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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIONUCLIDE IMAGING DEVICES —
CHARACTERISTICS AND TEST CONDITIONS —

Part 1: Positron emission tomographs

FOREWORD

1) The l lomprising
all n : promote
interngtional co-operation on all questions concerning standardlzatlon in the e ic[fields. To
this epd and in addition to other activities, the IEC publishes Internatiopn Q i ration is
entrudted to technical committees; any IEC National Committee intergsted\ j with may
participate in this preparatory work. i e izatiofs liaising
with thhe IEC also participate |n this preparation. The IEC coIIaborate clo eI 3 i hanization
for Sfandardization (1SO) 3] € the two
organjfzations

2) The fprmal decisions or agreements of the IEC on techrical # s nearly as pogsible, an
internfitional consensus of opinion on the relevant subjects since i mittee has reprgsentation
from

3) The dpcuments produced have the form okrecoxm i i sl dse and are published in the form
of stapdards, technical reports or guides antkthey a [ \ ignal Committees in that ser|se.

4) In order to promote international unification ati 3 i undertake to apply IEC International
Standprds transparently to the maximu 5Si in\their national and regional standards. Any
diver 3 ional or regional standard shall pe clearly
indicafed in the latter

5) The IEC provides no marking progs {ndj 9 ible for any
equipment declared to b i i i

6) Attentjon is drawn to the possibili SONTE i i e subject
of patgnt rights.@E v ; . '

Internatfonal Stan been prepared by subcommittee 62C: Equipmment for

radiothdrapy, n NG iati i i iftee 62:

Electric i i [

The tex

FDIS Report on voting
62C/205/FDIS 62C/214/RVD

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

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

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

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

Part 1: Positron emission tomographs

1.1 Scope and object

1998(E)

This paft of IEC 61675 specifies terminology and test methods for decl teristics
of POSITRON EMISSION TOMOGRAPHS. POSITRON EMISSION TOMOGRAPH? HILATION
RADIATIQN of positron emitting RADIONUCLIDES by COINCIDENCE DETECNO

The tesf methods specified in this part of IEC 61675 have b as fmuch as
possiblg the clinical use of POSITRON EMISSION TOMOG the test
method$ be carried out by manufacturers, thereby enab i teristics
of POSITRON EMISSION TOMOGRAPHS. So, PANYING
DOCUMENTS shall be in accordance with this standard. T @ tandard daeg’not imply which tests
will be gerformed by the manufacturer on an indivi %

No test f reconstructed images, begause all
methods$

1.2 Ne¢rmative reference

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

IEC 607

2 Ten

For the part of IEC 61675, the definitions given in IEC 60788 (see annex A) and
the followitg definitiohs apply.

Defined terms are

printed in small capitals.

2.1 TOMOGRAPHY (see annex A)

211

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

ng two-
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2.1.2
EMISSION COMPUTED TOMOGRAPHY (ECT)

imaging method for the representation of the spatial distribution of incorporated RADIONUCLIDES

in selected two-dimensional slices through the object

2.1.2.1
PROJECTION

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

determines the image along the direction of the PROJECTION BEAM

NOTE — This process is mathematically described by line integrals in the direction of projection (along the LINE OF

RESPONSE) and called Radon-transform.

2.1.2.2
PROJECTION BEAM

determipes the smallest possible volume in which the physical prort

image |[s integrated during the measurement process. Its

RESOLUTION in all three dimensions.

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

2.1.2.3
PROJECTION ANGLE
angle af which the PROJECTION is mea

2.1.2.4
SINOGRAM
two-dimensional display of

of the PROJECTION ANGLE. displayed on the ordinate, th

PROJECTION coordinate,is di

2.1.25
OBJECT BLICE < >
slice in| the object

information, is disphay

2.1.2.6
IMAGE Pl
a plane

NOTE - \ is the midplane of the corresponding OBJECT SLICE.

2.1.2.7
SYSTEM laxas

that determines the m

ies the
SPATIAL

EMISSION

function
le linear

leasured

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

the system

NOTE — For a circular POSITRON EMISSION TOMOGRAPH, the SYSTEM AXIS is the axis through the centre of the detector

ring. For tomographs with rotating detectors it is the axis of rotation.

2.1.2.8
TOMOGRAPHIC VOLUME

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

PROJECTION ANGLES
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2.1.2.8.1

TRANSVERSE FIELD OF VIEW

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

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

2.1.2.8.2

AXIAL FIELD OF VIEW

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

2.1.2.8.8
TOTAL FIELD OF VIEW
dimensipns (three-dimensional) of the TOMOGRAPHIC VOLUME

2.1.3
POSITRON EMISSION TOMOGRAPHY (PET)

EMISSION COMPUTED TOMOGRAPHY utilizing the ANNIHI
RADIONYCLIDES by COINCIDENCE DETECTION

positron [emitting

2.13.1
POSITRON EMISSION TOMOGRAPH
tomogrdphic device, which detects
RADIONUCLIDES by COINCIDENCE DETECTIQAN

RADJATION of positron |emitting

2.1.3.2
ANNIHILATION RADIATION \
ionizing [radiation that ig\prod particle and’its antiparticle interact and cease t¢ exist

2.1.3.3
COINCID
a meth
simultan

opposing detectors have detected one photdpn each
photons are concatenated into one event.

NOTE - T betwe€n two opposing detector elements serves as an electronic dollimation
to define BEAM Or LINE OF RESPONSE (LOR), respectively.

2.1.3.41

COINCID

time inte ing whijch two detected photons are considered being simultaneous

2.1.35

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

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

2.1.3.6
TOTAL COINCIDENCES
sum of all coincidences detected

2.1.3.6.1

TRUE COINCIDENCE

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

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

COINCIDENCE DETECTION

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

2.1.3.6.4
RANDOM COINCIDENCE

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

positron annihilations

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

2.1.4
Reconsfruction

2141
TWO-DIMENSIONAL RECONSTRUCTION

in TWO{DIMENSIONAL RECONSTRUCTIO¥, t I prior to reconstructjon into
SINOGRAMS, which are the PROJECTION\data\Of S i , which are considergd being
independent of each other and being perbendicula rEM AXIS. So, each event will be
assignefl, in the axial direction, to/that trahsve of the
corresppnding LINE OF RESPONSE. An deviati AXIS is
neglectd S slice is
reconst

NOTE - mall axial
acceptan e angles,
i.e. witho

2.1.4.2

THREE-D

in THRE ION, the LINES OF RESPONSE are not restricted {o being
perpendi S. S0, a LINE OF RESPONSE may pass several transversg slices.
Conseq ch slice

22.1

MATRIX ELEMENT

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

element of the object (VOXEL)

2.2.1.1
PIXEL
matrix element in a two-dimensional IMAGE MATRIX

2.2.1.2
TRIXEL
matrix element in a three-dimensional IMAGE MATRIX
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VOXEL
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volume element in the object which is assigned to a MATRIX ELEMENT in the IMAGE MATRIX (two-
dimensional or three-dimensional). The dimensions of the VOXeEL are determined by the
dimensions of the corresponding MATRIX ELEMENT via the appropriate scale factors and by the
systems SPATIAL RESOLUTION in all three dimensions

2.3

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

2.3.1

PHYSICA
for tom
PROJECT
NOTE -
the tomodg

PROJECTI
along its

2.3.2

AXIAL PQ
profile g
the sys

2.3.3
TRANSVH
reconst

NOTE — |
parallel tg

2.4
SPATIAL
ability td

24.1
TRANSVE
SPATIAL

24.1.1

RADIAL R
TRANSVE
SYSTEM

2.4.1.2

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

2.4.2

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

2.4.3
AXIAL SL

ICE WIDTH

for tomographs, the width of the AXIAL POINT SPREAD FUNCTION

| POINT SPREAD FUNCTION

bgraphs, a two-dimensional POINT SPREAD FUNCTION in plan [ to the

ION BEAM at specified distances from the detector

'he PHYSICAL POINT SPREAD FUNCTION characterizes the purely physical (in }mnce of

raphic device and is independent of for example sampling, image reg essing. A

N BEAM is characterized by the entirety of all PHYSICAL POINT SPREAR f distance

XIS,

INT SPREAD FUNCTION

assing through the peak of the PHYSICAL irallel to

EM AXIS

RSE POINT SPREAD FUNCTION

ucted two-dimensional POINT S tomographic IMAGE PLANE

N TOMOGRAPHY, the TRA an also be obtained from a LINE SOURGE located

the SYSTEM AXIS.

RESOLU

concentraté s ribution in the image of a POINT SOURCE to a point
and the
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244

EQUIVALENT WIDTH (EW)

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

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

2.5

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

NOTE - |For the actual measurement, the true ACTIVITY concentration is replac asured ACTIVITY

concentrdtion in a large volume.
2.6
Tomogrpphic sensitivity

2.6.1
SLICE SHNSITIVITY

ratio off COUNT RATE as measured on the SIN in the
phantonp
NOTE — Ip PET, the measured counts are num CTION.

2.6.1.1
NORMAL|ZED SLICE SENSITIVITY
SLICE SHNSITIVITY divided By th S for that slice

2.6.2
VOLUME|SENSITIVLFY
sum of the indiVSL

2.7
COUNT R

se hex A)

2.7.1
COUNT U
differen
RESOLVI

d COUNT RATE and TRUE COUNT RATE, which is caused by the finite
instrument

2.7.2
COUNT RATE
number of counts per unit of time

2.7.3
TRUE COUNT RATE (See annex A)

2.7.4

ADDRESS PILE UP

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

2.7.4.1

PILE UP EFFECT

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

SCATTER FRACTION (SF)

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

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

2.10

LINE SOURCE

straight RADIOACTIVE SOURCE approximating a &-function in two dimensions_and being constant
(uniform) in the third dimension

3 Tedt methods

For all [measurements, the tomograph shall be set up accarding s node of
operatign, i.e. it shall not be adjusted specially for the meas ifi eters. If
the tomograph is specified to operate in different modes i rmance
parameters, for example with different axial acceptance ang ) without septa, with
TWO-DIMENSIONAL RECONSTRUCTION and THREE-DIME HA S results
shall bg reported in addition. The tomographic _cofi i e.g. erfiergy thresholds, axial
accept j ding to the manufacturer’s
recom st exactly as specifigd in this
standardl, iati act{caenditiohs under which the fest was
performpe

The tes " AXIAL FIELD OF VIEW, if not gpecified
otherwig

NOTE - A éater than 16,5 cm, this centring will only produce
performa \ the phantoms were displaced axially in order to|cover the
entire AXI d for the central planes, if the axial acceptance arjgle of the
detectorsl|i

3.1 S

3.1.1

SPATIAY rements describe partly the ability of a tomograph to reprodquce the
spatial i tracer in an object in a reconstructed image. The measurgment is
perform iaging, POINT (or LINE) SOURCES in air and reconstructing images, using|a sharp
reconst i ilter, Atthough this does not represent the condition of imaging a patient, where
tissue sfatter is present and limited statistics require the use of a smooth reconstructipn filter,

the meastred—sSPATIAC RESOtUTION pProvides—a best-case—comparisomr—between—tomographs,
indicating the highest achievable performance.

3.1.2 Purpose

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

To define how well objects can be reproduced in the axial direction, the AXIAL SLICE WIDTH
(commonly referred to as the slice thickness) is used. It is measured with a POINT SOURCE
which is stepped through the tomographs TRANSVERSE FIELD OF VIEW axially in small increments
and is characterized by the Ew and the FwWHM of the AXIAL POINT SPREAD FUNCTION for each
individual slice.
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The AXIAL RESOLUTION is defined for tomographs with sufficiently fine axial sampling (volume
detectors) and could be measured with a stationary POINT SOURCE. For these systems the AXIAL
RESOLUTION (Ew and FWHM) is equivalent to the AXIAL SLICE WIDTH. These systems (fulfilling the
sampling theorem in the axial direction) are characterized by the fact, that the AXIAL POINT
SPREAD FUNCTION of a stationary POINT SOURCE would not vary, if the position of the source is
varied in the axial direction for half the axial sampling distance.

3.1.3 Method

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

The TRANSVERSE FIELD OF VIEW and the IMAGE MATRIX size determin in the
transvelse IMAGE PLANE. In order to measure accurately the width o tion, its
FwHM should span at least ten PIXELS. A typical imaging study of a<prai ires a
260 mm TRANSVERSE FIELD OF VIEW, which together with a 128 d 6 mm
SPATIAL|RESOLUTION, results in a FwWHM of only three PIXELs. Th& wi may be
incorredt if there are fewer than ten PIXELs in the FWHM. Thetefore, (f jpassi KEL size
should he made close to one-tenth of the expected FWHM 8uri econstructian and should be
indicatefd as ancillary data for the TRANSVERSE RESOLUFIO . volume [imaging
systemgq, 7 guld be made|close to
one-ten ' a0 Ci data for the [SPATIAL
RESOLUT is measured by moping the
source - or the AXIAL SLICE WIDTH
measurg¢ , i ~ G ¢ cted Ew. It is assumgd that a
computegr controlled bed will be used for ag joni he RADIOACTIVE SOURCE.
3.1.31

The RAI SF, with an ACTIVITY such that the|percent
COUNT Uoss is less th S OINCIDENCE rate is less than 5 % of tHe TOTAL
COINCIDENCE rate,

3.1.3.2 RADIO

POINT S

3.1.3.2.

Tomogr rements
of TRAN of the
tomogrs a plane
perpendictlar to theMong axis of the tomograph i.e. r = 10 mm, 50 mm, 100 mm, 150 mm ... up
to the erlgn of the TRANSVERSE FIEID O VAEW _The last pncifinn shall be not more thand 20 mm

from the edge and shall be stated. Each of these positions yields two measurements of
TRANSVERSE RESOLUTION, which shall be distinguished by being in the radial or tangential
direction.

NOTE — The SPATIAL RESOLUTION at r = 0 mm may yield artificial values due to sampling, so this measurement is
done at the position r = 10 mm.

3.1.3.2.2 AXIAL SLICE WIDTH

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

For systems having axial sampling at least three times smaller than the FwWHM of the AXIAL
POINT SPREAD FUNCTION the measurement of AXIAL RESOLUTION can be made with stationary
POINT SOURCES. POINT SOURCES suspended in air are positioned at radial intervals of 50 mm,
starting at the centre and extending to a distance which depends on the TRANSVERSE FIELD OF
VIEW, as described in the measurement of AXIAL SLICE WIDTH (3.1.3.2.2.). Each POINT SOURCE
shall be imaged at axial intervals of 20 mm, starting at the centre of the tomograph and
extending to within 10 mm from the edge of the AXIAL FIELD OF VIEW.

3.1.3.3 Data collection

Data sh ly or in
groups counts
shall be|acquired in each response function, as defined below.

3.1.3.4 | Data processing

Reconsfruction using a ramp filter with the cutoff at the Nyg JECTION
data, shiall be employed for all SPATIAL RESOLUTION data.

3.1.4 Analysis

The RADIAL RESOLUTION and the TANGEMNTIAL RES( ng one-
dimensipnal response functions, whig \SVERSE
POINT SPREAD FUNCTION in radial and K of the
distribution.

The AXI hng one-
dimensi A EAD FUNCTIONS), which result fromp taking
profiles [ i of the
distribution in the slice/neare

The AXI 5 (AXIAL
POINT S or each
slice at

Each F half the
maximu es shall
be conv,

Each E H (Ew) shall be measured from the corresponding response function.
EW isc

where

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

C, is the maximum PIXEL value;

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

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

For systems, where AXIAL RESOLUTION is to be measured, AXIAL RESOLUTION (FWHM and EW),
averaged over all slices, shall be reported. For these systems, the axial PIXEL dimension in
millimetres shall also be reported.

For systems utilizing THREE-DIMENSIONAL RECONSTRUCTION, RESOLUTION data as listed above

shall nqtbeaveraged. Graphs Of TRANSVERSE RESOLUTTON and AXIAC RESOLRITON khall be
L RESOLUTIPN, and

reported, showing the RESOLUTION values (RADIAL RESOLUTION, TANGE
AXIAL RHSOLUTION) for each radius as a function of slice number.

3.2 RECOVERY COEFFICIENT
3.2.1 [eneral
The fin|te resolution of a tomograph leads to a sp i sgunts beypnd the

geomettical boundaries of the object. This effect b ant as the object size
decreasles. The RECOVERY COEFFICIENT provides ability of the tormmograph

3.2.2 Purpose

The ob ) N tracer
concentfation in a region Qf interest \(R in different
diameteys.

3.2.3 Method

A numbgr of ho@ ACTIVITY concentration of 18F from a stock $olution,
are pladed in the wa m (see figures 1 and 4) which is in turn placdd in the
centre w. The phantom shall be held in position| without
introdug : erial. At least two samples from this solution are |counted
in a wel c are arranged to be coplanar.

For dis i , utilizing TWO-DIMENSIONAL RECONSTRUCTION, Separate njeasure-
ments S ith the spheres centred over each representative type of slice|derived
from dif ing conbinations (e.g. direct and cross, or odd and even). A measurement shall
also be aytn between slices in order to see the worst case of recovery in addition to
the besf case. The nieasurements are taken near the axial centre of the tomograph.

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

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

3.2.4 Data collection

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

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

Circular ROIs of diameter as close as possible to the FWHM as measured in section 3.1.3.2.1
are defined centrally on the image of each sphere. The precise ROI diameter should be stated.

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

ocg O
o 0
re. =PMs 0
Sl O Cu O
o0
0SM, O
where
Csj are the ROI counts/pixel/s for sphere i;
SM,
CU
SM,,
C,/SM,

Care shpll be taken to coryé z S counter.
RCg;jis then plotted agains ' \

3.2.6 Report

Graphs |of RECO@

The scatter correctt
coefficig

bported.
enuation

3.3  Tomodraph

3.3.1

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

Tomogr is a parameter that characterizes the rate at which coincidencEevents

3.3.2 Purpose

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

3.3.3 Method

The tomographic sensitivity test places a specified volume of radioactive solution of known
ACTIVITY concentration in the TOTAL FIELD OF VIEW of the POSITRON EMISSION TOMOGRAPH and
observes the resulting COUNT RATE. The systems sensitivity is calculated from these values.
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The test is critically dependent upon accurate assays of radioactivity as measured in a dose
calibrator or well counter. It is difficult to maintain an absolute calibration with such devices to
accuracies finer than 10 %. Absolute reference standards using positron emitters should be
considered if higher degrees of accuracy are required.

3.3.3.1 RADIONUCLIDE

The RADIONUCLIDE used for these measurements shall be 18F. The amount of ACTIVITY used
shall be such that the percentage of COUNT LOSSES is less than 2 % and the RANDOM

COINCIDENCE rate is less than 2 % of the TOTAL COINCIDENCE rate.
3.3.3.2 RADIOACTIVE SOURCE distribution

of KnswrmRCTIVITY

iopah atteénuating

The head phantom (figure 1) shall be filled with a homogeneous solui
concentration. The phantom shall be held in position without introducj
material. It shall be centred both axially and transaxially in the TOTAL

3.3.3.3 | Data collection

Each cd ce. Data
shall be passing
the midpoint of the corresponding LINE OF RESPONSE.

At least FIELD OF
VIEW or

3.3.34

The AC ine the
average llowing
equatiom:

Teca 1o
Ty, 0OR
where
4 is
Acal I8
Ty s
Ty IS

It is notlnecessary to reconstruct these data Na corrections for detector normalization, COUNT
LOSS, scatter, and ATTENUATION shall be applied. The data shall be corrected for RANDOM
COINCIDENCES.

3.3.4 Analysis

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

Citot120mm (1~ SF)
Tacq dave

S,':

where SFjis the corresponding SCATTER FRACTION (see 3.6).
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The NORMALIZED SLICE SENSITIVITY for each slice nS; shall be calculated as follows:

S:
I’IS,' ==
EW,,;

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

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

The VOLUME SENSITIVITY, Sy, shall be the sum of S;over all slices of the tomograph within the

central 16,5 cm or the AXIAL FIELD OF VIEW, whichever is smaller.

NOTE — This will yield only the VOLUME SENSITIVITY for the central part of the tomograph, If the AXIAL FIELp OF VIEW
is greater|than 16,5 cm.

3.3.5 Report

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

3.4 Uniformity

No test ause all
method

3.5 COQUNT RATE CHARACTERISTIC

3.5.1 [eneral

PET COUNT RATE perfor ution of
ACTIVITY and scattering nditions
(see 3.4.3.1). The co s highly
dependg¢nt on the true : SINGLES
RATE and conseg he pmeasurements conditions, which thereforg¢ should
simulatge the range i ' ance is
strongly| influenced of the
subtraction of th

NOTE — OUNT RATE includes scattered events, the relative SCATTER FRACTION must be
consider

3.5.2

The procedure~descri tionship
between FRUE cO and the
evaluatipn.*of image distortions at high COUNT RATES, especially those leading to ppatially

misplaced events by ADDRESS PILE UP. As modern PET tomographs are operated with COUNT

LOSS correction schemes, the accuracy of these correction algorithms is tested.

PET COUNT RATE performance means:

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

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

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

3.5.3.1 RADIOACTIVE SOURCE distribution

To describe various scatter conditions, three different experimental set-upg are w ed.

3.5.3.1.1 Head imaging

The hedd phantom (figure 1) filled homogeneously with ACTIVITY
3.5.3.1.2 Cardiac imaging

The body phantom, figure 2, (head phantom inserted) with/oute and arms (figlire 3) of
the pha ‘ filled with air, a rofl source
(130 mm the AcTIivITY and| placed
eccentri 3 antom ghall be centred to thel SYSTEM
AXIS, sep figures 2 and 7.

3.5.3.1.83 Abdominal imagj

The protedure describp 3.1.2 the head phantom is also filled with water.
This copfiguration is 9 e in PET
imaging

3.5.4

Each cqg e.
3.5.4.1

For all 4 E COUNT
RATE ve OF VIEW
of the td ioactive

decay; }8FCor 11C with continuous measurements over approximately 10 HALF LIVES| can be
used. The time per irame shall be less than one-nall of the HALF LIFE with the exception of the
last three frames, which can be longer. The initial amount of ACTIVITY shall be chosen so that
COUNT RATE saturation is exceeded, and the last frame shall be acquired with a COUNT LOSS of
less than 1 %.

Data shall be assembled into SINOGRAMS. All events will be assigned to the transverse slice
passing the midpoint of the corresponding LINE OF RESPONSE. The data to be inspected are for
the TRANSVERSE FIELD OF VIEW restricted to 520 mm in diameter and without COUNT LOSS
correction. For the sake of comparison with data published elsewhere, a second scale
(kBg/cm3) shall be added to the abscissa for scatter condition of 3.5.3.1.1.

The average of the decaying activity, Aaye j, during the data acquisition interval for time frame

Tacq,i shall be determined by the following equation:
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1 T O, 0o
Anve.i = Acal — —22 expl3 cal_ 00 p00- exp%— Tacq. InZ%
In2 T, acq,/ 8 TJJ2 EE
where
Acal  Is the ACTIVITY measured at time T.,,, corrected for branching ratio (see 3.3.3.4);
To;  is the acquisition start-time of the time frame

Ty»  is the HALF LIFE of 18F or 11C, respectively.

From the above measurements, plot the COUNT RATE CHARACTERISTIC (e.g. measured TRUE
COINCIDENCE COUNT RATE Versus ACTIVITY) and the character|st|c of the RANDOM COINCIDENCE
rate (allre A v i ;

the TOT

For the §n, with
diameter of 24 cm, centred at the position of the phantom.

The cofversion factor between ACTIVITY and TRUE COINCI ouf COUNT

LOSS sh eraged.
Care sh atistical
precisiop.

From th hich the
measure ACTIVITY
levels ve S , system
specify T_RA G OUNT LOSS and for 50 %% COUNT
LOSS.

From thH € 0 described above when using Two-
DIMENSIODNAL RECONSTRUETIO ' a2 set when using THREE-DIMENSIONAL
RECONSJRUCTION) recon i f\slices forjall time frames. For a region contaihing the
ACTIVITY (21 mm in dia 194 mm in diameter for the cylinder), plot ROI
counts flivided byNnea QINCIDENEES for the whole slice versus ACTIVITY, as an
indicatof of ima at hi COUNY RATES (ideally, this plot should yield a ¢onstant

value).

3.5.4.2
The AD ir thexaxial direction shall be checked from the set of reconjstructed
images ' 3.5.4\1. For a region just containing the source, calculate the rati¢ of ROI
counts persli NT RATE, normalized to the corresponding value at the lowest rate.
Ry =t
" Cilow
where
Rj; is the ratio of ROI counts for slice i and time frame j.
Cij are the ROI counts for slice i at time frame j.
Cilow are the average ROI counts for slice / at the three time frames with lowest ACTIVITY, see

3.54.1.

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

NOTE - Axial variations at high count rates are most often caused by address pile up, but may also result from
other factors depending on the design of the tomograph.
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For systems utilizing THREE-DIMENSIONAL RECONSTRUCTION, this test does not apply, because
the complex relationship between a reconstructed slice and an axial crystal ring obscures
meaningful results from this test.

3.5.4.3 Test of COUNT LOSS correction scheme

From the set of reconstructed images according to 3.5.4.1 (and for each slice) plot a graph
(see figure 8) of:

a) TRUE COINCIDENCE counts measured;

b) TRUE COINCIDENCE counts corrected for COUNT LOSS;

C) TRUE COINCIDENCE counts corrected for COUNT LOSS and decay.

The deqay correction shall be done with the same HALF LIFE accordin | slices
and for|all scatter conditions. This HALF LIFE should yield, in the low ge (low
COUNT Uosses but high decay correction factor), a line parallel to th >iations
from this parallel line are indicative of errors in the COUNT LOSS ¢

3.5.5 Report

3.5.5.1 | TRUE COINCIDENCE COUNT RATE CHARACTERISHIC (se

From the measurements according to 3.5.4.1, NT RATE
CHARACTERISTIC (including the charactexistic o OINCIDENCE rate) for the total
system, ; ' (without
ATTENU/ bort the
measure

Report & plot of ROI counis in o 0d source, 194 mm in diametey for the
cylinder ‘ he whole slice versus ACTIVITY for each
slice.

3.5.5.2

Report FVITY in
the ph i FIELD )OF VIEW causmg a 5% deviation in the axial profile
accordi

3.5.,5.3

Report p to the
saturati nditions
describg

3.6 Scatter measurement
3.6.1 General

The scattering of primary gamma rays created in the annihilation of positrons results in
coincidence events with false information for radiation source localization. Variations in design
and implementation cause POSITRON EMISSION TOMOGRAPHS to have different sensitivities to
scattered radiation.

3.6.2 Purpose

The purpose of this procedure is to measure the relative system sensitivity to scattered
radiation, expressed by the SCATTER FRACTION (SF) as well as the values of the SCATTER
FRACTION in each slice.
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3.6.3 Method

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

Unscattered events are assumed to lie within a 4 x FWHM wide strip centred on the image of the
LINE SOURCE in each SINOGRAM. This width region is chosen because the scatter value is
insensitive to the exact width of the region, and negligible unscattered events lie more than 2 x
FWHM from the line image in POSITRON EMISSION TOMOGRAPHS (see figure 10).

The width of the scatter response function allows a simplified method of analysis. A linear
interpolation across the strip from the points of intersection of the scatter tails and the edges of
the 4 x FwHM wide strip is used to estimate the amount of scatter present i he area

Estimates of SCATTER FRACTION for uniform source distripat er the
assumptlion of slow radial dependence. The SCATTER FRACTIO -axis is
a0l ECATTER
FRACTION for a LINE SOURCE 45 mm off-axis is assumed t¢ thin an [annulus
betweern} 22,5 mm and 67,5 mm, and the SCATTER FRAZTION fo K \ 90 mm off-axis is
assumef to be constant within an annulus between m (see figure|5). The
three values for SCATTER FRACTION are weightg @ 3 ich they are |applied,
yielding|a weighted average. The annula 8 :10,75, respectively.

3.6.3.1 | RADIONUCLIDE

The RADIONUCLIDE for the measurement shaitoe 18& .Y an ACTIVITY such that the pencentage
of COUNT LOSsSes is less than 5 and theOM OWICIDENCE rate is less than 5 % of the

TOTAL CPINCIDENCE rate.

3.6.3.2 | RADIOACTIVE B
The head phan@f'

edium.
The test phantom LI ]?entially
at radii saxially
and axid
3.6.3.3
Each cqi ce. Data
shall be point of
the cor at least

200 00Q counts shall be acquired for each slice within:

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

whichever is the smaller.

3.6.3.4 Data processing

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

3.6.4 Analysis

All SINOGRAMS corresponding to slices at least 1 cm from either end of the phantom shall be
processed. Thus for tomographs with an AXIAL FIELD OF VIEW less than 16,5 cm, all slices shall
be processed.
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All PIXELS in each SINOGRAM j which are located further than 12 cm from the centre shall be set
to zero. For each PROJECTION ANGLE within the SINOGRAM, the location of the centre of the LINE
SOURCE shall be determined by finding the PIXEL with the largest value. Each PROJECTION shall
be shifted so that the PIXEL containing the maximum value aligns with the central PIXEL column
of the SINOGRAM. After realignment, a sum PROJECTION shall be produced.

The FwHM to be used for the analysis is the average of the RADIAL RESOLUTION and the
TANGENTIAL RESOLUTION at radial position 10 cm off centre (see 3.1.5). The counts in the PIXELS
at the left and right edges of the 4 x FWHM wide strip, C; ;, and Cg 4 respectively shall be
obtained from the sum PROJECTION (see figure 10). Linear interpolation shall be used to find the
PIXEL intensities at +2 x FwHM from the central PIXEL of the PROJECTION. The average of the two
count levels C; ;, and Cg , shall be multiplied by the fractional number of PIXELs between the

edges of the 4= TFwAM wide Strip, withrthe product addedto the coumts i the PIXELS oUfside the
strip, to|yield the number of SCATTERED TRUE COINCIDENCE counts Cg; ./fqr the shigelijand the
source position k. The TRUE COINCIDENCE counts (scattered plus unsca is the sum
of all PIXELS in the sum PROJECTION.

The avgrage ACTIVITY A, x during data acquisition over the fti the LINE
SOURCE]|at position k, shall be calculated (see 3.3.3.4).

The SCATTER FRACTION SF; for each slice, due to a unf Jated as
follows:

where t 90 mm,
respecti

3.6.5

For eac 5F; shall
also be

3.7 Ay

3.7.1

POSITRN¢EMISSIONNPOMOGRAPHY has a valid theoretical basis for ATTENUATION corregtion for
arbitrary attenuating media within the TOMOGRAPHIC VOLUME of a tomograph. The basis$ for the

correction is a measurement of the transmission of ANNIHILATION RADIATION through the object
within the TOTAL FIELD OF VIEW. The accuracy with which this is achieved in practice is an
important measure of its quantitative ability.

3.7.2 Purpose

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

NOTE — The outcome of this test is influenced also by scatter.
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3.7.3 Method

Transmission of external radiation through a non-uniform attenuating medium is processed to
give ATTENUATION correction matrices which are applied to emission PROJECTION data as a part
of the reconstruction process. Conformity of reconstructed emission values with true values is
an indicator of the accuracy of ATTENUATION correction.

3.7.3.1 RADIONUCLIDE

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

3.7.3.2 | RADIOACTIVE SOURCE distribution

The hepd phantom (figure 1) shall be centred in the AXIAL FIELD O rtically)
displacdgd 25 mm off-axis. It shall be used with the three 50 pam \di i inserts

placed B0 mm from the axis of the phantom at 120° anguldr i d as in
figure 6] For the transmission measurement, the phantom i ioactive
water. @ne of the hollow inserts shall be filled with non-radj ith non-
radioacfive water. The third insert is solid and made For the
emissioh measurement, a measured amount of ACTIY ound of

the test|phantom and thoroughly mixed with the wate

3.7.3.3 | Data collection

Transm(ssion measurement of the he carried out by the |method
recommended by the manufacturer of/the tomogragh and shall be stated. For the gmission

measurg¢ment, the AcCTIVITY shall be added ™ to.“th ad phantom and a standard image
acquisitlon shall be perforn le five million counts per slice.

The trapsmission and emigsi S \ s_¢an be performed in either order provided
proper |procedur : . theN\\head phantom must be removed petween
measur aments,@s itioned as before. If the emission scan is pgrformed
first, thgn at least elapse before transmission data are acquired. Because

the imapes are sSURI\ i i e analysis, it is important that the phantom|axis be
parallel [ ' IS) of the tomograph.

3.7.34
For to an\AXIAL FIELD oOF VIEW of 16,5 cm or less, all slices ghall be
reconst graphs with an AXIAL FIELD OF VIEW greater than 16,5 cm, only Elices in
that par IELD OF VIEW, where the phantom was placed, shall be recongtructed.
Images [shallbe reconstructed using the standard IMAGE MATRIX and TRIXEL size and|using a
ramp filterswith cutoff at the Nyquist frequency of the PROJFCTION data. The emission data shall
be reconstructed applying all corrections including ATTENUATION correction as obtained from
the transmission measurement. Transmission processing shall be done according to the
method recommended by the manufacturer and shall be stated.

3.7.4 Analysis

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

Cair» Csolid» Cwaterr C1+ ---Cg
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respectively, where the numerical index corresponds to the nine ROIs in the uniform ACTIVITY
areas.

Calculate the normalized counts C, in the uniform region according to the following:

1 9
CN:§ZCI
i=1

The relative errors ACjsert - i-€. the deviation between measured activity concentration Cjgert
and true concentration O in the object, in percentage units for each of the inserts in the
summed image shall be calculated as follows:
C "
AC oo =100 —sert—g7
Cn

The norl-uniformity of the ATTENUATION correction shall be calculate

In addit
image, passing through the centre of the h A{ON d through the centre of the in

am wide profile shall be drawh in the
sert.

3.7.5

For the late the

values d

4  Ac(

A docu Lde the

followin

4

— dete

— detectormmateriat

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

— detector ring diameter

— patient port diameter

— TRANSVERSE FIELD OF VIEW

— AXIAL FIELD OF VIEW

— SINOGRAM sampling (linear and angular)

— axial sampling

— septal length

— septal thickness
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— length of side shields

— type of transmission source and source ACTIVITY (nominal and recommended range)

— dete

ctor movement (e.g. rotational speed, angular range), if any

4.2 Configuration of the tomograph

— energy threshold

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

— Treco

nstruction algorithm

— method of RANDOM COINCIDENCE estimation

1998(E)

nor

43 S

—  TRAN
— AXIA
— AXIA
- axia
— ftran

— axia

44 R

— grap

45 S¢

— SLIC
— NOR
— VOL\

— COou
— ACTI

al operation

— anynl‘additional information being considered essential by the manuf urerw

PATIAL RESOLUTION

SVERSE RESOLUTION (radial and tangential) accordin
| SLICE WIDTH according to 3.1.5

| RESOLUTION according to 3.1.5
PIXEL dimension according to 3.1.5

bverse PIXEL dimensions accorgding
step size according to 3.1.5

FCOVERY COEFFICIENT

hs of RECOVERY CB®

bNsitivity
E smsw@ ;

RISTIC according to 3.5.5
% and 50 % COUNT LOSS according to 3.5.5

acterize

- me

uréd TRUE COINCIDENCE COUNT RATE at 20 % COUNT L0SS and 50 % cou

NT LOSS

according to 3.5.5

— plots of normalized ROI counts versus ACTIVITY according to 3.5.5

— ADDRESS PILE UP according to 3.5.5

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

4.7 SCATTER FRACTION

— SCATTER FRACTIONS SF; and SF according to 3.6.6

4.8 Accuracy of ATTENUATION correction

AC,;
—  profi

r DCqolidr ACyater» @and NU, according to 3.7.5
les across inserts according to 3.7.5
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Table 1 — RADIONUCLIDES to be used in performance measurements

RADIONUCLIDE HALF LIFE Branching ratio
min
8¢ 109,70 + 0,11 0,971 + 0,002
tic 20,375 0,998

$

@%
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31
9
190 + 3
0 200 + 3
] \\
\ \> IEC |152/98
Dimensiohsi’ millimetres Material: polymethylmédthacrylate

Figure 1 — Cylindrical head phantom
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Centre of phantom

o
[32]
N

T o |

% / o

(e}

/X 17X XL XX X
- 150 ( >~
N IEC 183/98
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Figure 3 — Arm phantom
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Material: polymethylmethacrylate
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Dimensions in millimetres Material: polymethylmethacrylate

NOTE - All diameters given are inside diameters.

The wall thickness of the spheres shall be <1 mm.
The centres of the spheres shall be at the same distance from the surface of the mounting plate.

The mounting plate replaces the cover of the head phantom.
The spheres can also be made from glass.

Figure 4 — Phantom insert with hollow spheres
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IEC |153/98
Dimensio Material: polymethylmdthacrylate
NOTE - Tlhgunounting plate replaces the cover of the head phantom.

The sourde_holders consist of tubes of lengths sufficient to fill the inside length of the head phantom

In addition, the drawing shows the weighting areas (bounded by the dashed lines) for the scatter measurement.

Figure 5 — Phantom insert with holders for the scatter source
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of polymethylmethacrylate have outer dimensions of 50 mm diameter x 185 nf

IEC 184

The solid

cylinder made of polytetratluoroethylene i1s 50 mm in diameter x 165 mm Iength.

Figure 6 — Phantom insert for the evaluation of
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