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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR MEDICINE INSTRUMENTATION —
ROUTINE TESTS -

Part 2: Scintillation cameras and
single photon emission computed tomography imaging

FOREWORD

1) Thg IEC (International Electrotechnical Commission) is a worldwide organizatig
all [national electrotechnical committees (IEC National Committees). The object\o
intdgrnational co-operation on all questions concerning standardization in t i
thi§ end and in addition to other activities, the IEC publishes International
entfusted to technical committees; any IEC National Committee ipterested in
parficipate in this preparatory work. International, governmental ayfd now
with the IEC also participate in this preparation. The 3
Ordanization for Standardization (ISO) in accordance with cg
twol organizations.

2) Thg formal decisions or agreements of the IEC on tee
intgrnational consensus of opinion on the re i
from all interested National Committees.

3) Thg documents produced have the form of re
of btandards, technical specifications, techn
Corfnmittees in that sense.

4) In ¢rder to promote internatignal unificatio
Staphdards transparently to/the maxmu
divgérgence between the IE€ espopdjrig national or regional standard shall be
ind{cated in the latter.

5) Thg IEC provides no m NG o { \te 1IfS approval and cannot be rendered responsible
egyipment declar \ standards.

6) Attention is dra ibil e of“the elements of this technical report may be the su
patgnt rights. The | k e gible for identifying any or all such patent rights.

The npain task o ¢ i ttees is to prepare International Standards. Howe

techn|cal commi e publication of a technical report when it has col

data ¢f a different which is normally published as an International Standa

example /s )

IEC 6[L948-2 is “a technical report, has been prepared by subcommittee

Equipment for’radiotherapy, nuclear medicine and radiation dosimetry, of IEC tec
comnlitte€ 62: Electrical equipment in medical practice.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
62C/256/CDV 62C/266A/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

in the
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In this technical report the following print types are used:

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

— notes, explanations, advice, introductions, general statements, exceptions and references: in smaller roman
type;

— test specifications: in italic type;

— TERMS DEFINED IN CLAUSE 3 OF THIS TECHNICAL REPORT OR LISTED IN ANNEX A: SMALL CAPITALS.

The requirements are followed by specifications for the relevant tests.

The gommittee has decided that the contents of this pubtication with Temain anciiangey until
2005.[ At this date, the publication will be

e refponfirmed;

e withdrawn;

« replaced by a revised edition, or
¢ amended.

This document, which is purely informative, is not Interngtional

B
S
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1 S

NUCLEAR MEDICINE INSTRUMENTATION —
ROUTINE TESTS -

Part 2: Scintillation cameras and
single photon emission computed tomography imaging

cope and object

This

collim
TESTY
IEC 6

2 R

IEC 6

IEC 6
type ¢

IEC 6
Part 2

IEC 6
Part 3

3 T

For t
IEC 6
terms

3.1
QUALI
part
appro
NOTE

for QUALITY CONTROL. Methods for the ACCEPTANCE TEST are d
1675-2.

eference documents

0788:1984, Medical radiology — Terminology

0789:1992, Characteristics and test condit
jamma cameras

TY CONTR
Df the -\ qua assurance in nuclear medicine including tests of instrumentg
priate test metHods

In€ludes both the ACCEPTANCE TEST and the ROUTINE TEST.

hole
UTINE
9 and

Anger

pns —

pns —

0789,
pfined

with

3.2 Methodology

3.2.1

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
NOTE An ACCEPTANCE TEST should be carried out at the time of installation and when appropriate after major

service. During or immediately after ACCEPTANCE TESTING, REFERENCE DATA are collected to be used as a standard
for comparison in future ROUTINE TESTS.
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3.2.2

ROUTINE TEST

test of a piece of equipment or its components which is repeated at specified intervals, to
establish and document changes from the initial status described by REFERENCE DATA

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

3.2.3

REFERENCE DATA

a set of data measured immediately after ACCEPTANCE TESTING using test methods designed
for ROUTINE TESTING

3.3
DETEQTOR HEAD
consits of the radiation detector, the collimator and the radiation shi

3.3.1
DETEQTOR HEAD TILT
deviation of the cOLLIMATOR AXIs from orthogonality with th S

3.3.2
DETEQTOR FIELD OF VIEW

region of the detector within which events are
has tq be specified by the manufacturef.

(Nsplayed image. This fegion

3.4
WHOLEBODY IMAGING DEVICE
equipment for scintigraphy,
formeld by linear motion o

3.5

SINGLE PHOTON EMASSIO RHY (SPECT)
emisgion comp y i single photon detection of gamma-ray emnitting
RADIONUCLIDES

3.6
NON-UNIFOR
in a HADIONUELIDE e, difference in count rate between small areas of spgcified
dimerjsighs™within\the’ DEYECTOR FIELD OF VIEW when a uniform plane source parallel to the
detector Ta i :

3.6.1
INTRINSIG NON-UNIFORMITY OF RESPONSE
the NPN:UNIFORMITY OF RESPONSE of the DETECTOR HEAD without collimator

3.6.2
SYSTEM NON-UNIFORMITY OF RESPONSE
the NON-UNIFORMITY OF RESPONSE of the DETECTOR HEAD with collimator

3.7

SYSTEM SENSITIVITY

with a specified collimator and PULSE AMPLITUDE ANALYZER WINDOW, the ratio of the count rate
of the DETECTOR HEAD to the ACTIVITY of a plane source of specific dimensions and containing
a specified RADIONUCLIDE placed perpendicular to and centered on the COLLIMATOR AXIS under
specified conditions
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3.8

IMAGE MATRIX
arrangement of MATRIX ELEMENTS in a preferentially Cartesian coordinate system

3.9

OFFSET
deviation of the position of the PROJECTION of the COR (X’p) from Xp =0

3.10

SINOGRAM
the two dimensional display of all one-dimensional PROJECTIONS of an OBJECT SLICE, as a

functi
linear

3.11

RADIONUCLIDE
radioqctive nuclide

3.12
ACTIV
letter

quant
state
exped

TY
symbol: A

tative indication

the time interval dt:

The unit of ACTIVITY is f

the becquerel (Bq), 1

was t

3.13

COLLI
straig
the cd

3.14

MATRI
small
elems

3.15

e curie (C@C

DN 01 the PROJECTION ANGLE. The PROJECTION ANGLE IS displayed on_the ordinaid
PROJECTION coordinate is displayed on the abscissa

of the radioactivity of an amount pf

RADIONUCLIDE in a particular ¢
g:g of YN by dt, where dN

s from that energy st

he special name of the unit of ACTI
asition per second. The earlier unit of AQ
10 transitions per second.

. The

nergy
is the

ate in

ITY is
TIVITY

| DS of

blume

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 and called the
radon-transform.

3.16

OBJECT SLICE
a slice in the object. The physical property of this slice that determines the measured
information is displayed in the tomographic image
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PROJECTION ANGLE

angle

3.18
POINT

at which the PROJECTION is measured or acquired

SOURCE

radioactive source approximating a &-function in all three dimensions

3.19

SYSTEM AXIS
axis of symmetry characterized by geometrical and physical properties of the arrangement of

the system

NOTE

For a

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

3.20

RADIUS OF ROTATION
distarjce between the SYSTEM AXIS and the collimator

4 T

All m
practit

The SYSTEM AXIs of a gamma camera with rotating detectors is the axis of rotation

circular positron emission tomograph, the SYSTEM AXIS is the

pst methods

exceedmg 20 OOO counts per second A

shall

REFERENCE DATA. The outcqmeNg

proce
signif
corre
4.1

4.1.1

dures, shall be

cant deviatigns,
tion matri@y

Planar imagi

The gorres

RADIO

SOURC

4.1.2

The d

Backgrou

tre of

linical
S not
dard,
nding
owing
e are
5 and

each
POINT

etefmination of the background count rate must be carried out for the most com

monly

used low energy window. An increased background count rate may be caused by radioactive
contamination of the instrument, a radioactive source in the surroundings or by a malfunction
of the instrument.

4.1.3

Sensitivity check

The sensitivity is checked by measuring the count rate, using a reference source with photon

energ

NOTE

y lower than 200 keV in a specified constant geometry.

If a source with known ACTIVITY is used for qualitative testing of the non-uniformity, this procedure can also
be used for the determination of the sensitivity.
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4.1.4 Non-uniformity
4.1.4.1 Planar devices

The qualitative check of non-uniformity without collimator (INTRINSIC NON-UNIFORMITY OF
RESPONSE) can be carried out by acquisition and processing of the image acquired using a
non-collimated POINT SOURCE centered at an appropriate, fixed and reproducible distance.
Alternatively, a qualitative non-uniformity check with the collimator ON (SYSTEM NON-
UNIFORMITY OF RESPONSE) can be performed with an external uniform flood source. For both
cases the count density shall be at least 3 000 counts per cm2. For SCINTILLATION CAMERAS
interfaced to a data processing system a quantitative determination of the integral non-
uniformity according to IFC 60789 is appropriate For this case the count density should be at
least [20 000 counts per cm? to obtain statistically reliable results (this~corresperlds to
approximately 10 000 counts per pixel in IEC 60789).

NOTE | Care should be taken to assure that the image has the correct size and to the
reference image.

4.1.4p SPECT devices

Rotatjonal SPECT imaging is very sensitive to uniformi WS\ Naon-wniformity ¢f the
DETEQTOR HEAD(S) of a SPECT system is always tested with cedli in place (SYSTEM
NON-UNIFORMITY OF RESPONSE) and a flood source. ing the front face of
the collimator shall be constant within +1 %, count
density shall be at least 20 000 coun iformity
must pe calculated according to IEC

NOTE | Care should be taken to assure that to the
reference image.

4.1.5 PIXEL SIZE

TwoO ROINT SOURCES shotldbe wium distance of 5 cm from the front face of
the parallel hole ima S W0 separation of at least 10 cm, parallel to the X- and

Y-axi$, respecti vFrom a profile across the image of the two|POINT
SOUR( ak positions shall be determined in pixels. Fof each
axis t S een the sources expressed in millimetres divided by
the n S ng thé distance in the image, is the PIXEL SIZE expressed in
mm/p|xel. Thg ith iX should be 512 x 512 or as large as possible up to 512 x 512.
The R pe 99MTc or 57Co.

NOTE S e to.calculate the PIXEL SIZE is built in, it may be used as instructed.

4.1.6

camera. Thrs test can be performed with a transm|SS|on pattern or an active source phantom
The acquisition matrix should be as large as possible. The frequency of this test shall be
twice a year.

4.2 Tomographic imaging (SPECT)
4.2.1 DETECTOR HEAD TILT

The correct orientation of the DETECTOR HEAD is essential for the quality of a tomographic
image. The axis of the collimator has to be exactly along that direction which is assumed by
the reconstruction algorithm.
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The proper orientation of the DETECTOR HEAD can be determined with a spirit-level fixed to the
DETECTOR HEAD as long as the system is horizontal or as long as the line defined by the spirit
level has the same angle to the horizontal as the sYSTEM AxIs. This has to be verified during
the ACCEPTANCE TESTS.

If the angle of tilt of the DETECTOR HEAD can be changed by the user, it has to be checked
prior to every acquisition.

4.2.2 CENTRE OF ROTATION (COR)

An error-free reconstruction requires the knowledge of the position of the PROJECTION of the
COR |nto the coordinate X, Y, for each PROJECTION (i.e. for each PROJECTION ANGLE 0f that
slice)] For a circular rotation of the detector and for an ideal system, RQJECTION of a
POINT[SOURCE at the COR will be at the same position X' in the P ix for all
anglep of PROJECTION (see figure 1). For multi-head systems each D.shiall be
charafterized by a full data set taken through 360°.

To determine the CENTER OF ROTATION, the OFFSET X' D has s . POWT SOURCE(S)
are used. A minimum of 32 PROJECTIONS equally spaced ote \ d and displayed
as a BINOGRAM. The RADIUS OF ROTATION should be ource(s) shall be

positipned radlally at least 5 cm from the SYSTEM gl SINOGRAWS with a discgrnible
shaps . minimudm of three sliceg with
axial , +1/3 of
the axi

At lea n. For
the ca D , 50 mm
wide strips i i e ssitign of each source shall be used. This

shall h sine

functi

0 is th plitude, ¢ is the phase shift of the sine functiof, and
X' is : rted for the three different axial positions. The acquracy
of the) G ion.f o.be within £1,5 mm. Correction of the OFFSET will decreage the

field iew\ hsolute value of the OFFSET should be small, e.g. lesq than
10 m tr Vi

NOTE

NOTE p OR HEAD TILT, the position of the image of the POINT SOURCE will move not only in the X,
directign, butalso in th p direction. To determine the X, movement not influenced by the Y, movement for a
reasonpble amount of DETECTOR HEAD TILT, the centroid is calculated using the 50 mm wide strip. The subscfiptt "p"
refers Jo\PR@JIECTION space (see figure 1).

NOTE 3 If a system uses an automatic OFFSET correction which cannot be switched off, then X' shall be zero. In
addition, the difference between the sine function fit and the actual data shall be plotted (showing the error) as a
function of 6. The maximum difference of each axial position shall be reported. The values are valid only for the
collimator used, and shall be stated in millimetres.

NOTE 4 Systematic deviations are indicative of varying OFFSET during rotation of the detector.

4.2.3 Tomographic non-uniformity

The tomographic non-uniformity is checked qualitatively using a cylindrical phantom filled with
a homogenous radioactive solution. The reconstructed slices have to be compared visually
with the reference images. The acquisition parameters must be the same for both studies
(e.g. count density, position of the phantom, RADIUS OF ROTATION, collimator, filter, cutoff
frequency, number of PROJECTIONS, attenuation correction) and documented.
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