCTUELLES radioactives. La largeur de la
FONC|TION DE DISTRIBUTION DE POINTS doit étre mesurée par la LARGEUR A MI-HAUTEUR (FWHM) et
la LARGEUR EQUIVALENTE (EW);

4.2.3 Méthode
4.2.31 Généralités
Pour| tous lesisystémes, la RESOLUTION SPATIALE doit étre mesurée dans le PLAN D'IMAGE

transjversalndans deux directions (c'est-a-dire, radiale et tangentielle) et dans la dirgction
axiale.

4.2.3°2—— RADIONUCLEIDE

Le RADIONUCLEIDE utilisé pour le mesurage doit étre de 18F ou 22Na, avec une ACTIVITE telle que
la PERTE DE COMPTAGE en pourcentage soit inférieure a 5 % ou que le taux de COINCIDENCE
ALEATOIRE soit inférieur a 5 % du taux de COINCIDENCE TOTALE.

4.2.3.3 Distribution de la source radioactive
4.2.3.3.1 Généralités

Des SOURCES PONCTUELLES doivent étre utilisées avec la dimension la plus importante qui est
inférieure ou égale a 1 mm.
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4.2.3.3.2 Positionnement de la source

Les SOURCES PONCTUELLES, suspendues dans l'air, doivent étre utilisées afin de réduire le plus
possible la diffusion, pour les mesurages de la RESOLUTION TRANSVERSALE. Les mesurages de
résolution doivent étre effectués sur deux plans perpendiculaires a I'AXE LONGITUDINAL du
tomographe, I'un placé au centre du CHAMP DE VISUALISATION AXIAL et l'autre situé sur un plan
décalé de 3/8 du CHAMP DE VISUALISATION AXIAL (c'est-a-dire 1/8 du CHAMP DE VISUALISATION AXIAL
a partir de I'extrémité du tomographe) par rapport au plan central. Sur chaque plan, des sources
doivent étre positionnées a 1 cm, 10 cm et 20 cm de I'AXE DU SYSTEME (la position a 20 cm peut
étre omise si elle ne rentre pas dans le CHAMP DE VISUALISATION TRANSVERSAL). Les sources
doivent étre positionnées sur la ligne horizontale ou verticale qui coupe I'AXE DU SYSTEME, de

sorte~gue-les directions radiale et tangentielle soient alignées sur la grille d'image
- ~J =4 J J

4.2.31.4 Collecte de données

Les données doivent étre rassemblées pour toutes les sources dans chacune dés, six positions
spécifiées en 4.2.3.3.2, soit individuellement, soit en groupes de sources multiples, af|n de
réduife le plus possible le temps d'acquisition des données. Au moins M 00 000 impulsions
doivgnt étre acquises pour chaque SOURCE PONCTUELLE.

4.2.3.5 Traitement des données

La rgconstitution par rétroprojection filtrée a I'aide d'un filtre de'rampe avec une coupurg a la
fréquence de Nyquist des données de PROJECTION ou de leur’équivalent 3D doit étre ut|lisée
pour|toutes les données de la RESOLUTION SPATIALE. Aucuhe méthode d'amélioration ¢e la
résolution ne doit étre utilisée. La taille de pixel dans-lg plan transversal doit étre choisje de
manigre a obtenir au moins 3 pixels par largeur FWHIW

Les fésultats obtenus avec d'autres algorithmes.de reconstitution peuvent étre consignes en
complément des résultats de la rétroprojection filtrée, a condition que les méthodes de
reconstitution alternatives employées et les paramétres associés soient décrits de fagon
suffijamment détaillée pour permettre lasreproduction des résultats d'étude.

4.2. Analyse

La RESOLUTION RADIALE et & RESOLUTION TANGENTIELLE doivent étre déterminées pgar la
formation de fonctions de réponse unidimensionnelles. Ces fonctions de réponse doivent étre
crééegs par la prise de profils de la FONCTION TRANSVERSALE DE DISTRIBUTION DE POINTS a travers
I'image 3D reconstituée*de chaque SOURCE PONCTUELLE dans les directions radiale et
tangé¢ntielle, passant par le pic de la distribution. La largeur de chaque profil doit &tre égaje au
doubje de la FWHM prévue dans les deux directions perpendiculaires a la direction de I'anglyse.

La RESOLUTION AXIALE des mesurages de SOURCE PONCTUELLE doit étre déterminée plar la
formation~de fonctions de réponse unidimensionnelles (FONCTIONS AXIALES DE DISTRIBUTIQN DE
POINTS), Qui proviennent de la prise de profils a travers I'image 3D reconstituée dans la dirgction
axiale,_passant par le pic de la distribution. La largeur de chaque profil doit étre égale au double
de la FWHM prévue dans les deux directions perpendiculaires a la direction de I'analyse.

Chaque largeur FWHM doit étre déterminée par interpolation linéaire entre les PIXELS adjacents
a la moitié de la valeur maximale de PIXEL, qui correspond au pic de la fonction de réponse
(voir Figure 1). La valeur maximale de PIXEL C,, doit étre déterminée a I'aide d'un ajustement

parabolique, a partir du point maximal et de ses deux plus proches voisins. Les valeurs doivent
étre converties en millimétres par multiplication avec la largeur de PIXEL appropriée.
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\ FWHM

Valeur maximale, C,,

Valeur a mi-hauteur, C,,/2

N

XA XB IEC

NOTE| C,est la valewr maximale de la courbe d’'interpolation, A et B sont les points d'intersection de la qourbe
d'impyisions d'interpolation et de la ligne de valeur a mi-hauteur. Alors FWHM = X - X,.

Figure 1 — Evaluation de la FWHM

Chadue "LARGEUR EQUIVALENTE (EW) doit étre mesurée a partir de la fonction de réponse
correspondante. La EW doit étre calculée a partir de la Formule (1):

EW = MZ,.c,-
Crm (1)

ou

Z' " est la somme des impulsions dans le profil entre les limites définies par 1/20 C,, de
chaque cété du pic;
Cm est la valeur maximale de PIXEL du profil telle qu'elle est déterminée par le calcul de la

FWHM ci-dessus, opposée a la valeur maximale de pixel a partir des localisations de
pixel;
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PW  estla largeur de PIXEL en millimétres (voir Figure 2).

N I
7

Valeur maximale, C,,

L/

X X
i N+ EC

NOTE| La EW est,donnée par la largeur du rectangle qui présente la superficie de la FONCTION DE DISTRIBUTION
LINEAIRE et sa valgur maximale C,.

EW =2 (Cfx PW)/Cpq

La larqeurde PIXEl PW est égalp A X=X

T

Les superficies hachurées de la méme maniére sont égales.

Figure 2 — Evaluation DE LA LARGEUR EQUIVALENTE (EW)
4.2.5 Rapport
La RESOLUTION RADIALE, la RESOLUTION TANGENTIELLE et la RESOLUTION AXIALE (FWHM et EW)

associées a chaque position de SOURCE PONCTUELLE doivent étre calculées et consignées. Les
dimensions de PIXEL transversale et axiale doivent étre consignées.

Si des méthodes de reconstitution particuliéres ont été utilisées, les résultats des essais doivent
étre consignés et la méthodologie employée doit étre décrite avec exactitude.
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4.3 Sensibilité tomographique
4.3.1 Généralités

La sensibilité tomographique est un parameétre qui caractérise la vitesse a laquelle les
événements de coincidence sont détectés en présence d'une SOURCE RADIOACTIVE dans la limite
de faible ACTIVITE, dans laquelle les PERTES DE COMPTAGE et les COINCIDENCES ALEATOIRES sont
négligeables. Le taux mesuré de COINCIDENCES REELLES pour une distribution donnée de la
SOURCE RADIOACTIVE dépend de nombreux facteurs, y compris le matériau, la taille et le facteur
de tassement du détecteur, le diameétre des anneaux du tomographe, la fenétre d'admission
axiale et la configuration des cloisons, I'ATTENUATION, la diffusion, le temps mort et les seuils
d'énergie

4.3.2l Objet

L'objet de ce mesurage est de déterminer le taux de COINCIDENCES REELLES (NON DIFFUSEES
déteg¢té par unité de concentration d'ACTIVITE pour une source volumique normalisée, c'gst-a-
dire ¢yin fantdme cylindrique de dimensions données.

4.3.3 Méthode
4.3.311 Généralités

L'esqai de sensibilité tomographique place un volume spécifié\d€ solution radioactive d'ACTIVITE
connue dans le CHAMP DE VISUALISATION TOTAL du TOMOGRAPHE A EMISSION DE POSITRONS et
obsefve le TAUX DE COMPTAGE obtenu. La sensibilité duisystéme doit étre calculée a parfir de
ces Valeurs. L'essai dépend sérieusement des analyses exactes d'ACTIVITE mesurées dafs un
compteur de radiation ou un compteur puits. Il est-difficile de maintenir un ETALONNAGE absolu
avec|de tels dispositifs a des exactitudes de 10%5"ll convient de prendre en considératiogn les
normies de référence absolues qui utilisent des émetteurs de positrons si des degrés plus élevés
d’exdctitude sont exigés.

Une fles derniéres trames de I'essai de.PERFORMANCE du TAUX DE COMPTAGE en TEP (4.5)| peut
étre |utilisée pour déterminer la SENSIBILITE DE COUPE et la SENSIBILITE VOLUMIQUE |si le
RADIQNUCLEIDE utilisé pour ces mesurages est de 18F.

4.3.3.2 RADIONUCLEIDE
Le RADIONUCLEIDE utilis&pour ces mesurages doit &tre de 18F. La quantité d’ACTIVITE AU MOMENT

DU miesurage de la sensibilité tomographique doit étre telle que le pourcentage de PERTES DE
COMHATAGE soit inférigur a 2 %.

4.3.3(3 Distribution de la SOURCE RADIOACTIVE

Le fantéme d'essai doit étre un cylindre droit plein composé de polyéthyléne qui présentg une
dens|té.relative de (0,96 + 0,01) g/cm3, de diamétre extérieur (203 + 3) mm et de longueur
totale (700 £ 5) mm. Un trou de (6,5 + 0,3) mm est percé parallelement a I'axe central du
cylindre, a une distance radiale de (45 + 1) mm. Pour faciliter la fabrication et la manipulation,
le cylindre peut se composer de plusieurs segments, assemblés au cours des essais.
Cependant, au moment de la conception et de I'assemblage du fantéme complet, les segments
adjacents doivent étre bien serrés les uns contre les autres, le moindre espace laissé
permettant la formation de régions axiales étroites de rayonnement sans diffusion.

L'élément de SOURCE LINEAIRE du fantdme d'essai doit étre un tube en polyéthyléne ou en
plastique recouvert de polyéthyléne transparent de (800 + 5) mm de longueur, qui présente un
diameétre intérieur de (3,2 £ 0,2) mm et un diamétre extérieur de (4,8 £ 0,2) mm.

L'élément de SOURCE LINEAIRE du fantdme d'essai doit étre rempli d'eau bien mélangée avec la
quantité mesurée d'ACTIVITE jusqu'a une longueur de (700+%5)mm et fermé aux
deux extrémités. Cette SOURCE LINEAIRE doit étre insérée dans le trou percé dans le fantdéme
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d'essai de sorte que I'ACTIVITE de la SOURCE LINEAIRE corresponde a la longueur du fantéme en
polyéthyléne. Le fantdbme d'essai équipé de la SOURCE LINEAIRE doit étre installé sur le lit
d'examen normalisé fourni par le FABRICANT. Le fantdme doit étre surélevé de (5 + 0,5) cm au-
dessus du lit d’examen, a 'aide des moyens de montage tels que des blocs de mousse placés
hors du CHAMP DE VISUALISATION AXIAL, et doit étre pivoté de sorte que I'élément de SOURCE
LINEAIRE se retrouve au plus prés du lit d’examen (voir Figure 3). Le lit d’examen doit étre
positionné a (15,2 £ 0,5) cm en dessous du centre du CHAMP DE VISUALISATION TRANSVERSAL de
sorte que le fantéme soit centré dans ce CHAMP.

Si le fantdbme ne peut étre centré comme cela est décrit ci-dessus, des blocs de montage
d’autres dimensions peuvent étre utilisés pour centrer le fantdéme dans le champ de
visudlisation transversal. La distance enire la table ulllisee et le centre du champ de
visudlisation transversal doit étre consignée.

Dimensiohs en millimétres

Centre 6

253

Trou de 6,5 mm =

e Y

v \ Sommet du lit

IEC

NOTE| Le trou de 6,5 mm est destiné @ l'insertion de la SOURCE LINEAIRE.

Figure 3 — Configuration du fantome de diffusion et position sur le lit d'examen

4.3.3.4 Collecte de données

Chaque événement.de coincidence qui apparait entre différents détecteurs ne doit étre pijis en
compgte qu’une(fois. Les données sont assemblées en SINOGRAMMES. Tous les événements
doivgnt étre atfribués a la coupe transversale qui passe par le centre de la LIGNE DE REPONSE
CORRESPONDANTE.

- TaValllaVaVauid 1 . ol M | - Ll -
Au MTOTTS SUU UUU TP UIrS1UNS ©1T CUITICIUTTIUE TTCTTIT bUlIt dUUUISTS.

4.3.3.5 Traitement des données

La baisse de la concentration d'ACTIVITE dans le fantdme doit étre corrigée afin de déterminer
la concentration d'ACTIVITE moyenne a,,, au cours du temps d'acquisition des données T,

acq’ a
partir de la formule (2) ci-dessous:

- T,
Bave = Acal 1 112 gl Toal =70 15 |14 _ gxp| - 2299 2
V In2Tyq Tij2 Tij2 2)
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