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The World Health Organization is a specialized agency of the Uni ed Nations with orimary
responsibility for international health matters and pubtic healih. Through this organization,
which was created in 1948, the health professions of more than 155 count-ies exchange their
knowledge and experience with the aim of making possible the attain nent by cl citizers of the
world by the year 2000 of a level of health that will permit them te lead a socially and economically
productive life.

By means of direct technical cooperation with its Member States, and by stimulating such
cooperation among them, WHQ promotes the development of comprehkensive health services, the
prevention and control of diseases. the improvement of envirarmental corditicns, the
development of health manpower, the coordination and development of bicmedicat and health
services research, and the planning and implementation of health prxgram nes.

These broad fields of endeavour encompass a wide variety of activties. such as developing
systems of primary healih care that reach the whole population of Menber cc ur tries; promoting
the health of mothers and children; combating malnutrition; contsolling malara and other
communicable diseases including tuberculosis and leprosy: having achievec the eradication of
smallpox, promoting mass Immunizalion campaigns against a number ol other preventabie
diseases; improving mental health; providing safe water suppiies; and 1z ining health persoanel of
all categories.

Progress towards better health throughout the world also demands internat.onal cooperation
wm such malters as establishing international standards for biclogical sabstaices, pesticides and
pharmaceuticals; formulating environmental health ¢riteria; recomm:nding international non-
proprietary names for drugs; administering the International Health Regulations: revising the
International Classification of Diseases, Injuries. and Causes of LZeath: and collecting and
disseminating health statistical information ’

Further information on many aspects of WHO's work 1s preserced in th2 Organ zation's
publications.

Cover photograph by courtesy of Autonomous Division of Naclear Medicine,
Central University Hospital of Vaud, Lausanne, Switzerland.
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on diagnostic radiology and nuclear medicine has been mainly concerned

with improving the coverage of these services and increasing their efficiency.
Several of the activities in guestion, carried out in coilaboration with the
International Atomic Energy Agency (IAEA), have been devoted to efficacy
and efficiency studies and the implementation in clinical practice of guality
control and guality assurance 1n the diagnestic applications of radiation and
radionuclides, with the aim of improving diagnostic quality and reducing
wastage. This is particularly important for developing countries, in which the
resources that can be devoted to health care are limited; the problem is
frequently compounded by a lack of well-trained personnel and difticulties in
obtaining equipment and radionuchide supplies.

In most countries—even those possessing a considerable number of nuclear
medicine facilities—quality control procedures have still not been put into
practice in many hospitals and other medical institutions.

Nuclear medicine—a specialty that owes its existence to advances in
technology-- offers parucular advantages for the diagnosis of a wide range of
malignant and nonmalignant diseases. However, in order to achieve a high
standard ol diagnosuc reliability at the outset and then maintain it per-
manently, it is essential to institule guality assurance programmes.' Such
programmes must cover all aspects of the nuclear medicine diagnostic process
and include regular quality control tests for the instrumentation, the
radiopharmaceuticals, and the methods of evaluating the diagnostic results. A
duality assurance programme in a nuclear medicine department should
therefore cover each stage of the diagnostic process, from the initial decision
to perform a chosen diagnostic test, to the recording of the results, and to the
collection of any subsequent follow-up data.

Three main objectives should be envisaged when quality assurance
programmes are considered:

! For a definition of this term, sce Annex 1.
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(1) improvement in the quality of the diagnostic informatior,

(2) use of the minimum amount of radionuclide activity to ensure the
production of the desired diagnostic information; and

{3) effective use of available resources.

A number of countries have already commenced guality asturance and
quality control programmes in nuclear medicine at the nanonal level
However, most of these programmes have resulted from local icitiative and
often depend on the particular interest of a few specialists—physicians,
medical physicists, radiopharmacists, and radiochemsts—con:erned with
this aspect of radiation medicine.

An international meeting on quality assurance in nuclear medicine' was
organized by WHO in collaboration with the Institute of Nuclear Medicine of
the German Cancer Research Centre, the Institute for Radiatior Hygiene of
the Federal Health Office, and the Society for Radiation and Environmental
Research—all of the Federal Republic of Germany. The present guide, which
was prepared following the holding of the meeting, summarizes e available
data, defines the main components of quality assurance and quality control
programmes, and describes the organizational and technical mett ods that are
required for the efficient and efficacious implementation of such programmes
on a national, regional, and international basis.

' Another international meeting—a workshop on quality assurance it diagnostic radiology—
was held in October 1980. A guide on this subject has been published by WHO 15 a companion
volume to the present publication.

2. Definition of the problem

DIAGNOSTIC procedures can be improved by ensuring optimum 1nstru-
ment performance, by the development of new radiopharmaceuticals, by
the introduction of new methods of investigation, and by using a well-
designed system of dala recording, storage, and retrieval 1o facilitate efficient
and accurate statistical analysis of the data.

When the complexity of nuclear medicine procedures is considered, it is not
surprising that performance varies not only with different instruments and
different radiopharmaceuticals, but also with nominally identical procedures.
This fack of uniformity is due both to variations in the training and experience
of staff members—ie.. physicians, physicisis, technologists, and tech-
nicians—and to changes in the instrument performance and the quality of
the radiopharmaceuticals. In order to guaraniee the necessary uniformity of
diagnostic procedures in nuclear medicine, initial and then rourine resis' are
essential. This subsequent performance testing is known as quality control'
and refers to individual components of a diagnostic procedure. Quality
assurance' refers 1o the entire diagnostic process including the instru-
mentation, the radiopharmaceuticals, and the diagnostic report. Comparison
of nuclear medicine investigation methods on a regional, national, or
international level will be of value for both patient and management services
and will lead to greater uniformity of diagnostic procedures in nuclear
medicine. Such comparisons can be undertaken using tests of overall quality
that determine the total performance of a particular procedure. The problem
thus commences at the local departmental level, but its logical solution
extends to international cooperation.

' For definitions of these terms, see Annex 1.



3. Organization of quality
assurance programmes

UALITY assurance programmes should be implemented in all countries
W that use nuclear mcdlcme procedures, and should take account of the
mstrumentation, radiopharmaceuticals, and evaluation of the diagnostic

results. The organization of such quality assurance programmes and the
requirements for training are discussed in sections 3.1-3.7.

3.1 Organizationa) structure and stages

~An organ}zational structure 15 essential to the efficient and accurate
implementation of a quality assurance programme. Fig. | illustrates such a
structure and schematically indicates the interactions that should occur
betweep the different components. There should always be two constituen:
parts: first. the nuclear medicine department, which may be represented by thé

Fig 1. Organizations involved in quahity assurance programmes
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parent hospital or institution, and, secondly, a national working group that is
competent to set reference standards. Such a working group may be formed,
and monitored, under the auspices of governmental authorities and/jor
national professional associations. The types of professional associations or
societies vary from country to country, since membership qualifications differ.
There are associations solely for nuclear medicine physicians, for medical
physicists, or for technologists, as well as associations that do not distinguish
between the different categories of nuclear medicine personnel.

Two-way interactions between the national organizations and international
organizations—{r example, the World Health Organization and the
International Atomic Energy Agency (IAEA)—are of particular value. Also,
at a lower level. an interaction between industry and nuclear medicine
departments can prove to be of great assistance and should be encouraged.

A quality assurance programme may be organized in two stages. Stage 1,
which is termed #nitial basic in this guide, is for the contrel of standards and
specifications for the acceptance of instrumentation and radiopharma-
ceuticals and for the establishment of reference standards for all future
measurements. Stage 2, which is termed routine herein, is for the assurance of
good practice in daily work. and takes into account all aspects of the
diagnostic procedures, including instrumentation, radiopharmaceuticals,
radiation safety. patient records, and the evaluation of results. Examples of
some of these necessary aspects are given in Table 1.

Tabe 1. Examples of factors to be considered when
astablishing quality assurance programmes

Organizational Instrumentation Radiopharmaceuticais
stage
(1) 1mtial basec Definition of specifications. Detinition of standards.
Acceptance testing Licensing registration
Initial testing 10 enable Ctuality assessment

reference vatues to be defined
Design of record book log-book

(2} Routine Measurement of parameters. Acceptance proceduses for
Test procedures with selected “ready-tor-use”
radionuchde sources and pharmaceuticals
phantoms Tests for radiochemical purity,
Documentation of resuits in which can be simply applied.

record book log-book.

The results of quality control measurements should be compared with
reference standards, and if this analysis indicates that any significant depar-
ture from the standards has occurred, then appropriate action should be taken
1o ensure that the performance characteristics are improved. Accurate

record-keeping is essential, and a good data-storage and data-retrieval system
should be available.
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3.2 The nuclear medicine facility

At each stage of the quality assurance programme organization, whather it
be initial basic or routine, an appropriate framework should be established to
facilitate the implementation of the quality assurance programme. A nuclear
medicine facility may consist of a single department or a rumber of
departments in a group of hospitals that are responsible to a single mstitution.
However, regardless of the local administrative arrangements, all depart-
ments, when initiating 1 quality assurance programme, must consider staffing
and equipment, the org.nization of initial basic and routine quality assurance,
the analysis of results, and the implementation of follow-up a:tion should the
results prove to be unsatisfactory.

3.2.1 Staffing and equipment

Responsiblity for the safety of the patient and for the quality of the
diagnostic process is vested in the nuclear medicine physizian in charge,
although certain aspects of this responsibility may be delegated to the nuclear
medicine scientist—e.g., medical physicist, radiopharmacist, or radio-
chemist—or to the chief nuclear medicine technician, However in many
countries, little attention has so far been paid to the need for and the
availability of nuclear medicine scientists. This situation shculd te rectified
and more attention should be paid to the requirements of the quality
assurance programme organization. It has been shown hat liagnostic
efficiency, cost-benefit, and radiation protection practices improve when
trained nuclear medicine scientists are among the staff membe-s of the ruclear
medicine facility. This category of personnel is of vital importance for the
efficient implementation of quality assurance programmes, particuiarlv when
specitalized instrumentation has to be used.

In hospitals without any qualified medical physicists, radiopharmacists,
radiochemists, or other competent scientific personnel, the neczssary expertise
should be made available by cooperation with other hosp tals, institutes,
prolessional associations, or governmental bodies. In this case, tie guality
assurance programme will rely heavily on external suppor.. Th= hospital
should therefore ensure that the necessary instrumentation and manpower
resources will always be available whenever required by obtaining a formal
agreement from the external hospital or institute in order to avoid a vague ad
hoe arrangement.

3.2.2 Initial basic quality assurance

Quality control measurements are undertaken to assess whether nuclear
medicine instrumentation and radiopharmaceuticals comply with their
specifications. The results of initial tests should be recordec as a basis for
reference standards. Tests should be repeated annually and also after any
major change of components, updating by the manufacturer, or repairs. Since
it 1s essential to maintain long-term overall stability of performance, these
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initial and basic quahty assurance measurements must be very carefully
specified, performed, recorded, and evaluated.

3.2.3 Routine quality assurance

Routine quality assurance is performed to maintain high standards in all
nuclear medicine procedures. Since the measurements are routine, they should
be simple and uncomplicated, so that they can be ‘mplemented frequently in
the initial working period and during periods when a defect is being
investigated.

324 Analysis of resulls

The analysis of quality assurance measurements must be made by a
competent person with adequate experience. He should consider the following
two aspects:

(1) Isthe observed result significantly different from the reference standard
obtained initally?

(2) Is the observed result due to errors in the quality control procedure?

If there is no error in the quality control procedure, and the observed result
does not represent a significant departure from the reference standard, then
routine nuclear medicine studies can proceed. However, if there is a significant
change in quality from that achieved at installation of the instrumentation-
for example, after repair or after a manufacturer’s modification—then
corrective measures (after-repair test' ) must be taken before further nuclear
medicine studies are carried out. The reference standard refers not only to
image quality, but also to patient radiation exposure. If radiopharmaceuticals
do not fulfil the required standards, corrective measures must be taken.

3.3 Industry

The interaction between indusiry and the local nuclear medicine facility,
and between industry and national organizations, is shown in Fig. 1. These
interactions are highly desirable, since nuclear medicine equipment and
radiopharmaceuticals should be manufactured to meet the latest available
national or international recommendations for acceptable performance
charactenstics. It 1s also important to ensure that, after delivery, documen-
tation for compliance with these standards and regulations should be made
available by the manufacturer. The manufacturer should also be encouraged
to assist the customer with the implementation of acceptance inspection
{acceptance tests),' since this has the advantage of ensuring that the
manufacturer will participate to some extent in the tests, and therefore will not
dispute the results even if they prove that his equipment does not comply with
the agreed specifications.

' For definitions of these terms, see Annex L.
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3.4 National organizations

The links that can be developed between national organizations and the
local nuclear medicine facility are summarized in Fig. 1. The responsibilities of
national authorities vary from country to country and there is no standard
international pattern for equipment assessment, radiation protec:ion and
radivactive waste disposal, licensing of nuclear medicine staff. approval
for the use of radiopharmaceuticals, etc. There is also no overal pattern
determining the role of professional associations and societies in irdividual
countries. However, a national working group may be organized and
sponsored by natioral authorities and/or professional associations or
societies that can assist with such aspects of quality assurance progranmes as:

(1)} Provision of assistance and coordination mechanisms in setting up local
quality assurance programmes.

(2) Provision of nuciear medicine scientist(s) and equipment for cither the
entire or specific parts of the gquality assurance programme in nuclear
medicine facilities which are unable to undertake a quality assurance
programme using their own local resources.

(3} Provision of a monitoring service, on a random basis. to afford a
consistency check on local quality assurance programmes.

(4) Assistance with record-keeping, including advice on data storage and
retrieval systems, so that accurate patient data records can contimue to be
available for statistical analysis (possibly on a national basis).

(5) Provision of calibration services for equipment used in local quality
assurance programmes.

(6) Dissemination of guidelines, codes of practice, regulations, require-
ments, etc.. which are generated by national authorities, professional
associations and societies. and international bodies.

(N Assi;lance with the performance of initial basic quality assurance tests
when this s requested by a nuclear medicine facihity.

(8) Assistance in the preparation of national guidelines, codes of practice,
regulations, requirements, etc., with special reference to legislation and to

relatgd legal_obligalions placed on the nuclear medicine facility and its parent
hospital or institute.

It 1s also reccommended that when national authorities are int-oducing
legislation relate to nuclear medicine, there should be a dialogue between
these authorities and the nuclear medicine experts in the field, so thai realistic
and meaningfui legisla‘ion is enacted,

3.5 Professional associations and societies

Since quality assurance programmes are currently undertaken on a
voluntary basis, the professional associations and societies can and should
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play an important role by:

(1) explaining to their members the importance of a quality assurance
programme for a nuclear medicine facility;

(2) strongly supporting the adoption of quality assurance programmes;

(3) providing guidelines, codes of practice, regulations, etc., either directly
1o the nuclear medicine facility or via a national working group; and

{4) supporting the idea of national working groups in each country, which
can operate as indicated in section 3.4.

3.6 International bodies

At the international levet the promotion of quality assurance programmes
can be achieved by:

(1) recommendations for adequate quality assurance programmes and
their wide dissemination;

(2) promotion of interlaboratory comparison programmes;

{(3) adoption of reference standards; and

(4} coordination of activities related to quality assurance programmes.

3.7 Training requirements

A muajor objective of routine quality assurance is 10 introduce goed practice
for all aspects of nuclear medicine procedures. Thus, imtal training and
continuing education are necessary for all personnel undertaking nuclear
medicine procedures regardless of any previous generalized teaching they may
have reccived in the application of radionuchdes in medicine.

This training should include an adequate grounding in the physies of
radionuclides. radiation protection. and the importance of quality assuruance,
Three standards of training can be considered.

Standard A. A4 basic training requirement for those who have responsibilities
Jor the aperanion of cquipment or for radiopharmacentical preparations. This
standard of training would be required by nuclear medicine technicians,
technologists. ete. The training could consist of a series of locally held
workshops of two days’ duration on various aspects of quality assurance -
e.g.. quality assurance of gamma cameras. During each workshop, one day
should be devoted 1o practical demonstrations and equipment handling. The
training syllabus should be modified according to the particular needs of
the participants -for example, it should not be identical for both the radio-
pharmacists and the personnel responsible for operating the equipment,
such as gamma cameras. The syllabus will also need to be modified in accord-
ance with the different legal requirements of the various countrics. which
should be clearly stated and elucidated. The general framework of work-
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shop topics should include:

(1) radiation protection and the handling of radionuchdes in a *“*hot”
laboratory, including waste disposal;

(2} radiopharmaceuticals,

(3) activity meters (radionuclide “dose™ cahbrators) and radionuclide
counting equipment;

(4) gamma cameras;

(5} rectilinear scanners;

(6) in vitro procedures; and

(7} computer interfaces.

The training should also include familiarization with workshop manuals
and nuclear medicine procedure manuals, all of which should be periodically
reviewed and updated.

Standard B. An advanced training requirement for physicians, physicests, and
radiochemists. This advanced training, in addition to the basic training
requirements of standard A, should provide current informetion on the
performance of nuclear medicine instrumentation and on quality control
measurements. It could be achieved through the medium of both national and
international symposia and seminars sponsored by professional associations.
During this training, special reference should be made to the problem of
reducing the amount of radiation to which personnel and patients are
exposed, while still maintaining good diagnostic results.

Standard C. A continuing education for physicians, physicists. radio-
pharmacists and radiochemists who have operational responsibilitics in a nuclear
medicine facifity. This continuing educational process can be achievad by:

{1) attendance al appropriate scientific meetings;

(2) participation in interlaboratory comparison studies, sponsored by pro-
fessional associations and societies and national authorities, which can be
carried out at either a national or an international level; and

(3) participation n certification and accreditation programmes, where
these exist.

The basic, advanced, and continuing education of radiopharmacists and
radiochemists is also discussed in Chapter 5.

* *

Further reading

The following references are recommended for further reading: 4. 5. 15, i6,
33, 34, 36, and 38.

4. Quality control of nuclear
medicine instrumentation

4.1 General principles

UALITY assurance refers collectively to all aspects of a nuclear medicine

programme that may contribute directly or indirectly to the quality of the
results obtained. Quality control, on the other hand, refers to individual
aspects of the nuclear medicine programme and may be used in relation to
specific instruments and their performance. This chapter is restricted to a
discussion of quality control and the tests which need to be carried out for
each class of instrument to ensure optimum performance. The tests recom-
mended, and their frequencies, should provide acceptabie quality control of
nuclear medicine instrumentation. In the formulation of the recommend-
ations included in this chapter, the document “‘Quality contro! schedules for
nuclear medicine instrumentation” prepared by a 1979 IAEA advisory group
on the quality control of in vivo radionuclide procedures {27) has been used as
a basts and much of its content has been incorporated into the present text.

4.2 Quality control factors

4.2.1 Choice of instruments

The choice of instrument is governed by the type of procedure to be
undertaken, but the choice of a particular nanufacturer’s model must be
determuned in large part by the experience of local users, by referral to any
available comparative results, and by considerations of cost. Full technical
specifications of performance should be sought from the manufacturer when
quotations are requested, and the quotations should be compared not only in
terms of price, but also in terms of the instruments’ ability to satisfy
performance requirements. Accessories to be supplied should include both
operation and service manuals (appropriately updated), and care should be
taken to determine which optional accessories are really necessary. Extension
boards may be required for servicing electronics units and should be provided
at the time of initial installation.

Appropriate radionuclide sources, phantoms, and other devices will be
required for quality control and should be purchased with the instrument. The
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provision of servicing, including spare parts, shouid be scheduled for the
proposed lifetime of the instrument, and manufacturers’ service contracts
should be considered—especially if only minimal technical assistance is
available at the nuclear medicine facility.

4.2.2 Siting and precautionary maintenance

The siting of an instrument should take into account background radiation
levels, electrical power supply requirements, and environmental factors.

Background radiation levels should be considered in relation to the storage
and movement of radioactive materials, including the movement of patients
receiving such materials, and in relation to any nearby X-ray equipment. Such
considerations are especially pertinent to the siting of radionuclide activity
meters and counting systems for radionuclide measurements in rirro, but they
also have a bearing on the location and permitted viewing angles of imaging
instruments.

Electrical power supplies must match instrument specifications as regards
both voltage and frequency, and a properly shielded power line with earth
connextion is essential. Protective devices, such as dropout relays. voltage
surge suppressors, and voltage regulators, should be provided to guard
agamst power defects.

Environmental factors, such as temperature, humidity and cleanness of air
with freedom from dust, smoke, etc., are of great importance, and air filters (if
fitted) should be changed regularly. There must be rigorous inspection of the
mechanical parts of the equipment that involve the safety of the patient. The
importance of performing simple precautionary maintenance, including
cleaning, should be stressed to all nuglear medicine staff.

4.2.3 Acceptance and reference testing

The carrying out of acceptance tests on receipt of a new instrument is the
most critical step towards the achievement and maintenance of high-quality
performance. Great care should be taken when conducting acceptance tests. It
is necessary to esiablish, during the negotiations for the purchase of the
equipment, the mechamsm by which acceptance testing will be undertaken. If
specialized equipment is required, the appropriate arrangements must be
made. For any major instrument, a nominated representative of the manu-
facturer should be present during installation and acceptance testing and
should be abl. to take remedial action if technical specifications are not met.
Otherwise, the purchaser will have to carry out the acceplance tests on his own
and this might lead to problems if remedial action is required. An instrument
th:_al fails to operate correctly at installation has a great likelihcod of never
being satisfactory. However, the purchaser has some insurance against this
event's occurring if he withholds full payment until after successful com-
pletion of the acceptance tests. This procedure has already been adopted in
some countries and has proved effective. It is recommended that more
purchasers insist on such an arrangement.
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Acceptance tests also constitute the initial reference tests,’ and the results
may be used for comprehensive assessments of future performance. Such
reference tests should be repeated after any major failure and subsequent
repair. or when an instrument is moved to a new site.

4 2.4 Routine Iesting

Routine quality control tests are those which should be carried out
regularly to ensure that each instrument produces optimum performance w1‘th
respect Lo its current potentialities, and to determine the rate and extent of its
deterioration with time. Such tests fall into two categories:

(1) daily { operational ) tests. 1o be undertaken whenever an instrument is to
be used; and

(2) longer-period tests, to be undertaken weekly. monthly, quar_lerl.y,. etc.,
the frequency varying according to the rate of failure of the individual
instrument.

Tests should in any case be simple and uncomplicated, and designed to be
completed—according to a defined sequence—in a short period of time, such
as | S minutes, by an experienced person. If relevant, daily tests should include
recordings of the ambient temperature and humidity and the power supply
voltage.

[t should be realized that test schedules represent a compromise between
what is ideal and what is feasible in a facility that has service functions. It is
essential that all personnel should be on the alert for instrument malfunction
and the presence of artefacts, and that appropriate additional tests should be
carried outl whenever results are suspect.

4.2.5 [nstrument records

A good data-recording system is essential for monitoring the operational
quality control and scrvicing requirements of each instrument, and all entries
should be signed. Instrument records are discussed in detail in section 6.2,

4.3 Performance test requirements for activity meters (radionuclide
“dose’" calibrators}

The correct term for this equipment is activity meter, but the term “dose™
calibrator is also still in use. Quahity control of these instruments must include
consideration of background radiation, linearity of the activity response,
and the accuracy and precision of the measurements for radionuclides in
current use.

' For a definition of this term, see Annex |
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4.3.1 Radiation source requirements

Sealed, low-energy, medium-energy, and high-energy gamma radiation
sources (vial-type) calibrated 1o X 52, overall uncertainty' ar: required. These
may be supplied by local, natienal, or other seconda-y standard laboratories.
Table 2 lists suitable sources.

Table 2. Examples of radiation sources that are suitable for use in performance
tests of activity meters

Activity
Radio- Principal photon Half-
nuclde energies life St units Non-Si units
5'Co 0.122 MeV 271 days 37 MBg 1 mCi
13iBa 0.081, 0.356 MeV 10 7 years 9.3 MBqg 250 uCi
Gy 0662 MeV 301 years 3.7 MBg 100 uCi
50Co 1173.1.332 MeVv 53 years 1.8 MBq 50 uCi

An uncalibrated, sealed, medium-energy gamma rad:ation source of
approximately 3.7 MBq (100 Ci) with a long half-life 1s also!-equired for daily
or operational tests, but one of the calibrated sources mey be used as an
alternative.

Unsealed radionuclide sources in solution are also requir:d—for example,
WmTe, H3mfp 13 —as well as sample vials, syringes, pipettes, holders for
sources, and remote handling devices for the sealed and uisealed sources.

4.3.2 Acceprance and reference testing

The instrument should first be physically inspected and : hen the series of
tests listed in Tabie 3 should be performed.

Table 3. Acceptance and reference tests for activity meters*®

Test 10 check

Precision and accuracy for standard measurement geomatry with a calibrated, sealed

gamma radiation sousce

{2) Linearity of the activity response, with 99mTc or 113min in soiutior .

(3} Leakage of radiation shielding

(4) Background recording under the most sensitive operating ¢ondhtions in current use-—i.e.,
in the lowest activity range for the radionuctide with the lowest speafic gamma radiation
constant.

(5) %Mo breakthrough option (if applicable) with #2Mag, %9mTe in scdution

{6) Evaluation (or confirmaton) of the calibration factors for nonstandard measurement

geometries, with appropriate radionuclides in solution.

(1

* With the exception of test 6 (an acceptance 1est only), all tests are both ac zeptance and reference
tests

' For a definition of this term, see Annex 1.
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4.3.3 Routine testing

Routine testing 1s divided into classes according to the desired frequency at
which the test should be undertaken (see Table 4).

Table 4. Routine tests for activity meters

Frequency of the Test
test

Daily (1} Reproducibility test with an uncalibrated, sealed. medium-energy
(operational) gamma radiation source with a long half-life.

(2) Background test under operating conditions for radianuclides in use.

L onger period:

{A) Weekly (1) Background test under the most sensitive operating conditions in
cuirent use—i.e., in the lowest activity range for the radionuclide
with the lowaest specific gamma radiation constant.

(8) Quarterly {2) Test of the hinearity of the activity response, with 99mT¢ or 113m|n in
solution.

(3) Test of accuracy and reproducibility for standard measurement
geometry. with calibrated, sealed gamma radiation sources.

4.4 Performance test requirements for manual and automatic counting
systems for gamma radiation measurements in vitro

Quality control checks of counting systems for gamma radiation measure-
ments must include tests for the following features: the performance of their
analyser. scaler, and;or ratemeter; the linearity of energy response, energy
resolution. sensitivity for radionuclides in current use; counting precision;
background; and the linearity of the count-rate. When appropriate, tests on
multichannel systems must be carried out on each individual electronic
channel. It should be noted that some of the tests enumerated in this section
will not be applicable to systems with elective. preset operating conditions.

4.4.1 Radiation source requirements

Seﬂaicd gamma radiation sources (rod-type or tube-type) calibrated to
i]Q » overall uncertainty are required, and could t: supplied by local,
national, or secondary standard laboratories Table 5 iists suitable sources.

Table 5. Examples of radiation sources that are suitable for use
in performance tests

. ) Activity
Radio- Principal photon Half-
nuclide energies life Sl units Non-S1 units
123) 0.029, 0 030 MeV 1.57 x 107 years 3.7 kBq 0.1 uCi
137Cs 0.662 MeV 30.1 years 3.7 kBq 0.1 uCi
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Unsealed radionuclide sources in solution are also required—for example,
125, 9mTe, Bmln 131] a5 well as sample vials. pipettes, elc.

4.4.2 Acceptance and reference testing

The instrument should first be physically inspected and then the series of
tests listed in Table 6 should be performed.

Table 6. Acceptance and reference tests for manual and
automatic counting systems for gamma radiation
measurements /n vitro*

Test to check:

{1) Performance of the scaler and:or ratemeter, with a 50-Hz or 60-Hz test facility.
(2) Energy calibration of the analyser, with a calibrated, sealed '27Cs radiation source.
{3) Linearity of the energy response and the zero-offset of the energy calibration of the
analyser with calibrated, sealed '2?] and *3’Cs radiation sources and at least one oher
radionuclide.
(4) Sensitivity with calibrated, sealed 2%l and or '37Cs radiation sources.
(8) Counting precision, using the chi-square test, with calibrated, sealed '2°tand or "¥’Cs
radiation sources.
(6) Leakage of radiation shielding, with radionuclides in common use.
(7) Integral background above a specified threshold—for example, 20 keV.
(B) Present analyser peak settings for the appropriate radionuclides, if applicable.
(9) Linearity of the count-rate. with #¥™T¢ or 113™In in solution.
{10) Dependence of the response on volume, the position of sample, the nature of contamner,
etc., with appropriate radionuclides in solution; evaluation of their significance.
(11) Energy resolution (FWHM —fl width at half maximum) with 3 calibrated, sealed '27Cs
radiation source.

* With the exception of 18st 10 (an acceptance test oniy). all tests are botb acceptance and reference
1es!s

4.4.3 Routine testing

Rouune testing is divided into classes according to the desired frequency at
which the test should be undertaken (see Table 7).

4.5 Performance test requirements for single- and multi-probe counting
systems for gamma radiation measurements in vivo

Quality vontrol of -ounting systems for gamma radiation measurements in
vito must include aspects similar to those already mentioned for guality
control of systems for measurements i ritro (see section 4.4). However, or in
rito measurements collimator characteristics are more relevant than the
dependence of the results on the volume and position of the sample, the nature
of container, etc. In addition, the performance of strip-chart recorders may
have to be included. Also, tests on multi-probe systems, when appropriate.
must be undertaken on each individual probe and its associated electronic
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Table 7. Routine tests for manual and automatic counting systems for gamma
radiation measurements /in vitro

Frequency Test
of test

Daily (1) Sensitivity test with calibrated, sealed '2%1 and’or '37Cs radiation
(operational) SOufCes.

(2) Test of the analyser energy peak setting for the radionuchde in use.
(3) Background test under operating conditions for the radionuclide in
use.

Longer period

(A) Weekly (1) Test of the performance of the scaler and. or ratemeter, with a 50-Hz
or 60-Hz test facility.

(2) Emergy calibration of the analyser with a calibrated, sealed '¥7Cs
radiation saurce {where applicable).
(3) Test of the integral threshold—for example, 20 keV.

{B) Monthly (4) Chi-square test of counting precision with calibrated, sealed 29|
and or '37Cs radiation sources.

{C) Hatf-yearly (5} Test of the lineanty of energy response and zero-offset of energy
calibration of the analyser, with calibrated, sealed %] and '?7Cs
radiation sources and at least one other radionuclide.

(6) Test of the energy resolution (FWHM—full width at half maximum)
with a calibrated, sealed '37Cs radiation source.

{7) Confirmation of the preset analyser energy peak settings for appro-
priate radionuclides.

(8) Test of the linearity of the count-rate with 99mTg or 113™inn solution

channel, and the possible requirement to equalize probe sensitivities must be
taken into account.

4.5.1 Radiation source requirements

A sealed, medium-energy gamma radiation source (disc-lype or
rectangular-type} calibrated to £10°, overall uncertainty is required, and
could be supplied by local, national, or secondary standard laboratories.
Table 8 lists suilable sources.

Unsealed radionuclide sources in solution—for example, °°"’_'Tc. M3m]p,
13]__as well as mountings for calibrated sources and for point sources.
sample vials, pipettes. etc.. are also required. (N.B.: A system without a scaler
should be coupled to an external scaler for certain of the tests.)

Table 8. Examples of radiation sources that are suitable for use
in performance tests

) Activity
Radlo-‘ Principal photon Half-
nuclide energies life 51 units Non-Si units
1310 0.662 MeV 30.1 years 370 kBq 10 uCi
13384 0.356, 0.081 MeV 10.8 years 370 kBg 10 uCi
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4.5.2 Acceptance and reference testing

The instrument should first be physically inspected and then the series of
tests listed in Table 9 should be performed.

Table 9. Acceptance and reference tests for single- and
muiti- probe counting systems for gamma radiaticn
measurements i1 vivo™

Test to check

(1) Performance of the scaler and. or ratemeter with a 50-Hz or 60-Hz test facility
(2) Energy calibration of the analyser with a calibrated, sealed *37Cs or '7*Ba radiation
source
Lineanty of the energy response and zero-offset of energy calibtation by the analyser,
with a calibrated, sealed '3’Cs or '33Ba radiation source.
(4) Energy resolution (FWHM —full width at half maximum} with a catitrated, sealed '37Cs
or '3 Ba radiation source.
(5) Sensitivity with a calibrated. sealed '37Cs or '**Ba radiat on source.
(6) Counting precision, using the chi-square test, with a calib-ated, sealed '37Cs or '¥*Ba
radiation source,
(7) Leakage of radiation shielding, with radionuclides sn common use.
(B) Integrat background above a specified threshold—for example £0 keV.
(93) Confirmation of the present analyser energy peak settings for appropriate radionuclides,
if applicable.
(10} Linearity of the count-rate with 99mT¢ or 113min in soluticn.
(11) Evaluation of the field of view of the collimator at different distances, with the
appropriate radionuchdes as point sources
{12) Strip-chart recorder speed.
{13) Strip-chart recorder response time.
(14} Lineasity with respect to the ratemeter output.

(3

* With the exception of test 11 (an acceptance test anly). all tasts are both zccaptance and reference
tests

4.5.3 Routine testing

Routine testing is divided into classes according te the frequency at which
the test should be undertaken (see Table 10).

4.6 Performance test requirements for rectilinear seanners

Quality control schedules for rectilinear scanners must include aspects
similar to those mentioned for counting syslems in gamma radiation
measurerments in vivo. In addition, they must include meckanical parameters,
such as scanning speed and line spacing, and display functions, such as
background subtraction, contrast enhancement, colour recording and photo-
recording. Attention must also be given, when appropriaie, to the charac-
teristics of each available collimator. When appropriate, tests on dual-probe
scanners must be carried out on each individual probe and its associated
electronic channel, as well as on the summed outputs from both channels.
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Table 10. Routine tests for single- and muilti-probe counting systems for gamma
radiation measurements /1 vivo

Frequency Test
of test
Daily (1} Test of the mechanical safety of probe and collimator mountings.

{operational } (2} Test of the analyser energy peak setting for radionuclides in use.

{3) Equalization of probe relative sensitivities, if applicabie.
{4) Background test under operating conditions for the radionuclide in
use,
(6) Test of the strip-chart recorder pen function
L onger period.
(A) Weekly (1) Sensitivity test with calibrated, sealed '*'Cs or '3%Ba radiation
SQUrCe.
(2} Performance test of the scaler and or ratemeter with 50-Hz or 60-Hz
test facility.
13) Energy calibration of the analyser with calibrated, sealed '37Cs or

133Ba radiation source,
(4) Test of the integral background above a specified threshold—for
example, 50 keV.
{B1 Month!y (5) Chi-square test of counting precision with calibrated, sealed *77Cs or
13383 radiation source.
Test of the linearity of energy response and zero-offset of energy
calibration of the analyser with calibrated. sealed '??Cs or '3*Ba
radiation source, and at least two other radionuclides.
Test of the energy resolution (FWHM-—full width at half maximum)
with calibrated, sealed '37Cs or '33Ba radiation source
(8) Test of the strip-chart recorder linearity.
(3) Test of the strip-chart recorder response time.
(D} Half-yearly (10) Confirmation of present analyser energy peak settsngs for appropriate
radionuclides, if applicable.
{11} Test of the linearity of count-rate with 29™T¢ or V' *™in in solution,
{(12) Test of the strip-chart recorder chart speed

(C) Quarterly (6

(7

(N.B.: Some of the tests mentioned in this section may not be applicable to
systemns with elective, preset operating conditions.)

4.6.1 Radiation source requirements

A sealed. disc- or rectangular-type medium-energy gamma radiation source
{for example, **’Cs, calibrated to T 10 % overall unr ertainty). with an activity
of about 370 kBq (10 xCi), is required. This coi.d be supplied by local.
national, or secondary standard laboratories.

Unsealed radionuclide sources in sofution are also required—for example.
99mTe, 3m]p 139135 well as a mounting for the calibrated source,

In addition, an emission-type, step-wedge phantom and an emission-type,
total-performance phantom?® are required. However, a step-wedge phantom of
the transmission type could be used as an alternative to the emission-type,
step-wedge phantom, but the results are less informative. A rectilinear scanner

' For a definition of this term, see Annex |.
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with scaler should be coupled to an external scaler for some of the following
tests.

4.6.2 Acceptance and reference testing

The instrument should first be physically inspected and then the serees of
tests listed in Table 11 should be performed.

Table 11. Acceptance and reference tests for rectilinear scanners*

Test 10 check:

Performance of the scaler and or ratemeter with a 50-Hz or 60-Hz test facility

2) Energy :alibrations of the analyser with catibrated, sealed '37Cs radiation source and

with coflimator remaved.

(3) Linearity of energy response and zero-offset of energy calibration of the anzlyser with

calibrated, sealed '¥7Cs radiaticn source and at least two other radionuclides. Test

must be undenaken with colimator removed

Energy resolution (FWHM-—full width at half maximum) with calibrated, sealed '37Cs

radiation source and with collimator removed.

{5) Sensitivity with calibrated, sealed '27Cs radiation source and with collimator rermoved

(6) Counting precision, using chi-square test, with calibrated, sealed '37Cs raciation

source and with colfimator removed.

(7) Integral background above 2 specified threshoid - for example, 50 keV.

(B) Leakage of radiation shielding, with radionuclides in common use.

(9) Confirmation of preset analyser energy peak settings for the appropriate radionu zlides.
(10) Count-rate losses with 99"Tc or V13min in solution. and with coffimator remowed.
{11} Evaluation of relative sensitivity of collimator in air, with appropriate radic nuc ide 1n
solution as a line source or flood source. whichever is available
Background subtraction facility using a chosen radionuclide in solution with & step-
wedge phantom.

(13) Cantrast enhancement facility using a chosen radionuctide in solution w th & step-
wedge phantom. (N.B : Contrast enhancement should be used with caution anc is not
recommended unless the raw data can be retained for display.)

(t4) Performance of scanner drive mechanism

(15) Total performance for all collimators with appropriate radsionuclides in solution, ir a
total-performance phantom.

-

{4

(12

* A photodensitometer is highly desirable for use with tests 12 and 13 when “ilm density
measurements are required

4.6.3 Routine testing

Routine testing is divided into classes according to the frequency at which
the test should be undertaken (see Table 12).

4.7 Performance test requirements for gamma cameras

Quality control to ensure optimum performance will determine the ra e and
extent of instrument deterioration with time, and is especially important for
gamma cameras because of the electronic complexity of this instrument,
which is now the basic tool of choice in radionuclide imagimg. In particular,
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Tabie 12. Routine tests for rectilinear scanners

Frequency Test
of test
Daily (1} Test of the mechanical safety of the probe and collimator mountings

{operational) (2} Test of the analyser energy peak setting for radionuclide in_ use.
(3) Test of the tapper function with a 50-Hz or B60-Hz test facility.
{4) Background test under operating conditions for the radionuclide in
use.
Longer pertod ‘
{A) Weekly (1) Test of the performance of the scaler and or ratemeter witha 50-Hz or
60-Hz test facility.
{2) Energy calibration of the analyser with a calibrated, sealed '37Cs
radiation source and with coflimator removed.
(3} Test of the sensitivity with calibrated, sealed '?7Cs radiation source
and with collimator removed
(4) Test of the integral background above a specified threshold--for
example, 50 keV.
{5) Test of the system’s linearity with a step-wedge phantom.
{8) Total-performance test with chosen radicnuclide in solution with a
total-performance phantom.

(B) Monthly (7) Chi-square test of counting precision with calibrated, sealed ''Cs
radiation source and with colfirmator removed.
{C) Quarterly (8) Test of the linearity of energy response and zero-offset of energy

calibration of the analyser, with calibrated, sealed '*?Cs radiation
source and at least two other radionuchdes. Test must be undertaken
with collimator removed,

(9) Test of the energy resolution (FWHM —full width at half maximum)
with calibrated, sealed '37Cs radiation source and with callimator
removed.

(D) Hatt-yearly (10) Confirmation of preset analyser energy peak settings for the appro-
priate radionuclides

{11} Test of the background subtraction facility using a chosen radio-
nuclide in solution with a step-wedge phantom.

{12) Test of the contrast enhancement facility using a chosen radio-
nuclide in solution with a step-wedge phantom. {(N.B : Contrast
enhancement should be used with caution and is not recommended
unless the raw data can be retained for display.)

(13} Test of the performance of the scanner drive mechanism

quality control tests must consider the correct setting of the analyser
energy peak and window controls, energy tesolution, intrinsic spatial
resolution, uniformity, sensitivity, spatial lineanty and distortion, count-rate
performance, and display parameters. (N.B. The test procedures must be used
without any electronic or mechanical modification.} The control settings
should be those normally used in clinical practice and must not be specially
readjusted for the measurement of specific parameters. If not otherwise stated,
measurements should be performed for count-rates not exceeding 10* counts
per second for gamma cameras butlt during or after 1975, and 5 x 10? counts
per second for gamma cameras built prior to 1975. All measurements should
be performed with a+10 %, window centred on the energy peak, and it should
be noted that some acceptance tests require a multichannel analyser. Needless
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removal of collimators should be avoided and greart care should be taken to
avoid damage to the crystal during tests undertaken with :he collimator
removed. Except during such tests, the detector head should always carry a
collimator to provide mechanical and thermal protecticn to “he crystal.

4.7.1 Radiation source requirements

Unsealed rad »nuclides in solution are required—tor example, " Tc, '¥'],
®’Ga and ""In In addition, 4 mounting is required fo- a point source.

4.7.2 Phantom requirements
The phantom requirements for performance tests on gamira cameras are

given in Table 13.

Table 13. Phantom requirements

Phantom Comments

(1) Flood-field phantom according  See section 7.1(1) fcr IEC (22} phantom. A
to IEC {27) 57Co disc fleod-tield phantom (s2e section
7.1(2)) may be used in addition -or uniformity
measurements, but anly afr ens uring that no
significant °Co contaminazion is present,
(2) Orthogonal hole transrmission The Ortho Test (Smith orthogonzl hole—SOH)
pattern phantom phantom (see section 7.2{")) is secommended
as the most appropriate phantom but other
phantoms, such as the GH™P 'BRH) phantom
(see section 7.2(2}). may te used as an
alternative.
{3) IEC (27} count-rate perform- See section 7.3.
ance phantom
{4) NEMA (32) resolution and
linearity phantom.
(5) Step-wedge phantom See section 7.5 This is an optoral phantom.
{6) Total-performance phantoms See section 7 6. These are aptonal phantoms.

See section 7.4.

4.7.3 Acceprance and reference testing

The acceptance tests recommended 10 this section follow in part the
recommendations of the American Association of Physicists in Medicine
(AAPM), the International Electrotechnical Commission (IEC), and the
National Electrical Manufacturers” Association (NEMA), for some of the
performance parameters. However, it should be emphasized that in a nuclear
medicine facility in which the recommendations given in this guide cannot be
fulfilled, the scheme of acceptance testing recommended by AAPM (1) should
be considered. This statement is not intended to allow nuclear medicine
facilities to escape any of their obligations with regard 1> quality assurance
and quality control, but only to recognize the reality of some unusual
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situations in which facilities are rather basic with regard 1o ancillary
equipment and manpower and their access to technical expertise is limited.

The purchase contract for a gamma camera should include a clause stating
that the instrument must meet specified perform.nce criteria, and that the
manufacturer will conduct measurements of the performance parameters to
the satisfaction of the user. Acceptance testing is undertaken to ensure that the
instrument does in fact meet the manufacturer’s specifications and therefore
must be completed as soon as the instrument s instatled and operational, and
before patient studies are initiated. As stated earlier n this guide, all results
should be carefully recorded and stored in such a way that the portion
concerming acceptance and reference data should be readily available for
routine guality control.

Table 14 lists the necessary acceptance and reference tests for gamma
cameras that should be performed after a physical inspection of the
instrument. Advice on how such an inspection should be conducted is given by
AAPM (1)

Table 14, Acceptance and reference tests for gamma cameras

Tesi to check:

(1) The analyser energy peak and window settings for radionuclides in common
use, in either point-source configuration (with coffimator removed) or flood-soutce
configuration

(2) Measurement of intrinsic energy resolution with 99MT¢ according to NEMA (32)

(3) Measurement of intrinsic spatial resolution with 39mTc according to NEMA (32)

(4) The urmiformity of response for radionuclides in common use, In flood-source
configuration with a parallel hole collimator appropriate to the radionuchde used. The
output should be visually inspected and the reference images stored. If possible,
numerical evaluation by computer should be undertaken, according to IEC recom-
mendations. In case of vital inspection only, the count density should exceed 5000
counts cm?, otherwise the IEC specifications should be followed

(5) Measurement of sensitivity according to 1EC (22},

(6) Measurement of sntrinsic spatial lineanty and distortion with $27T¢ according to NEMA

(32)

Measurement of count-rate characteristics according to 1EC {22) with a chosen

radionuclide.

(8) The muttiple window spatial registration, \f applicable.

9) Confirmation of present analyser energy peak and window settings for appropnate

radianuchdes in point-source canfiguration {with coifimator removed) or in flood-

source configuration.

Optional test: The contrast with a chosen radionuclide in flood-source configuration

using a step-wedge phantom.

Optional test: Total performance, using a chosen radionuclide in solution with a 1otal-

performance phantem

{7

(10

11

4.7.4 Routine testing

Routine testing is divided into classes according to the frequency at which
the test should be undertaken (see Table 15).
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Table 15. Routine tests for gamma cameras

Frequency of test Test

Daily (1) Test of the safety of the detector head and collimator mountings
(operational)  (2) Testof the analyser peak and window settings for the radicnuclide in
use, in point-source configuration or flood-source configuration
{3) Test of the function of oscilloscopes and hard-copy devices.
(4) Test of the uniformity, linearity, sensitivity, and resolution of ~he
response for 99™Tc with an orthogonal hole transmission patiern
(OHTP) phantom and a point source at a large distance {(with
collimator removed). The Ortho Test (SOH) phantom (see section
7 2{1)) isrecommended as the most appropriate phantom, but oter
phantoms such as the OHTP {BRH) phantom (see section 7 2(2})
may be used as an alternative. If this test, which may constitute a
further reference test when first performed, shows good stability of
the instrument, its frequency may be reduced to weekly. The system
uniformity may then be checked daily and operationally with 39™Tgin
solution in a flood-field phantom or, less recommendably, with a
57Co flood source, with an appropriate coliimator. The interposit on
of scattering material 20 cm thick between the flood-source and the
collimator is recommended. [1 33™Tc is not available, a correspand ng
1est must be carried out with a radionuctide in common use. The hole
diameter and spacing of the orthogonai hole transmission pattarn
phantom should be approximately equal to the intrinsic resolution of
the gamma camera.
{5) Background test under operating conditions for the radionuctides in
use
(6) Test of the film developer temperature, if applicable.
Longer period.
(A) Weekly {1) Optional test: Test of contrast with chosen radionuclide in tood-
source configuration and step-wedge phantom
(2) Optignal test: Total-performance test with chosen radionuchide in
solution in total -performance phantom.
(B) Half-yearly (3) Measurement of count-rate charactenstics according to 1EC (22).
(4) Test of the multiple window spatial registration according to the
AAPM (T)
(5) Test of the uniformity for a chosen radionuclide, with the radio-
nuclide in selution in a scattering phantom, with appropriate
celimater. according 10 1EC protocol (22)

4.7.5 Tests for whole body attachment

- Ifthe gamma camera has a whole body attachment then the additional tests
histed in Table 16 should be undertaken.

Table 16.  Acceptance, reference and routine tests far gamma camera
whale body attachment

Test

(1) Test that the collimator axis is perpendicular to the scanning plane. (This should be
performed daily )

(2) Perform a totai scan with a flood source fixed to the collimator outer face. Verify that the

image is uniform and undistorted. and if there is more than a single page, verify that there

s nomage overlapping. (This should be performed weekly )
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4.8 Preliminary proposals for the test requirements for single photo emission
computed tomographic systems using rotating cameras

Special consideration should be given to the camera detector head and
should include the following aspects:

(1) spatial linearity and uniformity;
(2) interaction between external magnetic fields and photomultiplier gain,
depending on the angulation of the detector head,; and

() mainten: nce of optical coupling between photomultiplier and crystal
throughout all movements.

Requirements for mechanical drive mechanisms should include:

{1} control. such that the collimator axis lies in the plane defined by the
rotation of the geometric centre of the detector, and that it crosses through the
rotational axis;

(2) control constancy of the radius measured from the rotational axis to the
detector's geometric centre during movement; this is important with single
plane converging collimators;

(3) for continuous movement: control of rotation speed constancy; and

{4) for stepwise movement: control of constancy of angular increment
displacement and measurement time at each step.

Some phantoms will be required for certain tests. These will include:

(1) a phantom for testing uniformity—for example, a cylindrical uniformly
distributed source;

(2) a phantom for testing longitudinal resolution—for example, a point
source immersed in a scattering medium; and

{3} a phantom for the total-performance test: this phantom (see section 7.7)
should cansist of a cylinder with an outer sheli containing a uniformly
distributed source of low-activity concentration; the phantom should also
contain “hot” and “cold” rods placed asymmetrically within the inner

cylindrical source, with their long axes parallel to the long axis of the
phantom.

For the testing of the camera—computer interface the following procedures
are required:

(1) test that a point source on the rotational axis is always positioned in the
centre of a specified frame pixel;

(2} ensure that the size of the object is consistent with the reconstruction
area; and

(3) ensure that no pixel count overflow occurs during data acquisition.
Image quality tests should be performed to test the following:

(1) spatial resolution—i.e., edge response () for different radii within the
reconstruction plane, and (b) along the rotational axis;
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{2} uniformity,

(3) spatial linearity of the total system:

(4) signal-to-noise ratio for different information dersizies and reconstruc-
tion procedures; and

(5) extent of image artefacts.

4.9 Preliminary proposals for performance test requirements for data-
processing systems

4.9.1 Acceprance lesiing

It is recommended that all the manufacturer’s specificetions should be
checked, since many defects may exist.

Tests should include an evaluation of the following:

(1) dead time;

(2y count-rate performance, with special reference to high count-rate
images for musplaced data;

{3) differential and integral linearity;

(4) energy window, if applicable;

(5) list mode acquisition and particularly the accuracy of information
timing;

(6) frame mode acquisition;

{(7) time per frame;

(8) time between frames for all proposed frame sizes: and

{9) physiological triggers and gated acquisition.

Software tests should include evaluations of the fcllowing:

(1) contents and areas for regions of interest. particularly for irregular
regions:

(2) time-activity curves, especially at high count rates ind when images
with different framing intervals are used:

(3} acquisition: this should be tested for data loss when some other process
is involved-—e.g.. writing to magnetic tape:

{4) stability of system when lights, motors, ete., are switched on and ofT in
adjacent rooms;

t5) stability in the event of mechamcal shock:

{6) blockages on disc packs;

(7) results of adding, subtracting, multiplying, and dividing known time-
activity curves; and

{8) small programme routines to check the existence cf utilities such as
editors, compilers, subroutines and means 10 INCOrPocale a User programme.

System testing is also important, and while the nstallation engineer is
present a simulated, gated, dynamic study should be perfcrmed. If relevant,
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deconvolution, blood background subtraction, etc., should be tested after the
performance of a renogram.

The validation of protocols and new software products must also be
considered. This can be achieved in two ways:

(1) The establishment of a tape library of validated clinical cases, so that
the results of new protocols can be compared with ;robable values in the
library.

(2) The establishment of a library of simulated cases [or which, in principle,
“true” values would exist. In the case of an ejection fraction, great care must
be taken with background simulation, since the value of the ejection fraction is
very dependent on this parameter.

A complete set of manuals should be provided, and should include: an
installation guide; a well-illustrated hardware guide with a section on each
hardware device; a user manual containing all routine programmes and
protocols; a design manual with details of all algorithms used; a maintenance
manual with details of all test procedures and programmes; and, most
important, a list of all the available manuals and their date of publication
or revision.

4.9.2 Routine testing

In this section it is assumed that a properly working system has been
installed and accepted, and therefore the routine tests applied are designed to

Table 17. Routine tests for data-processing systems

Frequency of Test
1est

{A) Weekly The standard routine test proposed is one of uniformity. A uniformity
image should be abtained, as in the routine testing of gamma cameras
(see section 4.7.4). The following observations should be made:

(1) Yotal countin standard time. Is this correctly related to that for the
gamma camera alone?

{2) Dimensions of image. Have they changed?

(3) Position of image. Has it changed?

(4) Integral uniformity of image—i.e., the number of pixels > 5%.

> 109, > 159, etc., from the mean. Has it changed?

(5) Differential uniformity of the image.

(8) Differential linearity of the image, in both axes—including zoom
capability, if applicable,

(7} Presence of events outside the field of view of the camera.

{8} Presence of "hot” spots.

A further routine test for systems with magnetic tape, floppy disc, or
similar recording facility, is to read an old test pattern, to write it, and 10
read it back again observing any losses.

{B) Quartedy Thaese tests should include:

{1) Test of count-rate performance according to IEC (22).

(2} Test of display contrast.

{3) Test of spatial resclution.

(4) For systems with energy encoding, tests of linearity, window
width, and spatial alignment of images from differant windows.
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establish whether a change has occurred in the system. The components which
may change (apart from any due to a catastrophic breakdown), and for which
quality control tests are appropriate, are primarily those of the interface. tte
display, and the magnetic storage devices. Also, it is emphasized that the
recommendations of the manufacturer should be followed, otherwise guaran-
lee and warranty agreements might be invalidated.

Routine tests, divided into classes according to the frequency at which tte
test should be undertaken, are given in Table 17.

The importance of regular maintenance—as recommended by thke
manufacturer—including visual checks on all moving parts, such as disc packs
or a printer, is tressed. Most manufacturers of systems that include discs
provide a progra.nme for the detection of bad blocks. and this should be run at
regular intervals—for example, weekly. Cleanliness is important, and disc
packs. magnetic tape heads and disc air filters should be cleaned at reguler
intervals. The last-named are especially important, since dust can rapidly

destroy ghe discs. Also, cigarette smoke is reported Lo be even more dangerous
to the discs than dust.

Further reading

The following references, which have not been explicitly quoted in Chapter
4. arc recommended for further reading: 5, 75. 2/, 23. 24, 34, 38. and 39.

5. Quality control of
radiopharmaceuticals

HE purpose of quality assurance in radiopharmacy is to ensure that only

safe and effective radiopharmaceuticals of uniform quality are ad-
mmistered in the prescribed dose. Quality is not a uniquely defined term, and a
product of a given quality may be acceptable under one set of circumstances
but unacceptable under another. The safety and efficacy of radiopharma-
ceuticals must never be regarded as a static field of interest. Thus, to continue
to obtain the best available nuclear medicine diagnostic information requires
continutng devzlopment of radiopharmaceuticals. taking into account new
technelogy. It should also be noted that it is an integral part of quality
assurance 10 replace, wherever possible, established radiopharmaceuticals by
newer ones that give better information or cause a lower radiation dose to the
patient. Since quality is never established by analytical quality control for
radiopharmaceuticals in routine use, il is very important 10 incorporate
quality procedures into the total process of production and handling. As for
other pharmaceuticals. the level of quahty is primarily established by two
procedures:

(1) setting standards for the product; and
(2) the manufacturing and handling process.

The methods used to establish the level of quality will, of course, vary from
country to country, and will depend on local conditions - for example,
regulations. manpower resources, and the stage of development of nuclear
medicine facilities. However, 1t would be a great advantage if mternationally
accepled standards and methodology could be agreed upon and implemented.

5.1 Classes of radiopharmaceutical

Quality control programmes in radiopharmacy depend on the types of
radiopharmaceutical used. These have been grouped into four separate classes
of product in the following sections (5.1.1-5.1.4).
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5.1.1 " Ready-for-use”

This class of radiopharmaceuticals refers to products which are delivered to
the nuclear medicine facility by the producer and are ready for immediate
administration to the patient. They may be radionuclides in simple ionic form,
such as T, or a labelled compound, such as ['*'I] Fippurate.

5.1.2 Radionuclide generators and kits

Radionuclide generators (e.g.. Mo -*™T¢) and kits (e.g., Sn-phosphate
compounds) are delivered to the nuclear medicine faciity by a commercial
producer. The final product for administration to the datient is only partly
manufactured by the commercial organization and requires subsequent
handling by the user.

5.1.3 “Home-made™

The classification “home-made” radiopharmaceutical is reserved for
products derived from raw materials, either radioactive or nonradioactive,
within the hospital or institute. These include cyclowon-procuced radio-
nuclides, such as positron emitters, and laboratory-prepared pharma-
ceuticals, such as cofloids.

5.1.4 Autologous labelled

Autologous radiopharmaceuticals are produced by the radioactive label-
ling of materials from the patient—for example, cells or metabolic
compounds.

5.2 Organization of quality control

The quality of a product is the sum of the characte-istics that determine
the extent to which it will satisfy the expectation or nzeds of the user. It s

therefore necessary to determine which character:stics are of interest to the

user and the patient.

Quality control is a continuous process that commerwes with the design of
the product and the specification of the raw materials from which it is derived,
and extends to a determination of the degree to which tte user’s requirements
and the patient’s interests are satistied. Specifications (1e.. standards) for all
radiopharmaceuticals must be established from cevelopment work—
includirg clinical trials—in order to maintain a uniform quality in radiophar-
macy. kFor nonradioactive pharmaceuticals, standards may be published in
pharmacopoeias, and a number of these reference works also describe “ready-
for-use” radiopharmaceuticals and some **7Tc-labelled compounds. A
method for setting standards other than by publication :n a pharmacopoeia is
to require the produeer to submit product documentat on to an appropriate
national authority. Approval can be granted in the forma of a product licence,
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1 w hich the required product quality is stated. For radiopharmaceuticals not
standardized in either of these ways (i.e., pharmacopoeia or product licence),
the physician in charge will have to establish his own specifications in
accordance with general pharmaceutical rules, and also perhaps n cooper-
atton with local or national authorities. It is then “xpected that manufacturers
wiil produce radiopharmaceuticals in accordance with a system referred to as
GMP (good manufacturing practice). to ensure that every individual product
batch conforms 1o set standards. In many countries, a legal system has been
established that requires commercial manufacturers 1o obtain a licence to
produce radiopharmaceuticals. and this allows the authonties to conduct
factory inspections and undertake independent quality control analyses.

Because of the special properties of radiopharmaceuticals and ther
handling procedures. the useris in a very different situation from thatin which
he is placed when dealing with nonradioactive pharmaceuticals. Radioactive
decay makes the patient dosage specification more complicated and the final
preparation by the user of material from radionuchde generators and kits (see
section 5.1.2) divides the responsibility between the commercial manufacturer
and the user. {t is therefore useful to apply a modified GMP system that
describes guidelines for good practice in the final preparation and dispensing
of radiopharmaceuticals. This is termed GRP {(good radiopharmaceutical
practice) and its elements are:

- personnel,
—  premises.,
equipment,
— documentation,
-- analytical quality control, and
- radiation safety.

The amount of handling that has to be undertaken at an individual hospital
depends on the classes of radiopharmaceutical used, but the major part of any
hospital's quality control programme must deal with that part of the
preparation that is actually undertaken on the premises. Much will depend. of
course. on the quality of the radiopharmaceuticals received from outside the
hospital, but (as previously mentioned) the standards laid down by pharma-
copoeias and in product licences will largely fulfil the guality requirements.
Therefore. in general, “ready-for-use” radiopharmaceuticals, generators, and
kits are expected to be of the requisite quality for their intended use—if stored.
prepared, and dispensed in accordance with the manufacturer’s recommen-
dations. Examples of quality control programmes that might be considered

useful for the different classes of radiopharmaceuticals are given 1n sections
52.1-524

5.2.1 » Reudy-for-use”

When a radiopharmaceutical has been selected for a given procedure the
quality CODll’Ol_pTOgrammc must ensure that the same product is ordered and
received each time, and a written instruction sheet specifying all the relevant
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details should be available. A careful comparison of the details on the writoen
specification sheet, the label, and the package documentation of the aroduct
received is essential. It should also be verified that there have been no changes
in the manufacturer’s specitications since the control procedure was set up.
This kind of simple receiving control mechanism should also include a vismal
inspection using proper radiation protection measures. The produst most
then be properly stored from both pharmaceutical and radiation protectisn
standpoints. When the prescribed dose is dispensed. a control of th: actmal
activity of the dose' should be made using either an activity meter (see sectmon
4.3) or another suitably calibrated instrument. No other analytical quality
control should be required.

5.2.2 Radionuclide generators and kits

In the case of this material, the bulk of radiopharmaceutical preparatior is
undertaken at the hospital and this places part of the responsibility on the
user, and therefore analytical quality control testing must be undertaken by
the user. Such testing may be carried out either as a routine check on the
preparation before it is released for use, or as a continuous control of all the
methods that constitute the radiopharmacy production and issue system.
The parameters that are controlled will be limited to those affectec by the
handling and storage conditions at the hospital and by transport of the
material --asin the case of generators. The following example refers to M. -
#mTc but the same principles will equally apply to other systems, such as
Il,lsn _ ll.\rn]n‘

For ®™Tc-pertechnetate the elution yield from the generator should be
calculated asan indicator of whether the generator is working properly. %Mo
is a possible impurity. and when it occurs will be primarily due to incorrect
mounting of the generator by either manufacturer or user, or possibly af er
transport dumage. “’Mo-breakthrough is casily controlled by measuring the
*mTe-pertechnetate sample with and without lead shielding. Testinz of the
first eluate i1s the most relevant. Aseptic technique control may also be
undertaken by testing the last eluate for microbial contamination, but suca a
test can only reveal a grossly faulty system and therefore tt can only be used in
methods control and not as z test prior to the issue of individual patient doszs.

For *™T¢ radiopharmaceuticals prepared with kits, the system of GCRP Las
been designed with the purpose of ensuring that the radiopharmaceutical will
fulfif specifications if prepared according to instructions. It is also no-ed tkat
problems associated with the biological distribution of such pharmaceuticals
were probably more frequent before the introduction of “one-step” kits.
Compaubility between generators and kits may have to be considered when a
procedure is specified. and a radiochemical purity test may also have to 9e
incorporated into the procedure to control quality. A number of mamu-
facturers of kits recommend that the *™T¢ solution required for tae

' “Dose™ is used in the context of *'pharmaceutical dose™ and does not refer to “dose in rads or
cGy". The spucification of the radioactive content is given in terms of “activity in MBg or pCi™
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prepara 1on of the radiopharmaceuticals should contain no oxidizing sub-
stances. but they do not recommend a suitable test, However, the most
commonly used ‘method is to test the compatibility of the reagents using a
radiochemical purpty test on the *™Te-labelled product. The necessity for
radiochemical purity testing of kit-prepared compounds depends very muc_h
on the t.pe of radiopharmaceutical and the method qua‘nufacture. There is
no consensus among radiopharmacists. Some consider it necessary to use
purity kesting as o criterion prior o issue of the matenal for patient
adminisration, whereas others maintain that purity testing ne_ed only be used
for cach new hatch preparation made with the kit. Also. certain centres which
have un Jerta’ on purity testing over a long period of time will now only apply
purity sty when elements of the manufacturing process are changed- for
example. when o new type or size of generator 1s used. or when a new
techmicain s emploved on the stafl. Radiochemical purity testing may be of
additior sl use when there are doubts concerning an image and the possibility
arises that the observed image abnormalities might be attributable to a defect
i the ridiopharmaceutical. [t is also useful if the stability of the *™T¢.
tabelled compound is to be studied. Finally, it should be noted that a simple
and rchable chrometographic test will take only a few minutes to carry out,
but 4 co nplete evaluation of the quality of a radiopharmaceutical needs more
elaborute and tme-consuming tests.

S23 Home-muade”

With hone-made™ radiopharmaceutjcals the hospital must guarantee ail
aspects o product guality, including:

radu nuchde purnity,
spoecthic activity,
rudicactive concentration,
rH.

IMTOTICY,

particle size of relevant),
slerl 1y, und

APV TOZemICIY

Since ity not possible 1o enter into full details of all the above aspects in ths
guide. rderence o made to relevant publications (see page 43).

When considening whether a given radiopharmaceutical or a preparation
kit should be prepared in the hospital or be supplied from an outside source, it
1s most important that all aspects of quality, safety. and economy should be
considered. The “home-made™ product may require more qualified stafT,
morc elaborate factliues. and more quality control work. However. raw
materials are much cheaper than preparation kits and the delivery of
preparations may not be aflected by transport problems. In a consideration of

all these actors, the overniding priority will be to make the maximum use of
existing resources.
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5.2.4 Awologous labelled

This class of radiopharmaceuticals presents the same problems as the
“home-made” class, but there may also be ratfer simple procedures to be
carried out, as with the kit preparations, In additien, although the preparation
of the materials from the patient presents specia problems, other important
factors—such as control of the separation and viabiity of cells and of the
aseptic techniques, and the minimization of the risk of infection to
personnel —-must be considered.

5.3 Quality conirol in hospitals

5.3.1 Premises

Most handling of radiopharmaceuticals requres the use of aseptic tech-
niques. For a sterile product, environmental fac:ars such as air quality must
be controlled. Special requirements for radiation pro-ection and for hygiene
may be required. Such considerations require the installation of special
ventilation systems, including fume hoods and laminar-air-flow cabinets, and
these must be regularly controlled with rega-d to air-flow velocity and
directions and the effectiveness of the filter. All 2rem:ses should be regularly
monitored for contamination in accordance with national and international
regulations, and instruments such as autoclaves and dry-heat sterilizers must
be checked with spore samples for sterilizing etTectiveness.

5.3.2 Equipment

To perform ciuality control in a hospital environment, vanous instruments
are required, according to the class of radiopharmaceutical used. For “ready-
for-use” radiopharmaceuticals (see section 5.1. 1} an activity meter is required
(see section 4.3). For radionuclide generators and kits, the following items are
required:

— activity meter,
—— equipment for radiochromatography. including measuring instruments,
such as a well counter, gamma camera, or chromatograph scanner,
— microscope for control of particles, and
. equipment for sterility testing.

For “home-made” radiopharmaceuticals a fully equipped analytical
chemistry laboratory is required. For autologous labelled biological material
additional equipment may be required for staining ce’ls and for the separation
of proteins; a special microscope may also be needed.

5.3.3 Documentation

Written instructions for the preparation and dispensing of radiopharma-
ceuticals should always be available and should be routinely reviewed and

QUALITY CONTROL OF RADIOPHARMACEUTICALS 41

kept up to date. Vials and syringes containing radiopharmaceuticals which are
issued from the “hot” laboratory must be labelled with the following
information:

radionuchde,

compound.

radioactivity at the ume and date of «alibration, and
volume.

The ssue of radioactive material from the “hot™ laboratory must be
recorded. and the administration of radioactivity to a patient must also be
registered. including identification of the patient.

5.3.4 Responsihidities of the hospital and the manufacturer

The commercial producer of “'ready-for-use” radiopharmaceuticals and of
sermmanufactured radiopharmaceuticals is entirely responsible for the data
guvenan the specification, which should have been accepted by the appropriate
nationa] authority. For generators and kits, the hospital (as user) shares in the
responsibility for the final preparation performed in the hospital laboratory.
Forthe radioactive material used for labelling "home-made™ pharmaceuticals
or for lubelling autologous matenals, the commercial supplier remains
responsible for the specification of all delivered radioactive material. If
lubelhing procedures are specified by the commercial producer, he remains
responsible for the final quality of the product, provided that these instructions
have heen carrecily folfowed.

Radiopharmaceutical scientists should be involved in all stages of the
procedure to ensure the quality of the final product. If only “‘ready-for-use™
radiopharmaceuticals, generators, and kits are employed, then quality
assurance within the hospital can be delegated to a trained technician.

5.4 Training

Traiming requirements have already been discussed in section 3.7, and three
squards of training—A, B, and C—were cefined: basic training (A):
advanced traiming (B, and continuing education {C). These three training
:.mdards will now be defined for radiopharmaceutical scientists in particular.

TR cmphasnzcd t_hat suc_:h educational measures are also necessary for the
technician mv_olved in radiopharmaceutical preparation, as well as for the
nuclear medicine physician.

..?lrun‘c{urd A 15 a basic lraining of short duration and is suitable for
[{'.L nicians. 1t should be implemented through additional continuous
traiming ;v:t]:nn the department, and in the laboratory. under the super-
vision of the competent person in charge of th i i

k e hospit
of radiopharmaceuticals. # spual preparatior
d.S{f:ngJurd 8 is advanced training in seminar format and is suitable for the
education of physicians. The main content of this training is information or
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preparation procedures and on instructions for reporting adverse radio-
pharmaceutical reactions.

Standard C is continuing education and training and is recommended for
radiopharmaceutical scientists. The duration of these coutses differs at
present in various countries, but it is recommended that in future they should
be more standardized in content, duration, and format. Since the development
and improvement of the preparation procedures and of the quality control
measures is \n ongoing process, these postgraduate courses should be
repeated at regular intervals. They should concentrate on problems such as
the handling of radiopharmaceuticals, radiation hygiene, new prescriptions,
and regulations.

Finaliy, it is emphasized that training within the department—i.e.. in-house
training—is very important for all personnel concerned with radio-
pharmaceuticals, including technicians and physicians. It is also noted that
since, in some countries, a radiochemist is in charge of the laboratory
responsible for the preparation of radiopharmaceuticals, he should also be
well trained in radiopharmacy.

5.5 Surveillance of the total system

The quality of the radiopharmaceutica). after administration to the patient,

can be observed by physicians during and after the nuclear medicine
procedure.

5.5.1 1n vivo instabifity

During the interpretation of images the physician should be aware of false
biological distributions such as:

- accumulation of free pertechnetate in the thyroid gland and;or stomach
after application of **™Tc¢-labelled compounds;
- accumulation in the lungs after application of *™T¢- or '"*™In-labelled
compounds; and

accumulation in the liver after application of labelled macroaggregates for
hung scanning.

5.5.2 Radiopharmaceutical defects

Radiopharmaceutical defects detected by quality control procedures or by
observation should be reported to the manufacturer, as well as to any relevant
national, regional, or international committee which may have been set up to
monitor and record such defects.

5.5.3 Adverse reactions

Ung:xpected adverse reactions—such as pyrogenic, vasovagal and
allergic—should be reported to the manufacturer, and to any relevant
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national. regional, or mternational committee. Occurrence of these events
must be fully dovumented.

*

Further reading

The totlowng (eferences are recommended for further {eading. asan aid for
tramimg and education. and also to gain a knowledge of the existing state of
the art & & i 17 0925 28 35 40 42 44, and 45.



6. Records and evaluation
of results, with special
reference to quality
assurance

6.1 Patient records

ECOMMENDATIONS for the minimum requirements for a patient

record are given in schematic form in Fig. 2, and where additional
explanations are given, these are indicated by the relevant secticn numbers,
6.1.1-6.1.5. The symbol —| PDR | indicates a requirement to transfer
information to the patient’s data record (PDR), and the dottzd lines (as
distinct from the solid lines) indicate that a different course of action must be
taken (rom that which was originally envisaged.

“Faulty performance” in Fig. 2 could be caused by a chanpgz in the clinical
condition of the patient during the study. instrumert failure, or an error
occurring during administration of the activity.

Itis also noted that the [ollowing references contain cata relevant to patient
records. Rhodes (36} discussed acceptable working stancards for quality
assurance within a framework of:

measure,
evaluate,
— apply criteria,
take action.
inform,
-— remedy problem, and
—— keep records.

Rollo (35) subdivided recommendations for quality conirel programmes into:

- matenals.
- methods, and
—- record-keeping;

and illustrated an example of a request /report form and a pat.ent study sheet
for scintillation gamma-camera studies. Paras (33), when discussing quality
assurance in nuclear medicine, also referred to record-keepir g but his remarks
are directed towards instrument log-book records, some of which are also
relevant to the patient record.
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Fig. 2. Specification of patient record requirements
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Apart from the works mentioned above, very little has been published on
guidance for the design and processing of nuclear medicine patient records
relating to quality assurance, unlike those designed for the processing of
patient records relating to the treatment of cancer or the incidence of cancer.
However, where such hospital cancer registries exist it might well be possible
to extend their use to accommodate nuclear medicine patient records.

6.1.1 Patient identification

Table 18 hists the recommended minimum requirements for the patient
identification reco-d.

Table 18. Patient identification record

Data requirement

(1} Patient’s name, including surname and given name(s).
(2} Date of birth.

(3) Nauonal reference number, if any.?

(4) Sex.

(5) Address.

(6) Name of referring physician.

(7} Name of nuclear medicine physician

(8) Hospital case number.

? Some countries have a system of reference numbwrs that perain to one person only and are 1ot
duplicated tor any other persons. Such numbers can be extremely useful in tracing hospital patients for
subsequent follow- up {see section 6.1 5). Countries that have national systems include the Scandinavian
countries (in Denmark the reference number is called the Person's Number and is a 10-digit number with
the irst & digits representing the date of birth); the United Kingdom, in which every persan is al ocated a
unmigue National Health Senvice Number and pauient-tracing can be achieved through a central registry;
Paland, which (since 1978) allocates a number at birth; and the USA. in which 2 Social Security humberis
aliocated once the person has reached 15 16 years of age

6.1.2 Type of study and justification for request

It is the responsibility of the nuclear medicine physician to ensure that the
study requested by the referring physician is justified. For example. special
attention must be paid to the medical justification for studies requested Tor
children and for pregnant women. The nuclear medicine physician must
control the use of radionuclides within his department.

A similar situation mav also arise when the study originally requested by the
referring physician is not -onsidered to be an appropriate study by the nuclear
medicine physician--for example, a request for a radionuclide investigation
for suspected g.lstones, when a more appropriate hepato-biliary study could
be undertaken using ultrasound equipment.

6.1.3 Selection of protocol

I is recommended that a procedure manual should be made available for
each type of study. This manual should be reviewed at least annually and any
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changes to the original manual should be dated and initialled by the nuclear
medicine physician or physicist who institutes the changes.

Table 19 lists the minimum requirements for such a procedure manual,
which nuclear medicine centres might wish to expand. Also, the centres are left
to design their own format for their own records since a standard format is not
considered to be an advantage.

Table 19. Procedure manual requirements

Data requirement

(1) Name of study --enter in PDR.
(2) Rationale of study - 1.e. "How it works”, the physiological and pharmacologicat basis
for the study.
Frevious relevant hustory of the patient—e g . iodine premedication, application of X.
ray contrast media, previous radionuclide study.
(4) Preparation of the patient —including details of any premedication.
(5) Radiopharmaceutical and source of origin—enter in PDR.
(6) Activity to be administered—include any calculation schedule taking into account body
weight and age (if such schedule is relevant).
(7) Preparation of the radiopharmaceutical, meluding quality control procedures.
(8) Route—ie, oral, intravenous —and time sequence of administration.
{9) Measurement of administered activity using an appropriate instrument—e.g.. activity
meter. Enter in Laboratory Records.
(10) Specification of instrument type——e.g., gamma camera. Enter in PDR.
(11) Measurement technique explanation—i e, "How it is done”, including such details as
positioning of the patient, instrument settings, collimator, use of computer
(12) Evaluation of output quality by instrument operator.
(13) Evaluation of results by the mnstrument operator—e.g., calculations required in the
determination of a clearance rate.
(14) Additional special requirements —some of which may be administrative (see section
634)
{15) References dealing with the basic methodology of the study

(3

—

6.1.4 Diagnostic report

The recommended requirements for the diagnostic report are fisted in Table
20. The choice of which patient identification parameters should be used is left
to individual centres. but they should be selected from those given in Table 18.

Table 20. Diagnastic report requirements

Data requirement

(1} Patient identification parameters.

(2} Date of study.

(3) Name of study.

(4) Radiopharmaceutical and administered activity.

(5) Study results—e.g., a graph or a series of images.

(6) Objective description of findings—e.g.. marphological description of image(s).
(7) Diagnostic conclusions and recommendations.




48 QUALITY ASSURANCE IN NUCLEAR MEDICINE

It is recommended that the diagnostic conclusions should be more
quantitative (whenever possible) rather than based on the present qualitative
approach that employs vague adjectives such as “possible™, “probable”,
“hkely", which-—except in the mind of the nuclear medicine physician making
the conclusion- are difficult to quantify and communicate 10 a referring
physician. A more numerate approach can be adopted in: (¢} the specification
of organ function; and () the use of a probability statement to describe the
degree of confidence that the nuclear medicine physician chooses to atlocate to
his diagnostic conclusions (see reference 3/). The use of a probability
statement for indicating the nuclear medicine physician’s degree of certainty
that an abnormality exists- c.g.. from a liver tmage - 15 demonstrated in
Table 21. In practice. the physician may choosc whatever P, value he wishes,
and is not limited to values of 1.0, 0.75, 0.50, 0.25. and 0.

Table 21 Specification of diagnostic resulis using a
probability statement

Probability of Implication
abnarmality (P,)
P, =10 A 1009, certainty that an abnormality 15 detected
P, - 075 A 759, certainty that an abnormality is detectable
P, - 050 An equivocal result, since this implies that, in the opinion of the

nuclear medicine physician, there is a 509, chance of abnormalsty
and a 509 chance of normality {If P, is the probability of normality,
then B, r P, = 1)
025 A 259 certainty that an abnormality 1s detectable
=0 A 100% certainty that no abnormality 15 detactable

6.1.5 Nuclear medicine physician quality assurance

It1s recommended that a procedure should be adopled for applying quality
assurance 1o the diagnostic reports of the nuclear medicine physician, as well
as 1o the radiopharmaceutical. mstrumentation. and technical procedures.

An assessment of the incidence of faise-positive and false-negative reports
is necessary, although the implementation of such a task is not without
difficulties —for example. it is only possible to obtain accurate follow-up
nformation on a small proportion of patients. However, with forward
planning involving well-designed computer-based registries sufficient patient
numbers could be obtained in the future, particularly if centres enter into
collaborative projects.

Fig. 3indicates the pathways involved in implementing quality assurance of
diagnostic reports issued by nuclear medicine physicians. The term “audit” in
Fig. 3 implies that each centre should create interdisciplinary committees or
groups responsible for conducting regular audits at reasonable intervals, in
which individual diagnostic laboratory reports are reviewed and compared
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Fig. 3. Quality assurance of the diagnostic reports issued by
nuclear medicine physicians
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with findings al surgery and autopsy, and with the results of medical
management. The conclusions reached at such meetings must then be
submitted 10 writing to the nuclear medicine physicians who have prepared the
reports.

6.2 Instrument records

Instrument records have been referred to briefly in section 4.2.5, and
throughout this guide it has been emphasized that it is essential to provide
accurate recotds for both the patient and the instrumentation. Details of
parameters required for acceptance and reference testing and for routine
testing are given in Chapter 4. and all relevant test results should be retained.
Instrument records must be kept for each instrument, and this is usually
achieved by means of a log-book and sometimes subsequent data storage in a
computer. Fig. 4 specifies the types of instrument record that have to be
retained, and the various courses of action which might be appropriate after
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Fig. 4. [nstrument record requirements
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the'acccplance of the inst-ument. It is most important that an adequate
maintenance record should be kept.
The frequency of routine testing varies with the type of instrumentation;

recommended frequencies, based on the information given in Chapter 4, are
listed in Table 22.
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Table 22. Routine testing frequency for various types of
instrumentation

Type of instrumentation Daily  Weekly Monthly Quarterly  Half-
(and Table reference in this report) yearly
Actvity meters {Table 4} X X X

Manual and automatic counting sys-

tems tor gamma radiation measure-

ments in vitro {Table 7) X X X X
Single- and multi-probe counting sys-

termns for gamma radiation measure -

ments /n vivo (Table 10} X X X X X
Rectilinear scanners {Table 12 X X X X X
Gamma cameras (Table 15) X X X
Gamma camera whaoie body antach-

ment (Table 16) X X
Single photon emussion computed Frequency not recommended, preliminary

tomographic systems using rotating proposals only {see section 4 8)
cameras
Data-processing systems {Table 17) X X

6.3 Laboratory records

Laboratory records are of several types (see sections 6.3.1 -6.3.4) and relate
not only to scientific information—such as the results of activity meter
measurements and radiation survey measurements—but also to administrat-
ive information—-such as the number of patients and details of radioactive
wasltes disposal -and Lo the retention of government-issued documentation—
such as records of inspections, regulations, codes of practice relating to health
and safety. licences, and authorization certificates.

6.3.1 Government ficences and authorization certificates

[tis apparent that there is no worldwide trend towards a uniform pattern of
licensing, authorization, inspection, and accreditation. Indeed, in several
countries, government involvement in nyclear medicine matters is minimal. It
is therefore inopportune to summarize the widely divergent roles adopted by
various governments, since these roles are still subject 1o change.

6.3.2 Radiation proteciton

Records should be retained of laboratory radiation surveys, patient
absorbed dose estimates, the radioactive waste disposal limits allowed by
regulations (if such regulations exist). personnel monitoring records of staff
using radionuclides (thermoluminescence dosimeters, film badges, or person-
nel ionization monitors), and information relating to the regular calibration
of radiation protection monitoring equipment.
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It is also noted that the hospital or clinic should be aware that radiation
protection should be regarded as important for patients as well as staff. As
regards the former. this awareness should include knowledge of the radiation
dose received by the patient during a particular radionuclide stady. Only
relatively few data have been published on this subject. A recent review by
Roedler et al. {37) gives a summary of current knowledge.

6.3.3 Imterlaboratory comparison

interlaboratory comparison, also known as proficiency testimng ard zxternal
quality control, is a technique that permits a professional organizat:on and/or
a regulatory body to moniter the total performance of a lakoratcry facility
In an objective manner. [t is based on the use of unknown samples and
phantoms, submitted for analysis or study to individual facilities and surveyed
in a regularly scheduled manner. The data obtained from all surveyed facilities
is then collated by the organizing bodies. Reports comparing the pe-formance
of individual facilities are then submitted to each taborator~.

The purpose of quality assurance procedures is to ensurz that the end-
product of a nuclear medicine procedure accurately reflects the status of the
organ or physiological compartment studied. and that the results of such
studies make a meantngful contribution to the patient diagnosis and
management. The College of American Pathologists” (CAP) proficiency
testing or interlaboratory compansen programme (/3. /4), waich has been in
existence since 1973, has proved to be an essential componert of such
programmes, inasmuch as it provides an objective assessmant of the total
performance of laboratories. Because of this it has been formally eadorsed by
the Society of Nuclear Medicine and the American College > Radiclogy in
the USA.

Programmes of quality control and quality assurance are 11 var ous stages
of development throughout the world. In Europe, as the Heidelberg meeting
revealed, there is no standard scheme for the implement:tion of quality
assurance and quality control. Thus, there 1s no clear idea of the levels of
quality of performance in European nuclear medicine laborasories at present.
Consequently the meeting could not assess the efficacy of the nractice of
nuclear medicine in Europe or the quality of services provided oy nuclear
medicine facilities to their patients. To encourage the developmen' of quality
assurance programmes and to be able 10 evaluate the degree of success of this
effort in the future a determination of the current state of the art im Europe is
essential. To this end, a pilot study utilizing two College of American
Pathologists (CAP) total-performance phantoms (/1, /4) end the London
liver total-performance phantom (/2, 29) is needed.

In addition, a qu lity assurance total-performance study in Europe and
North America should be carried out at the earliest possible date. The
following conditions to be met with regard to organizational, man>ower, and
technical resources are as follows:

(1) The study should be internationally sponsored and overseer. through a
properly designated committee or group, comprising individuale who have
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voluntarily agreed (o take responsibility for conducting such surveys in their
own countries in a prompt and timely fashion.
(2) The phantoms used by each country in the study should comprise:

— 1 CAP brain phantom,
— 1 CAP liver phantom, and
— 1 London hiver phantom.!

(3) Each collaborating country would ensure that the results were obtained
from a minimum of ten nuclear medicine centres within its territory.

{4) The designated, internationally sponsored committee should prepare,
within one year of the commencement of the study. a scientific report of the
findings, which would be presented at a suitable meeting. Copies of the report
would be sent to interested organizations, societies and associations— for
example, WHO, the International Atomic Energy Agency, the American
Association of Physicists in Medicine, the College of American Pathologists,
the European Nuclear Medicine Society, the Hospital Physicists” Association,
and the Society of Nuclear Medicine {New York).

6.3.4 Management information statistics

Unfortunately, statistics issued by large bodies, such as government
departments. are often rather inaccurate—as in the case, for example, of
cerlain cancer statistics {see reference 30). Nevetheless, some reliable statistics
must be made available for management decisions concerning, for instance,
the purchase of capital equipment by hospitals. Such decisions are based in
part on patient workload statistics and it is therefore of obvious advantage to
a nuclear medicine facility to be able to supply authorities with accurate
statistical information. It is recommended that, for their own benefit, nuclear
medicine departments should make themselves aware of the particular
management statistics that affect their own departmental environment, and
then take appiopriate measures to ensure that the correct records are
obtained. These should then be incorporated into the total system for patient

records. instrument records. laboratory records and management infor-
mation records.

' The model of the liver for the London liver phantom would be based on that used in a recent
United Kingdom Department of Health and Social Security (DHSS) survey (1) and use TEMEX
tissue-equivalent rubber developed by Stacey et al. (43). The simulated tumour sizes and positions
would be different from those used in the DHSS survey. Liver shells would be used with various
tumour positions and size specifications, but since the liver shapes are identical, they would all fit
the same TEMEX abdomen. The surface of the liver shetls would be made opaque so that the
participating centres would be unaware of the sizes and positions of the tumours. (TEMEX

phantoms are manufactured by James Girdier & Co. Lid., 458 Rotherhithe Street, London,
SE 16



7. Phantoms

7.1 Flood-field phantoms

(1) Hollow perspex flood-fieid phantom. The recommended spectfication is
given in Fig. 5, which has been adapted from a diagram published by Sano
(39). For a more detailed description, see reference 22. (see also Table 13 of the

present guide.)

(2) *"Cobalr disc flood-field phantom. See section 4.7.2.

Fig. 5. Flood-field phantom
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Fig. 6. The ortho test (SOH) phantom
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7.2 Orthogonal hole transmission pattern (OHTP) phantoms

See Tables 13 and 15 The ortho test (Smith orthogonal hole—SOH)
phantom is recommended as the most appropriate phantom, but the OHTP
(United States Bureau of Radiological Health-—BRH) phantom can se used
as an alternative.

(1} Ortho test {SOH} phaniom. See Fig. 6 for details.
(2y OHTP {BRH) phuntom. See Fig. 7 for details.

Fig. 7. The QHTP (BRH) phantom
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7.3 Count-rate performance phantom

See Table 13. The recommended specification is given in Fig. 8, which has
been adapted from a diagram published by Sano (39). For a more detailed
description, see reference 22.

7.4 Resolution and linearity phantom

See Table 13. The recommended specifications are those given by the
National Electrical Manufacturers’ Association (NEMA). Fig. 9 has been
adapted from a diagram published by Sano {39).

7.5 Step-wedge phantom

See Tables 11, 13--15 and section 4.7. Fig. 10 shows an emissicn tyae step-
wedge phantom (2).
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Fig. 8. Count-rate performance phantom
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Fig. 10. Emission step-wedge phantom
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7.6 Total-performance phantoms

See sections 4.8 and 6.3.3, and Tables 13—15. The definition of a fofal-
performance test is given in Annex | of this guide.

7.6.1 College of American Pathologists' { CAP) phanioms!

See section 6.3.3 for CAP liver and CAP brain phantoms. Literature
references 5, /3-/5 are relev. nt to these phantoms. Fig. 11 shows a CAP

brain phantom from Hine et al. (/5). (Other CAP brain phantoms are
also available.)

' For inquiries concerning CAP phantoms, contact Dy N, Herrera, Director of Laboratories,
Danbury Hospital, Danbury, CT, USA.
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Fig. 11.  CAP brain phantom containing eight 2-¢m diameter areas of increased
activity at indicated depths
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7.6.2 The London liver phantom®

See section 6.3 * and Fig. 12. This phantom was used in a national survey in
the United Kingdom (/2 and is currently being used by the DHSS (UK) fora
further survey of more recently manufactured gamma cameras. Specifications
of the liver shell required for simulating various positions and sizes of tumours
are given in reference 29. A water-bath was used to simulate the rest of the
body. TEMEX (43) tissue-equivalent rubber abdomens may be used instead of a
water-bath.

! For inquiries corcerning London liver phantoms, contact Dr R. F. Mould, Principai
Physicist, Westminster Hospital and Medicai School, London, England.
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Fig. 12. Schematic diagrams of the London liver phantoms, types ‘A" and "B”
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Fig. 12 {continued)
{(n) Type “B".

London fiver type "8, In this liver phantem type the simulatad tumours, D, E, are fixed in
position and their size cannot be varied. The tissue equivalent rui:ber abdomen is constructed
in two halves so that when filled with technetium, the liver shell can be inserted within the
abdomen. The shells can be covered with an opaque pamt s0 that interlaboratory
zompansons can be made without a knowledge of the position and size of the vanous
umours, and a blind study undertaken. Several liver shells containing different tumour
specifications can be used with the same standard tissue equivalent rubber abdomen.

7.7 Phaatom for use with single photon emission computed tomographic
systems using rotating cameras

See section 4.8 and Fig. 13.

Fig. 13. Schematic diagram of a phantom for use with single photon emission
computed tomographic systems using rotating cameras
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Further reading

The phantoms described in sections 7.1-7.7 are the ones specifically
recommended in this guide. Many other phantoms exist (5, /8), but, to avoid
confusion, these are only briefly mentioned in the present guide (see below).
However, it is recognized that some of the phantoms concerned can provide
reasonable alternatives to those recommended, if none of the latter are
available. However, care must be taken when departing from the recommen-
dations of this guide.

Miscellaneous phantoms:

(a) Hine-Duley bar phantom, PLES bar phantom, 90~ ‘bar 'quadram
phantom, Anger “Pie” phantom, Sorensen phantom, Genna dwergnpg weflgc
phantom, Rollo phantom, Hine cylindrical step phantom, IAEA (liver slice)
phantom, Williams (liver slice) phantom, and Picker thyroid phantom—see
reference 5 for details.

{b) Anger “Pie” phantom, Bar phantoms, Flood-source phantoms, BSI
source for measurement of count-rate capability, BSI source for measurement
of plane sensitivity, Modified Williams liver slice phantom—see reference /8
for details.

8. Conclusions

NUCLEAR medicine is a specialty offering many advantages in solving a

wide range of diagnostic health problems. Indeed, there is hardly a branch
of medicine in which this discipline cannot make a significant contribution to
the health care of the individual and the community. However, nuclear
medicine can only play an important role in the health care system of a
country if the services it provides have been properly planned, established, and
implemented.

It is recognizzd that in order to achieve effective utilization of nuclear
medicine instrumentation and to maintain a high standard of diagnostic
reliability and accuracy, a quality assurance programme must be in force. As
part of this programme, regular quality control tests should be applied to the
instrumentation, to radiopharmaceuticals, and (ideally) to the entire diag-
nostic process as described in the previous chapters of this guide.

Finally, the following principles are considered to be of special importance
in promoting ths concept of quality assurance:

{1) Nuclear medicine laborataries, institutions, and individual special-
ists—such as physicians, medical physicists, radiopharmacists and radio-
chemists—should be encouraged to initiate and implement quality control
procedures within their working environment as part of an integrated quality
assurance programme,

(2) The methods used to implement quality assurance should follow, as
closely as possible, internationally agreed principles. This will ensure the
establishment of a good basis for quality assurance and quality control on a
national and international level.

(3) The procedures for routine quality control for nuclear medicine
instrumentation, radiopharmaceuticals, records, and the evaluation of resuljts
described in this guide should be implemented.

{4) Internationally coordinated interlaboratory comparisons and quality
control programmes, with the aim of improving the standard of nuclear
medicine diagnostic procedures, should be planned and initiated under the
auspices of international bodies.
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(5) Governments, nongovernmental professional organizations, and
national professional associations and societies should be encouragzd 10
initiate and support the establishment of quality assurance an1 quality cqn~trol
programmes in their countries; and in particular to incorporake this worx into
national training programmes in nuclear medicine,

(6) Quality assurance and quality control programmes should be sup-
ported and implemented through:
(a) the collection and distribution of information;
(b} the preparation and publishing of traiming mawknal. including
guidelines and manuals; and

(c) the organization of raining seminars and workstop meetings at
regional and interregional levels.

REFERENCES

This list of references is not intended to be a comprehensive review of the hterature,
but is a compilation of publications considered to be of general interest.

I AMERICAN A 530C1ATION OF PHYSiCIsTS INMEDICINE. Draft report: Scintiflation camera
acceplance testing and performance evaluation. Chicago, 1979.

2. Beromann, H. & Haviik, E. Evaluation of wedge shaped phantoms for assessment
of scanner display as a part of guality control of scanner performance. In:
Proceedings of an International Symposium on Medical Radionuclide Imaging,
Heidelperg, September 1980. Vienna, International Atomic Energy Agency, 1981
(IAEA-SM -247/208).

3. Baumnis InsTiTute o RapioLocy. Guidelines for the preparation of radiopharma-
ceuticals in hospitals. London, 1975 (Special Report No. 11},

4. Bureau or RavioLocicar Heauth, Workshop manual for quality controf of scintil-
lation cameras in nuclear medicine. Washington, DC, United States Department of
Health, Education, and Welfare, 1976 (DHEW Publication, FDA -76-8039).

5. Bureau oF Rapiorocicar Heartw. Quality control for scintillation counters.
Washington, DC, United States Department of Health, Education, and Welfare,
1976 {DHEW Publication, FDA-76—8046).

6. Bureau or Rapiotocicar Heaith, Radionuclide handling and radiopharmaceutical
quality control. Washington, DC, United States Department of Health,
Education, and Welfare (in press).

. Conen, Y. & Besvarp, M. Analytical methods of radiopharmaceutical quality
control. In: Radiopharmaceuticals. New Y ork, Society of Nuclear Medicine, 1975,
& Europrean JoiNt COMMITTEE ON R ADIOPHARMACEUTICALS. Reporting of adverse reac-

tions and drug defects. Compact news in nuclear medicine, 11° 82 (1980).
Y. European Pharmacopoeia, Volume [0, 1975 (Supplement 1977). Moulins-lés-
Metz, Maisonneuve, 1977,

1C. Forp, L. er aL Society of Nuclear Medicine drug problem reporting systetn.
Journal of nuclear medicine, 19: 116 (1976).

11 Frier, M. & Hesstewoon. S. R, ed. Quality assurance of radiopharmaceuticals: a
guide to hospital practice. Journal of nuclear medicine communication, special issue
(1980).

12 Gopbaro, B. A, T AL 4 survey of some radionuclide imaging eguipment with an
anthropomorphic liver phantom. London, H. M. Stationery Office, 1978 (DHSS
Technical Branch, STB;3,78).

{3 Hermann, G. A et ac Rationale, techniques, and results of a quality control
programme of imaging procedures. in: Proceedings of an International S ymposium
on Medical Radionuclide Imaging, Los Angeles, October, 1976, Volume 1. Vienna,
International Atomic Energy Agency, 1977 (IAEA -SM-210,122).

14. Hermann, G. A, 1AL The College of American Pathologists Phantom Series: an
assessment of current nuclear imaging capabilities. American Journal of clinical
pathology, 74: 591 (1980).

15. Hive, G. €1 a1, Measurements of the performance parameters of yamma cameras,
Fart | Washington, DC, United States Department of Health, Education, and
Welfare, 1978 (DHEW Publication, FDA —788049),

16. Hine, G. et AL Measurements of the performance parameters of gamma cameras.,
Pari 2. Washington, DC, United States Department of Health, Education, and
Welfare, 1979 (DHEW Publication, FDA -79-8049),

~1



20.

2L

22.

23
24,
25.
26.

27,

28.
29
30.
31

32

33

34,

35.

QUALITY ASSURANCE IN NUCLEAR MEDICINE

. Hoseitar Puysicists: Association. The hospital preparation of radiopharmaceuticals

London, 1976 (Scientific Report Series, No. 16).

. HospitaL Puysicists Association, The theory, specification and testing of Anger

type gamma cameras. London, 1978 (Topic Group Report, No. 27).

- Lo, M. Survey of adverse reactions to radiopharmaceuticals. Japanese journal of

nuclear medicine, 16: 511 (1979).

InTERNATIONAL ATOMIC ENERGY AGENCY. Proceedings of International Symposium
on Medical Radionuclide Imaging, Heidelberg. September, 1980. Vienna, 1981
(IAEA -SM -247.208).

InTERnaTIONAL ATOMIC ENERGY AGENCY. Quality control schedules for nuclear
medicine instrumenta ion. (Recommendations of an advisory group on the quality
controt of in-vive rad anuclide procedures. Convened by the International Atomic
Energy Agency. Vienna, August, 1979). Vienna, 1980,

InTernaTIONAL ELEcTROTECHNICAL Commission. Characteristics and test conditions
of radionuclide imaging devices. Geneva, 1980. Draft report -1EC document 62C
Central Office.

Joroan, K. Medizinische Physik 78. Kriterien zur Qualititsbeurteilung der Gamm-
Kamera. Heidelberg. Huthig Verlag, 1978, pp. 393 -407.

Jorpan, K. Normung von Messbedingungen zur Beurteilung der Leistung von
Gamma-Kameras. Der Nuklearmediziner, 1: 49 (1980).

Keenine, D. In: Gorred, J. W., ed. Side effects associated with the use ¢}
radiepharmaceuticals in drug toxicity. London, Taylor & Francis, 1979, p. 285

Kuistensex. K. Preparation and control of radiopharmaceuticals in hospitals.
Vieana, Intcrnational Atomic Energy Agency. 1979 (Technical Report Series, Nc.
194},

Kristensen, K. Quality control of radiopharmaceuticals. In. Proceedings of aa
International  Symposium  on Medical  Radionuclide Imaging. Heidelbery,
September, 1980, Vienna. International Atomic Energy Agency. 1981 (JAEA-
SM 247.208).

Kronn, Ko A & Janswon, A Radiochemical quality control of shert-lived
tadiopharmaceuticals. Imternational journal of applied radiation and isotopes, 28
213 ¢1977).

Movtn, R F. A liver phantom for evaluating camera and scanner performance in
chinical practice. Brirish journal of radiology, 44: 810 (1971).

Moucn, R. F. Cancer statistics. British medical journai, 1: 86 (1976).

Mouip, R. F. Nuclear imaging and probability levels. Jounrnal of nuclear
medicine, 20: 364 (1979).

NaTionaL ELECTRICAL MANUFACTURFRS ASSOCIATION. Performance measurements of
scintillation cameras. Washington. DC, 1980 (NEMA Standards Publication,
No. NU D).

Paras, P. Quality assurance in nuclear medicine. In: Praceedings of an
International Symposium on Medical Radionuclide Imaging. Los Angeles, October.
1976. Volume I. Vienna, International Atomic Energy Agency, 1977(IAFA -SM -
210,301).

Paras, P. Pertormance and quality control of nuclear medicine tmstrumentatton.
In: Proceedings of an International Symposium on Medical Radionuclide Imaging,
Heidelbery. September, 1980. Vienna, International Atomic Energy Agency, 198:
(FAEA -SM- 247,208).

Pauwies E K. ). & Ferrsma, R. Radiochemical quahity control of technetium-99m

labelled radiopharmaceuticals: some daily practice guidelines. European journal of
nuclear medicine, 2: 97 (1977).

45.

REFERENCES 67

. Ruoves, B. A. Quality control in nuciear medicine. radiopharmaceuticals, in-

strumentation and in-vitro assays. St Louis, Mosby, 1977.

. Roepier. H. D. et aL Internal radiation dose in diagnostic nuclear medicine. Berbin,

Hoffmann. 1978, p. 38.

. Rotro, D. Nuclear medicing physics, instrumeniation and agenis. 8t Louis, Mosby,

1977,

. 8ano, R. M. Performance standards: Characteristics and test conditions for

scintillation cameras. In: Proceedings of an International Symposium on Medical
Radionuclide Imaging, Heidelberg. September_ 1980, Vienna, International Atomic
Energy Agency, 1981 (IAEA-SM-247,208).

. Servian, J. L Report of an International Atomic Energy Agency meeting on

quality control of radiopharmaceuticals (C-14 sterility testing: limulus pyrogen
testing). International journal of applied radiation and isotopes, 28: 653 (1977).

- Suan ) oev AL Adverse reactions to radiopharmaceuticals. Seminars in nuclear

medicine, 6. 105 (1976),

- Sinn, He et ac An efficient method for routine production of o-iodohippuric acid

labelled with rodine-131, iodine-125 or iodine-123. International journal of applicd
radiation and isotopes, 18 809 (1977).

- STacey, A. J. £7 a1 A new phantom material employing depolymerised natural

rubber. Britisht journal of radiology. 34: 510 (1961),

. WHO Chronicle, 31: Supplement (1977). Good practice in the manufacture and

quality control of crugs (resolution WHA28.65).
WHO Technical Report Series, No. 367, 1975 (Specifications for pharmaccutical
preparations: Twenty-fifth report of the WHO Expert Committee).



ACKNOWLEDGEMENTS

Gratitude 1s expressed to the Government of the Fede-al Republic of
Germany for its generous financial and administrative support.

Thanks are also due 10 the institutions co-sponsornng the meet:ng, and to
the following tndividuals, for their valuable organizational contributions:
Professor H. Kriegel, Professor W.J. Lorenz, Dr H. Ostertag. Professor H. D.
Roedler, Professor K. Scheer, Dr W. Seelentag, and Profes:or F -E. Stieve.

The work of Dr R. F. Mould, who undertook the difficult tsk of editing the
guide, which was based on individual presentations, contribusions of working
groups, and plenary discussions. is deeply appreciated.

Annex 1
Definitions of terms

The defimtions of terms given below apply to the terms as used in this guide,
and are not necessarily valid for other purposes.

Acceptance inspection (acceptance test)

Inspection to determine whether an 1tem delivered or offered for delivery 1s
acceptable (1SO 3534-1977). Such inspection may include tests carried out
following the installation of equipment to determine whether it has been
manufactured and installed in accordance with the agreed technical speci-
fications; the results of these tests provide reference values against which

the future performance of the equipment may be assessed when routine
testing i1s undertaken.

After-repair test

A procedure carried out following the repair of defective equipment in
order to determine whether the repairs have been properly effected and
whether the instrument is functioning according to specifications.

Overall uncertainty

QOverall uncertainty, often simply called the accuracy, 1s an estimate of the
possible divergence of the quoted result from the true value. It must allow for
the uncertainty attributable to statistical vaniations and for the total limits of
uncertainty due to assessable systematic error (ICRU Report No. 12).

Quality assurance

All those planned and systematic actions necessary to provide adequate
confidence that a structure, system or component will perform satisfactorily in
service (ISO 6215-1980). Satisfactory performance in service implies the
optimum quality of the entire diagnostic process—i.e., the consistent
production of adequate diagnostic information with minimum exposure of
both patients and personnel.

Quality assurance programme

The overall management and procedures covering the quality assurance
actions for the execution of a specific contract or project (1SO 6215-1980). It is
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an organized activity designed to provide quality assurance in nuclear
medicine, and includes both quality control techniques and quality adminis-
tration procedures. The nature and extent of this activity will vary with the size
and type of the facility, the types of examination conducted, and other factors.

Quality control

The set of operations (programming, coordinating, carrying out) intended
to maintain or to improve quality {. . . ] (ISO 3534-1977). As applied to a
diagnostic procedure, it covers monitoring, evaluation, and maintenance at
optimum levels of all characteristics of performance that can be defined,
measured, and controlled.

Reference test

A test of an instrument whose results provide a measure against which
future performance of the instrument may be comprehensively assessed.

Routine test

A procedure, to be carried out at regular intervals, whereby a few atiributes
of an instrument or of a radiopharmaceutical are checked to ensure that
the performance of the instrument has not altered or that the radio-
pharmaceuticais can be expected to meet given specifications.

Total-performance phantom

A device that permits the evaluation of an imaging procedure, including the
performance of the equipment and of the nuclear medicine personnel.

Total-performance test

An uncomplicated tes( for verifying the overall performance of a nuclear

medicine procedure without separately testing each individual factor involved
in the procedure.
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