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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR MEDICINE INSTRUMENTATION -
ROUTINE TESTS -

Part 3: Positron emission tomographs

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for s prising
all |national electrotechnical committees (IEC National Committees). The obj romote
intgrnational co-operation on all questions concerning standardization in the electfi Ids. To
thi§ end and in addition to other activities, IEC publishes International Stangdarg igations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides s “IEC
PuBlication(s)”). Their preparation is entrusted to technical committees; apy prested
in the subject dealt with may participate in this preparatory work d non-
governmental organizations liaising with the IEC also participate in closely
with the International Organization for Standardization (ISO) in Zccorda ined by
agreement between the two organizations.

2) Thg formal decisions or agreements of IEC on technical mattg 8 possible, an interrational
conjsensus of opinion on the relevant subjects since eac i rom all
intgrested IEC National Committees.

3) IE(Q Publications have the form of recomméndation ational
Corhmittees in that sense. While all reaségabl of IEC
PuBlications is accurate, or any
midinterpretation by any end user.

4) In ications
tran rgence
bet idated in
the

5) IEQ or any
eqyi

6) All

7) Nolii employees, servants or agents including individual expefts and
me ational Committees for any personal injury, property danpjage or
othg Q ,whether direct or indirect, or for costs (including legal feqs) and
exp isi he «puybli tlon use of, or reliance upon, this IEC Publication or any other IEC
PuBlicati

8) Attg SN ative references cited in this publication. Use of the referenced publications is
ind{spersahleXor the ‘cOrre i i icati

9) Attg i e pogsibility that some of the elements of this IEC Publication may be the subject of
pat EC halN note held responsible for identifying any or all such patent rights.

The main task of IE€ technical committees is to prepare International Standards. Howejver, a

techn|cal,committee may propose the publication of a technical report when it has collected

data of a“different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61948-3, which is a technical report, has been prepared by subcommittee 62C:

Equipment for radiotherapy, nuclear medicine and radiation dosimetry, of IEC technical
committee 62: Electrical equipment in medical practice.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
62C/376/DTR 62C/383/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

In this technical report the following print types are used:

* requirements, compliance with which can be tested, and definitions: in roman type;

¢ explanation, advice, introductions, general statements, exceptions and reference: in smaller roman type;

» test specifications: in italic type;

* TERMS DEFINED IN CLAUSE 3 OF THIS TECHNICAL REPORT OR LISTED IN THE INDEX OF DEFINED

TERMS: SMALL CAPITALS.

bstore.iec.

* refponfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication

dicine

unchanged until

ch" in
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INTRODUCTION

This technical report is based on the German Standard DIN 6855-4 "Qualitatsprifung
nuklearmedizinischer Messsysteme — Teil 4: Konstanzpriufung von Positronen-Emissions-
Tomographen (PET)".

@%
B
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NUCLEAR MEDICINE INSTRUMENTATION -
ROUTINE TESTS -

Part 3: Positron emission tomographs
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3.2

acceptance test
test carried out at the request and with the participation of the user or his representative to
ascertain by determination of proper performance parameters that the instrument meets the
specifications claimed by the vendor

[IEC TR 61948-1:2001, definition 3.2.1]

NOTE An ACCEPTANCE TEST should be carried out at the time of installation and when appropriate after major
service. During or immediately after ACCEPTANCE TEST, REFERENCE DATA are collected to be used as a standard for
comparison with future ROUTINE TESTS.
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3.3

routine test
test of a piece of equipment or its components, which is repeated at specified intervals, to

estab

NOTE

lish and document changes from the initial status described by REFERENCE DATA

A ROUTINE TEST could be carried out by the user with simple test methods and equipment.

[IEC TR 61948-1:2001, definition 3.2.2]

3.4

reference data
a set of data measured immediately after acceptance testing, using test methods designed for

routin

[IEC TR 61948-1:2001, definition 3.2.3]

3.5
positfon emission tomograph
tomographic device which detects the ANNIHILATION RAD po n en

RADIONUCLIDES by COINCIDENCE DETECTION

[IEC §1675-1:1998, definition 2.1.3.1]

3.6

annil'lilation radiation

ionizing radiation that is produced whe 3 and particle interact and cease to
exist

[IEC 61675-1:1998, definition 2.1.3.2]

3.7
proje

NOTE
tomogr]

[IEC 4

3.8
line o
LOR
the ay

NOTE

determines the smallest possi
imagqg is integrated, dpring
RESOUYUTION in allir'eedi

E testing

ction beam
which the physical property which determin
eént process. Its shape is limited by s

is of-the PROJECTION BEAM

M“PET, it is the line connecting the centres of two opposing detector elements operated in coinciden

hitting

bs the
PATIAL

nission

[IEC 61675-1:1998, definition 2.1.3.5]

3.9

relative sensitivity per line of response
ratio of the COUNT RATE of TRUE COINCIDENCES, measured for a specific PROJECTION BEAM and
assigned to the corresponding LINE OF RESPONSE, to the mean COUNT RATE of TRUE
COINCIDENCES of all lines of response

3.10

count rate
number of counts per unit of time

[IEC 61675-1:1998, definition 2.7.2]
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3.1
total field of view
dimensions (three-dimensional) of the TOMOGRAPHIC VOLUME

[IEC 61675-1:1998, definition 2.1.2.8.3]

3.12
tomographic volume

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

PROJECTION ANGLES

[IEC 61675-1:1998. definition 2.1.2.8]

3.13
total toincidences
sum df all coincidences detected

[IEC §1675-1:1998, definition 2.1.3.6]

3.14
true goincidence
result| of COINCIDENCE DETECTION of two gamma e gina the same pd
annih|lation

[IEC 61675-1:1998, definition 2.1.3.6.

3.15
randgm coincidence

result| of COINCIDENCE DETE
positrpn annihilations

[IEC §1675-1:1998, de

3.16
system axis
axis d
the sy

NOTE
detectg

[IEC

3.17
transyerse resolution
SPATIAL'RESOLUTION in a reconstructed plane perpendicular to the SYSTEM AXIS

sitron

ting photons emerge from different

ent of

of the

[IEC 61675-1:1998, definition 2.4.1]

3.18

count loss

difference between measured COUNT RATE and true COUNT RATE, which is caused by the
RESOLVING TIME of the instrument

[IEC 61675-1:1998, definition 2.7.1]

finite
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3.19

sinogram

two-dimensional display of all one-dimensional PROJECTIONS of an OBJECT SLICE, as a function
of the PROJECTION ANGLE. The PROJECTION ANGLE is displayed on the ordinate, the linear
PROJECTION coordinate is displayed on the abscissa

[IEC 61675-1:1998, definition 2.1.2.4]

3.20

line source
straight radioactive source approximating a Jfunction in two dimensions and being constant
(unifofm) n the third dimension

[IEC §1675-1:1998, definition 2.10]

3.21
calibfation factor
the relation between measured COUNT RATE per unit vo
concgntration in the object

| AQTIVITY

NOTE | Although the CALIBRATION FACTOR is related to the acquisition Ts b of the
system| (e.g. 2D, 3D) it is independent of the actual acquisition pa .ga \ jected,
etc.) anpd reconstruction parameters. Especially it should be independent of.the,objest upder study.

3.22
normalization

the pfocess of setting up the system and creati
the system

nce of

4 Test methods

41 CALIBRATION FA( 2 © pration

For each mode
irradiating the TOTA

using f
with ¢

D/3D, the CALIBRATION FACTOR is determingd by
a uniform flux of a positron emitting RADIONUYCLIDE
filled either with a homogeneous aqueous solutlon or
ining the ACTIVITY with a known ACTIVITY concentiation.

The p - d\both transaxially and axially within the TOTAL FIELD OF VIEW.
The t ACTIVIYY used shall be such that the COUNT LOSSES are less than 5 %, and
that t \ E rate is less than 5 % of the total coincidence rate.

The measured SINOGRAMS are reconstructed applying all corrections (NORMALIZATION, COUNT
LOSS,| décay, attenuation, scatter, and RANDOM COINCIDENCES). From the reconstjucted
homopgenéous volume the CALIBRATION FACTOR relating COUNT RATE per unit volume elemient to
the ACTIVITY concentration in the phantom shall be determined and shall be checked for being
constant.

The accuracy of this test is critically dependent upon the accurate knowledge of the ACTIVITY
concentration of the phantom. This can be assured by using a phantom filled with a long-lived
positron emitter (e.g. Ge-68) with a certified ACTIVITY concentration, or by using a dose
calibrator or well counter of known accuracy to assay the phantom’s ACTIVITY concentration.

When using quantitative PET-applications, the traceability of the ACTIVITY concentration as
measured in the dose calibrator, well counter (if necessary) and tomograph has to be assured
(cross-calibration).
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RELATIVE SENSITIVITY PER LINE OF RESPONSE and goodness of NORMALIZATION

The sensitivity of all lines of response is tested by irradiating the TOTAL FIELD OF VIEW with a
uniform flux of a positron emitting RADIONUCLIDE using rotating line or plane sources, ring
sources or uniform cylindrical phantoms centred on the SYSTEM AXIS.

From the acquired SINOGRAMS the RELATIVE SENSITIVITY PER LINE OF RESPONSE, related to the
average of all sensitivities per LINE OF RESPONSE, shall be calculated. These data shall be
condensed by appropriate methods on a per detector element base to reduce the amount of
data (e.g. by adding all LOR’s originating from one detector element). These data shall be
checked for constancy.

In addition, all SINOGRAMS acquired shall be numerically compared to”thescorrespgnding
refergnce SINOGRAMS acquired immediately after the actual NORMALIZA asurement in
use tq check the goodness of NORMALIZATION.

4.3 | TRANSVERSE RESOLUTION

For POSITRON EMISSION TOMOGRAPHS, where reconstpds i q change
electrpnically due to detector design and alignment, TRANSY RE in the radial and
tangential direction shall be measured for a LINE S vair and arrgnged
parallel to the SYSTEM AXIsS at a radial displacerien 0 . Yhese data shall be
compgred to the reference resolution data mea 3 ; < testing according to
IEC 6[1675-1:1998.

4.4 |PIXEL size

For POSITRON EMISSION TOMOGRAPHS, {where_PI ight change electronically due to
detec alogous manner to IEC TR 61948-2:
2001. hall"se \carrted) oyt f@r two LINE SOURCES, which are arrgnged
parall are positioned parallel to each of the X, Y,
and 2 structed images the PIXEL size for|each
coord mpared to the REFERENCE DATA.

4.5

All me¢chanical pa s_interpldne septa, transmission sources, patient bed and $o on,
shall S Wi mechanical stability and safety of operation.

4.6 nentation system

The s Qr image display (hardware and/or software) as well as the system used
for hgqrdcopies-should/be included in the quality chain. As procedures are strongly depgndent
on th} actual configuration, specific recommendations are beyond the scope of this technical
repor{.

5 F

RouTi

requency of ROUTINE TESTS

NE TESTS shall be carried out at the time intervals given in Table 1.
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