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The npain’task of IEC technical committees is to prepare International Standards. Howe

INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR MEDICINE INSTRUMENTATION - ROUTINE TESTS -

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

FOREWORD

Thq International Electrotechnical Commission (IEC) is a worldwide organization for standardization’ conjprising
all [national electrotechnical committees (IEC National Committees). The object of IEG" iS to promote
intgrnational co-operation on all questions concerning standardization in the electrical and-electronic fidlds. To
thisl end and in addition to other activities, IEC publishes International Standards, Technical Specifigations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftén referred to ap “IEC

PuRlication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee int
in fhe subject dealt with may participate in this preparatory work. International) governmental an
governmental organizations liaising with the IEC also participate in this prepafation. IEC collaborates
withh the International Organization for Standardization (ISO) in accordance\with conditions determi
agrgement between the two organizations.

brested
d non-
closely
hed by

Thqg formal decisions or agreements of IEC on technical matters express,‘@s nearly as possible, an interrjational

conlsensus of opinion on the relevant subjects since each technical committee has representation f
intgrested IEC National Committees.

rom all

IEQ Publications have the form of recommendations for international use and are accepted by IEC National

Committees in that sense. While all reasonable efforts aredmade to ensure that the technical content
Puljlications is accurate, IEC cannot be held responsible for the way in which they are used or
misjnterpretation by any end user.

In ¢rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
trarlsparently to the maximum extent possible in‘their national and regional publications. Any divg
betyveen any IEC Publication and the corresponding”national or regional publication shall be clearly indid
thellatter.

IEQ itself does not provide any attestation~of conformity. Independent certification bodies provide con
assgessment services and, in some area$,)access to |[EC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

No [liability shall attach to IEC or-its directors, employees, servants or agents including individual expe
members of its technical committees and IEC National Committees for any personal injury, property dan
other damage of any nafure’ whatsoever, whether direct or indirect, or for costs (including legal feq
explenses arising out_of the publication, use of, or reliance upon, this IEC Publication or any oth
Publications.

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

Attention is drawf:to' the Normative references cited in this publication. Use of the referenced publica
indispensable_forthe correct application of this publication.

Attention isdrawn to the possibility that some of the elements of this IEC Publication may be the su
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

of IEC
or any

cations
rgence
ated in

formity

for any

rts and
age or
s) and
er IEC

ions is

ject of

ver, a

technical 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 TR 61948-2, 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.

This second edition cancels and replaces the first edition published in 2001. It constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:
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aptation to apply to the present technology;
dating of the test methods to comply with the recent state of the art.

The text of this document is based on the following documents:

Draft TR Report on voting
62C/714/DTR 62C/733/RVDTR

2019

Full information on the voting for the approval of this document can be found in the report on

voting

indicated in the above table.

This @

In this

- re
— not
- te
— TH

The r¢quirements are followed by specifications for the relevant tests.

A list
instru

The c

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data rela

the sq
o re
e Wi
o re
e an
A bilin

ocument has been drafted in accordance with the ISO/IEC Directives, Part 2.

document, the following print types are used:

quirements, compliance with which can be tested, and definitions: roman type;

5t specifications: italic type;
RMS DEFINED IN CLAUSE 3 OF THIS DOCUMENT: SMALL CAPITALS.

of all parts in the IEC 61948 series, published under the general title Nuclear me
mentation — Routine tests, can be found on theYEC website.

bmmittee has decided that the contents ofsthis document will remain unchanged un
ecific document. At this date, the document will be

confirmed,
thdrawn,
blaced by a revised edition, or

hended.

gual version of-this publication may be issued at a later date.

bs, explanations, advice, introductions, general statements, exceptions and reférences: smaller romagn type;

dicine

til the
ted to
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NUCLEAR MEDICINE INSTRUMENTATION - ROUTINE TESTS -

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

cope
art o .~ WhiCh 1S a Technical Report, 1s vald for single photon scinil
as with parallel hole collimators used in planar scintigraphy and tomography.nt-

co-registration between the SPECT and CT subsystems. The objective is to specify RQ

TESTS

2 N

The f
conte
cited
any a

IECT

IEC 6

for QUALITY CONTROL. Methods for the ACCEPTANCE TEST are described in {EC 6167

lormative references

bllowing documents are referred to in the text in such a way that some or all o
nt constitutes requirements of this document. For dated“references, only the ¢
bpplies. For undated references, the latest edition of the‘réferenced document (inc
mendments) applies.

R 60788:2004, Medical electrical equipment — GloSsary of defined terms

1675-2:2015, Radionuclide imaging devices — Characteristics and test conditi

Part 4: Gamma cameras for planar, wholebody,-and SPECT imaging

IECT

R 61948-1:2016, Nuclear medicinésinstrumentation — Routine tests — Part 1: G

radiatfon counting systems

3 T

prms and definitions

For the purposes of thissdocument, the terms and definitions given in IEC 60788, IEC 61
and IEC TR 61948-1 and the following apply.

ISO a
addre

e |E
e |S
NOTE

3.1

d IEC maintain terminological databases for use in standardization at the foll
ses:

Electropedia: available at http://www.electropedia.org/

Online browsing platform: available at http://www.iso.ora/obp

lation
5 also

or the SPECT portion of SPECT/CT systems with parallel hole collimators, including the

UTINE
5-2.

their

dition

uding

pns —

amma

675-2,

pwing

Defined terms are printed in small capital letters.

ACCEPTANCE TEST
test carried out after new EQUIPMENT has been installed, or major modifications have been

made

Note 1

to existing EQUIPMENT, in order to verify compliance with contractual specifications

to entry: During or immediately after ACCEPTANCE TEST, REFERENCE DATA are collected to be used as a
standard for comparison with future ROUTINE TESTS.

[SOURCE: IEC TR 60788:2004, rm-70-01, modified — The note to entry has been added.]
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QUALITY CONTROL

<nuclear medicine> part of the quality assurance

appro

Note 1

priate test methods

to entry: Includes both ACCEPTANCE TEST and ROUTINE TEST.

[SOURCE: IEC TR 61948-1:2016, 3.5]

3.3

ROUTINE TEST

test

F a—piece r\'F egtHpment-orits ﬁnmnnnani-c which—is—repeated—at enarﬂflnd nterv
P o P

including tests of instruments with

Is, to

estab

Note 1

[SOU

3.4

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

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

RCE: IEC TR 61948-1:2016, 3.8]

REFERENCE DATA

set of
ROUTI

[SOU

3.5
DETEQ
radiat|

[SOU

3.6
DETEQ
deviat

[SOU

3.7
DETE(Q
FOV
regiorn
perfor

data measured immediately after ACCEPTANCE TEST, using test methods design
NE TEST

RCE: IEC TR 61948-1:2016, 3.7]

TOR HEAD
on detector, collimator and radiation shield
RCE: IEC TR 60788:2004, rm-34-09, modified — The definition has been rephrased

TOR HEAD TILT
ion of the COLLIMATOR AXISAftom orthogonality with the SYSTEM AXIS

RCE: IEC 61675-2:2015, 3.12]

TOR FIELD OF'VIEW

of the detector within which events are included in the display image, and for wh
mance-specifications are provided

[SOU

RCE: [EC 61675-2:2015, 3.11, modified — The note to entry has been deleted.]

ed for

ch all

3.8

SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY

SPEC

T

EMISSION COMPUTED TOMOGRAPHY utilizing single photon detection of gamma-ray emitting
RADIONUCLIDES

[SOURCE: IEC 61675-2:2015, 3.44, modified — The note to entry has been deleted.]


https://iecnorm.com/api/?name=b1bf3a7e7d73579c76dd63bd63f8a0eb

IEC TR 61948-2:2019 © IEC 2019 -7 -

3.9
NON-UNIFORMITY OF RESPONSE

in a RADIONUCLIDE imaging device, difference in count rate between small areas of specified
dimensions within the DETECTOR FIELD OF VIEW when a uniform plane source parallel to the

detector face and of dimensions larger than its entrance field is used
[SOURCE: IEC TR 60788:2004, rm-34-26]

3.10
INTRINSIC NON-UNIFORMITY OF RESPONSE
NON-UNIFORMITY OF RESPONSE of the DETECTOR HEAD without COLLIMATOR

[SOURCE: IEC 61675-2:2015, 3.22]

3.1
SYSTEM NON-UNIFORMITY OF RESPONSE
NON-UNIFORMITY OF RESPONSE of the DETECTOR HEAD with COLLIMATOR

[SOURCE: IEC 61675-2:2015, 3.50]

3.12
SYSTEM SENSITIVITY

<GAMMA CAMERA> with a specified COLLIMATOR and ENERGY WINDOW, the ratio of the COUNT
RATE |of the DETECTOR HEAD to the ACTIVITY of a plang{ source of specific dimensions and
contalning a specified RADIONUCLIDE placed perpendicular to and centred on the COLLIMATOR
AXIS under specified conditions
Note 1 [to entry: See also Figure 1.
Dimensions in millimetres
- 2300
» 2170 N
A A
o
o
o
v
o 2
\,
N| » 1N <
A
y
A
Source =

COLLIMATOR FRONT FACE (GAMMA CAMERA)
IEC

Material: polymethylmetacrylate

Figure 1 — Cylindrical phantom

[SOURCE: IEC 61675-2:2015, 3.51]
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3.13
IMAGE MATRIX
arrangement of MATRIX ELEMENTS in a preferentially Cartesian coordinate system

[SOURCE: IEC 61675-2:2015, 3.18]

3.14
OFFSET
deviation of the position of the PROJECTION of the COR (X’p) from Xp = 0

[SOURCE: IEC 61675-2:2015, 3.30, modified — The reference to Figure 1 has been deleted in
the dgfinition.]

3.15
SINOGRAM
the tWo dimensional display of all one-dimensional PROJECTIONS of an OBJECT SLICE,| as a
functipn of the PROJECTION ANGLE

Note 1|to entry: The PROJECTION ANGLE is displayed on the ordinate. The linear PROJECTION coordipate is
displayed on the abscissa

[SOURCE: IEC 61675-2:2015, 3.45]

3.16
RADIONUCLIDE
radiogctive nuclide

[SOURCE: IEC TR 60788:2004, rm-11-22]

3.17
ACTIVITY
A
quant|tative indication of the radioactivity of an amount of RADIONUCLIDE in a particular energy
state pt a given time

Note 1|to entry: ACTIVITY is determined as the quotient of dN by d¢, where dN is the expectation value| of the
numbef of spontaneous nuclear\transitions from that energy state in the time interval d«:

dN
A= —
dt

The unjt of ACTIFFY is the reciprocal second (s™'). The special name of the unit of ACTIVITY is the becquergl (Bq),
1 Bg bging gqual to one transition per second. The earlier unit of ACTIVITY was the curie (Ci), 1 Ci being equal to
3,7 x 1p"%rarisitions per second.

[SOURCE: IEC TR 60788:2004, rm-13-18]

3.18

COLLIMATOR AXIS

straight line which passes through the geometrical centre of the exit and entrance fields of the
collimator

[SOURCE: IEC 61675-2:2015, 3.5]

3.19

MATRIX ELEMENT

smallest unit of an IMAGE MATRIX, which is assigned in location and size to a certain volume
element of the object (VOXEL)
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[SOURCE: IEC 61675-2:2015, 3.26]

3.20

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 and
called the Radon-transform.

[SOURCE: IEC 61675-2:2015, 3.37]

3.21
OBJE(QT SLICE
slice in the object

Note 1|to entry: The physical property of this slice that determines the measured infonmation is displayeq in the
tomogrpphic image

[SOURCE: IEC 61675-2:2015, 3.29]
3.22

PROJHCTION ANGLE
anglel|at which the PROJECTION is measured or acquired

[SOURCE: IEC 61675-2:2015, 3.38, modified — The.note to entry has been deleted.]

3.23
POINT|SOURCE
radioactive source approximating a 3-function in all three dimensions

[SOURCE: IEC 61675-2:2015, 3.35]

3.24
SYSTEM AXIS
axis df symmetry characterized by geometrical and physical properties of the arrangemgent of
the system

Note 1[to entry: ThetSYSTEM AXIS of a gamma camera with rotating detectors is the axis of rotation.

Note 2 [to entry: { For a circular positron emission tomograph, the SYSTEM AXIS is the axis through the centrg of the
detectqr ring. For tomographs with rotating detectors, it is the axis of rotation.

[SOURCE: IEC 61675-2:2015, 3.49, modified — Note 2 to entry has been added.]

3.25
RADIUS OF ROTATION
distance between the SYSTEM AXIS and the collimator front face

[SOURCE: IEC 61675-2:2015, 3.42]
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4 Test methods

4.1 General

All measurements are performed with the ENERGY WINDOW setting used in clinical practice. A
complete set of data, as specified in this document, are obtained for each DETECTOR HEAD
used, and compared to the corresponding REFERENCE DATA. The outcome of the ROUTINE TEST,
as performed according to the following procedures, will be documented and compared to the
REFERENCE DATA.

In addition, today some SPECT systems include X-RAY EQUIPMENT for COMPUTED TOMOGRAPHY
(CT). [QUALTTY TONTROL tests Specific to omy the CT component of the SPECT/CT are
described in IEC 61223-2-6 or specified by the manufacturer.
4.2 |Planar imaging

4.2.1| ENERGY WINDOW setting

The ppsition of the photopeak and ENERGY WINDOW setting are verified\for each RADIONUCLIDE
used.|A source geometry minimizing scatter is used, i.e. a POINT SQUREE in air. The count rate
for this measurement shall not exceed 40 000 counts per second.

NOTE | A Co flood source can be used with the collimator present instead\of Tc-POINT SOURCE for verification of
ENERGY WINDOW setting.

The tgst report includes the RADIONUCLIDE and the phofopeak position.

4.2.2 Background

The determination of the background count:fate is carried out for the most commonly| used
low ENERGY WINDOW. An increased background count rate may be caused by radiopctive
contamination of the instrument, a radioactive source in the surroundings or by a malfupction
of the|instrument.

The test report includes the background count rate and the ENERGY WINDOW used.

4.2.3 Constancy of sensitivity

The cpnstancy of SYSTEM SENSITIVITY is tested by measuring the count rate, using a common
source of known ACTVITY in a specified constant geometry, ENERGY WINDOW setting and
collimiator.

The test repeort includes measured count rate per unit ACTIVITY compared to the REFERENCE
DATA.

4.2.4 Non-uniformity
4.2.4.1 Measurement of non-uniformity

Non-uniformity without collimator (INTRINSIC NON-UNIFORMITY OF RESPONSE) is measured with a
non-collimated POINT SOURCE centred at a fixed and reproducible distance according to
IEC 61675-2. Alternatively, a source can be placed at a distance for which solid angle
correction is available. The count rate for this measurement shall not exceed 40 000 counts
per second.

Non-uniformity with the collimator ON (SYSTEM NON-UNIFORMITY OF RESPONSE) is measured
with an external uniform flood source. The count rate for this measurement shall not exceed
40 000 counts per second.
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In the presence of substantial scatter (> 50 % of counts are measured outside of photopeak
energy window), the photopeak count rate for this measurement shall not exceed 20 000
counts per second.

4.2.4.

2 Qualitative non-uniformity

For determination of qualitative non-uniformity, at least 3 000 counts per cm?2 is acquired

using

a 99MTc or 57Co source.

The test report includes RADIONUCLIDE, ENERGY WINDOW, COLLIMATOR (if used) and the result of
the visual comparison with REFERENCE DATA.

4.2.4,

For d
using

Integrial and differential non-uniformity are calculated according to IEC 61675-2.

The t
result

4.2.5

Two BOINT SOURCES are placed at a maximum distafnce” of 5 cm from the front face

collim
respe
the di
of the

PIXEL$ representing the distance in the image is the PIXEL size expressed in mm/pixe

acqui

The test report includes PIXEL size.

4.2.6

Using
meas

surfage of the camera/ The acquisition matrix is as large as possible. The RADIONUCLIDE

is 99m

The tgst reportiincludes the result of the visual comparison with REFERENCE DATA.

4.3
4.3.1

¢ Quantitative non-uniformity

btermination of quantitative non-uniformity, at least 20 000 counts per cm?2lis ac
a 99mMT¢ or 57Co source or other RADIONUCLIDES used in clinical studies,

pst report includes RADIONUCLIDE, ENERGY WINDOW, COLLIMATOR" (if used) and nun

D .

PIXEL size

lator and at a known separation of at least{10 cm, parallel to the X- and }
ctively, of the DETECTOR HEAD. From a profilesacross the image of the two POINT SO
stance between the two peak positions are determined in PIXELS. For each axis, th
known distance between the sources expressed in millimetres divided by the num

Sition matrix is as large as possiblesThe RADIONUCLIDE used is 99MTc or %7Co.

Resolution/linearity

a transmission phantom with a repetitive pattern adapted to simultaneous qual
irements of resolution and linearity, both parameters can be evaluated over the

Tc or 57Co.

uired

erical

bf the
-axis,
URCES,
ratio
er of
. The

tative
entire
used

SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY (SPECT)

CENTRE OF ROTATION (COR)

An error-free reconstruction requires the knowledge of the position of the PROJECTION of the
COR into the coordinate X, ¥, for each PROJECTION (i.e. for each PROJECTION ANGLE of that

slice). The subscript "p" refers to PROJECTION space (see Figure 2).
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NOTE
cylinde
ANGLE
(hatchd

For a
SOUR(
PROJE

IEC

The fixed coordinate system X, Y, Z has its origin at\the centre of the tomographic volume (show
), the Z-axis being the SYSTEM AXIS. The coordinate‘system of PROJECTION X ¥y is shown for a PROJ
. For each 6, the one-dimensional PROJECTION ofythe marked OBJECT SLICE has the address range
d). Within this range, the CENTRE OF ROTATION is{(projected onto the address Xp (OFFSET).

Figure 2 — Geometry of PROJECTIONS

circular rotation of the deteeter and for an ideal system, the PROJECTION of a
E at the COR will be at theisame position Xp in the PROJECTION matrix for all ang
CTION (see Figure 2).

The tgst is performed for.al collimators used in clinical studies.

For m
throug

ulti-head systems, each DETECTOR HEAD will be characterized by a full data set
h 360° forreach DETECTOR HEAD configuration used in clinical studies.

ermifie the CENTRE OF ROTATION, the OFFSET X, is measured. POINT SOURCE(S) are

2019

n as a
ECTION
shown

POINT
les of

taken

used.
as a
ioned

radially at least 5 cm from the SYSTEM AXIS to get SINOGRAMS with a discernible shape of a
sine function. The OFFSET is determined for a minimum of three slices with axial positions,
(Z direction), one at the centre of the field of view and the other two +1/3 of the axial field of
view from the centre.

At least 10 000 counts per view are acquired. The PIXEL size is less than 4 mm. For the
calculation of the centroid (centre of mass) Xp(e) of the source in the X, direction, the data are
integrated in the Y direction over a 50 mm wide strip centred around the Y, position of each
source. This is done for each PROJECTION ANGLE 6. Then the OFFSET is determined by fitting a
sine function to the Xp(e) values of each source:

Xp(0)=4sin(0+¢)+ X"
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where

NS R D

is the angle of PROJECTION;

is the amplitude;

is the phase shift of the sine function;

is the average OFFSET to be reported for the three different axial positions.

If there is DETECTOR HEAD TILT, the position of the image of the POINT SOURCE will move not
only in the X, direction, but also in the Y, direction. To determine the X, movement not
influenced by the Y, movement for a reasonable amount of DETECTOR HEAD TILT, the centroid

is calgulated using the 50 mm wide efnp

The tg¢st report includes the collimator, DETECTOR HEAD configuration, the result of the
Ction of the SINOGRAM, and the numerical value of the COR for each DETECTOR’HEAD.
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a homogenous radioactive solution. The reconstructed slices shall be compared visuall
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4.4

Tests

If a system uses an automatic OFFSET correction, then X' is expected to be zero.

2 A plot of the difference between the sine function fit and the actual data can indicate sys
ns of the OFFSET during the rotation of the detectors.

Tomographic non-uniformity

mographic non-uniformity is checked qualitatively usinga cylindrical phantom fille

EFERENCE DATA. The acquisition and reconstruction parameters shall be the san
tudies (e.g. count density, position of the phantom, RADIUS OF ROTATION, collimator
f frequency, number of PROJECTIONS, attenuation correction) and documented.

SPECT/CT co-registration
ccuracy of registration of SPECT ;and CT images is evaluated. Tests are perf

ling to the guidelines and test equipment provided by the MANUFACTURER. The res
tests are documented.

Wholebody imaging

of the spatial resolution and scanning speed constancy are the same as in IEC 61

visual

ematic

d with
y with
he for
, filter,

brmed
ilts of

675-2.
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4.5 Frequency of ROUTINE TESTS

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

Table 1 — Frequency of ROUTINE TESTS

Test Frequency
ENERGY WINDOW setting Daily @
Background Daily @
Qualitative non-uniformity Daily ¢
Quantitative non-uniformity (isotope
mostly used in clinical studies, if °°™Tc is Weekly
used mostly, 57Co could be used instead)
CENTRE OF ROTATION Quarterly
Resolution/linearity Quarterly

Tomographic non-uniformity

Twice yeéarly

Quantitative non-uniformity (all other

isotopes for which a separate calibration Yearly
map is acquired)

Constancy of Sensitivity Yearly
PIXEL size Yearly
Wholebody imaging Yearly

SPECT/CT co-registration

According to manufacturer’s

specification

a8 Each day the instrument isused.
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