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FOREWORD

Over the past decade many IAEA programmes have significantly
enhanced the capabilities of numerous Member States in the field of nuclear
medicine. Functional imaging using nuclear medicine procedures has become
an indispensable tool for the diagnosis, treatment planning and management of
patients. However, due to the heterogeneous growth and development of
nuclear medicine in the IAEA’s Member States, the operating standards of
practice vary considerably from country to country and region to region. This
publication is the result of the work of over 30 international professionals who
have assisted the IAEA in the process of standardization and harmonization.

This manual sets out the prerequisites for the establishment of a nuclear
medicine service, including basic infrastructure, suitable premises, reliable
supply of electricity, maintenance of a steady temperature, dust exclusion for
gamma cameras and radiopharmacy dispensaries. It offers clear guidance on
human resources and training needs for medical doctors, technologists,
radiopharmaceutical scientists, physicists and specialist nurses in the practice of
nuclear medicine. The manual describes the requirements for safe preparation
and quality control of radiopharmaceuticals. In addition, it contains essential
requirements for maintenance of facilities and instruments, for radiation
hygiene and for optimization of nuclear medicine operational performance
with the use of working clinical protocols. The result is a comprehensive guide
at an international level that contains practical suggestions based on the
experience of professionals around the globe.

This publication will be of interest to nuclear medicine physicians,
radiologists, medical educationalists, diagnostic centre managers, medical
physicists, medical technologists, radiopharmacists, specialist nurses, clinical
scientists and those engaged in quality assurance and control systems in public
health in both developed and developing countries.

The IAEA is grateful to all those who have contributed to and reviewed
this manual.

The TAEA officers responsible for this publication were A.K. Padhy and
K.K. Solanki of the Division of Human Health.
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Chapter 1

GENERAL INTRODUCTION

The key to the successful development of nuclear medicine is that it must
be appropriate to the culture of the country. The present Nuclear Medicine
Resources Manual offers guidance on human resources and training needs in
the practice of nuclear medicine for medical doctors, physicists, technologists,
technicians and nurses. Nuclear medicine physicians must be able to interpret
the wishes of their clinical colleagues and demonstrate how clinical practice can
be improved by the use of nuclear medicine techniques. It is, of course,
imperative to achieve a certain standard of clinical practice before it can
benefit from nuclear medicine. The introduction of complex nuclear medicine
techniques for imaging or treating cancer with radiolabelled antibodies and
peptides is only useful where there is an existing cancer service with qualified
nuclear medicine staff at all levels. The International Atomic Energy Agency
(IAEA) has a longstanding tradition of conducting regional training courses
and arranging further training abroad for individuals to ensure the safe practice
of nuclear medicine in its client countries.

The present manual sets out the prerequisites for the establishment of a
nuclear medicine service. Basic infrastructure should include suitable premises,
a reliable supply of electricity, air-conditioning, temperature control and dust
exclusion for gamma cameras and other equipment. Local government and
customs officials must be familiar with the properties of radiopharmaceuticals
and be prepared to expedite customs clearance procedures since radiopharma-
ceuticals decay if they are delayed in customs. The manual also contains details
of the required instrumentation as well as instructions on maintenance and
optimization of performance.

There is also a section on practical clinical protocols and, unlike
traditional textbooks where the emphasis is on outlining why protocols should
be followed, this manual describes Zow they should be followed. It also stresses
the importance of an accurate interpretation of results and describes pitfalls
likely to be encountered. There are five parts in a nuclear medicine report:

(1) The patient and demographic data;

(2) The details of the test undertaken and the patient’s response;

(3) A description of the findings;

(4) A conclusion based on these findings;

(5) The clinical data and request, and clinical advice as a result of the study.
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In all cases, practicality is emphasized rather than perfection.

Both in vivo and in vitro methods are described, highlighting the growth
of cardiac and cancer imaging techniques in vivo and of molecular biology and
radioimmunoassay (RIA) techniques in vitro. Differential management (i.e.
results directly affecting patient management) is required over and above the
traditional differential diagnosis. Nuclear medicine permits:

(a) Investigations that establish a specific diagnosis, as in thyroid disease,
pulmonary embolism or exercise induced stress fracture;

(b) Investigations that aim to exclude a particular diagnosis, such as
myocardial perfusion imaging (presence of significant ischaemic heart
disease) or renography (presence of functionally significant renovascular
disorder);

(c) Follow-up investigations such as myocardial perfusion imaging after
angioplasty or coronary bypass surgery, and the identification of tumour
recurrence or metastasis using increasingly specific imaging agents.

The benefits of 1*'I therapy for thyroid cancer are well known. The range
of applications and the clinical efficacy of internally targeted radionuclide
therapy are growing. This manual describes its safe use and appropriate indica-
tions. Conditions that are being successfully treated at present include neural
crest, neuroendocrine tumours and non-Hodgkin’s lymphoma, as well as the
effective palliation of the pain from bone metastases.

Radiopharmaceuticals are the mainstay of nuclear medicine, permitting
an increasingly specific yet sensitive demonstration of clinical pathophysiology.
This manual describes the requirements for the safe handling, quality assurance
and quality control of radiopharmaceuticals, as well as protocols for general
radiation safety and radiation protection in nuclear medicine practices.

Nuclear medicine is neither an ornamental nor a status technology. High
technology nuclear imaging and therapy is an investment in health. It reduces
the pain of investigation by showing from the outside what is inside. It
measures from the outside how the inside works. It enables objective outcome
analysis. It characterizes tissue, for example, as cancerous or not, but, at the
same time, relies on quality assurance at all levels for hardware and software, as
well as competence in technology, physics and medicine.

The manual endeavours to demonstrate the universality of nuclear
medicine, its uniformity and harmony. Other benefits of nuclear medicine
include safety, non-invasiveness and cost effectiveness.

In the future, there will be increased emphasis on distance learning and
on ‘hub and spoke’ type systems, so that local data acquisition can be
transferred to a centre for data analysis and for second, or specialist, reporting.
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The accreditation of staff and their departments, with full documentation of
procedures to international standards, will become a requirement.

The TAEA continues to support nuclear medicine throughout the
developing world and will continue to play a leading role in setting and
maintaining standards of practice. This manual should be regularly updated to
help meet this obligation.






Chapter 2

HUMAN RESOURCE DEVELOPMENT

Today’s world is fast changing. As the pendulum of change swings towards
free enterprise and market oriented economies, health care and medical services
are also moving into the realm of business and industry. Efficient management is
essential to the success of any undertaking, and nuclear medicine is no
exception. It should be regarded as an enterprise that requires efficient organi-
zation and management if it is to adapt successfully to the pressure of change
brought by the new market order. Human resources act as the hub that drives all
the other resources in an enterprise, whether material or financial, and their
strategic importance cannot be ignored.

Human resources can be defined as the total knowledge, skills, creative
abilities, talents and aptitudes of the workforce in a given organization,
including the values and attitudes of the individuals making up the organization.

No development is possible without proper planning, and human resource
planning is a prerequisite to human resource development. Human resource
planning in nuclear medicine must provide for the implementation of ongoing
activities, meeting the demands of changing technologies and expansion
programmes, replacing a workforce dwindling as a result of retirement or
separation, and deploying staff to take care of any excess or shortage as the case
may be. To summarize, the objective of human resource planning in nuclear
medicine should be to optimize the human resource contribution to its growth
and development, and to prepare nuclear medicine to meet the inevitable
challenge of change.

Strategic thinking plays a vital role. It is imperative to define the objectives
of a nuclear medicine enterprise in order to forecast future needs. A comparison
of current human resources with future needs will reveal deficiencies or gaps in
the competence of the workforce and provide a framework for remedial action.
Proper job analysis will lead to a clear division of responsibilities and avoid
unnecessary duplication and overlap. These steps represent the groundwork for
realistic and, above all, practical human resource planning. While doing all
these, it is good to keep in mind that practicality should be given preference
over perfection.

In developing countries, the objectives of nuclear medicine can vary from
country to country. From a purely scientific point of view, H.N. Wagner would
include the following objectives:

(a) Detection of focal organ disease before it becomes global,
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(b) Diagnosis based on altered function or biochemistry;

(c) Detection of altered function before it changes structure, and definition of
the molecular basis of such changes;

(d) Characterization and portrayal of dynamic states of body constituents in
the form of molecular or biochemical images;

(e) Development of stereoscopic radiotracer molecules.

The above goals reflect an academic and research oriented viewpoint.
They are borne out of the inherent strengths of nuclear medicine, namely its
tracer principle and the capability to exploit newly emerging technologies to its
advantage.

The same goals can, however, also be defined from the more pragmatic
point of view of medical imperatives. This is of particular relevance to
developing countries, where there is a sense of urgency arising from the external
challenges facing the practice of nuclear medicine today. These challenges
include competing medical technologies for diagnosis, ever shrinking health
care budgets in comparison with the demands, and an increasing awareness on
the part of the consumers of their right to high quality services and products.
The objectives are both short and long term. In the short term, the goals in
nuclear medicine are to:

(a) Demonstrate the appropriateness of procedures for diagnosis and/or
treatment of a given disease or disorder;

(b) Provide total quality assurance;

(c) Reduce the cost of procedures.

Once these objectives have been met, long term goals will also be
achieved, namely the integration of nuclear medicine into national health care
programmes on a par with other disciplines such as radiology, clinical pathology
and biochemistry. At this point, nuclear medicine will have found its proper
place among contemporary health care technologies and its future will have
been secured.

It is relatively easy to forecast human resource needs once the objectives
of nuclear medicine are clear, provided a reliable database is available showing
the breadth and depth of nuclear medicine practice, the range of nuclear
medicine products and services, and the profile of the nuclear medicine
workforce. It will be possible to extrapolate future needs from this database in
terms of the size of the workforce, staff in each category (physicians, physicists,
technologists, radiopharmacists, nurses and other support staff), and qualifica-
tions and experience. It is important to note the age structure of the workforce
in order to plan for replacements as a result of retirement and separation.
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At this stage it is useful to develop profiles of the current and future
workforces, analysing present strengths as well as the new competences that will
be required in order to meet the required nuclear medicine objectives. It is then
a matter of harnessing the old and new competences that will ensure the success
of nuclear medicine and the personal fulfilment of the workforce.

The ultimate aim of human resource development is to place the right
people at the right time in the right position so as to tap the full potential of the
workforce for the benefit of the organization and its staff. There is a current shift
in paradigm towards individual centred human resource management. An
employee is not merely allocated work and treated simply as another resource,
but the self-respect and dignity of the individual are protected and respected.
Human resource development (HRD) builds a work culture where each of its
members is happy and satisfied with work and life. HRD is not a means to an
end, but an end in itself. Development of the individual is the ultimate and
single goal of HRD, working on the principle that if an organization takes care
of its staff, the staff in turn will take care of the organization.

Most nuclear medicine practitioners are involved, consciously or subcon-
sciously, in HRD, whether at the unit, division or department level, although
their impact may be quite limited. Knowing the complexities of human resource
development, it is an almost impossible task at the regional or interregional
level, although, at the country level, impact will be high and the effort cost
effective.

At the country level, the development of human resources for nuclear
medicine involves partnerships with the government (ministries of health and
education at the centre and at the regional level), professional bodies (e.g.
societies of nuclear medicine and their branches, and associations of medical
physicists) and academic bodies (national boards and colleges of nuclear
medicine). Sincerity of purpose, commitment to the cause, and close co-
operation and collaboration among partners are essential for effective HRD in
nuclear medicine.

HRD entails the effective management and development of staff to match
present and future needs. At the country level this is a complex task and
requires a prodigious amount of data collection, processing, analysis, interpre-
tation and implementation. The conventional tools of HRD include
recruitment, induction, mentoring, training, development, teamwork,
performance appraisal, feedback and counselling, and rewards and disincen-
tives. Depending on the exigencies of the situation, some of these functions may
have to be centralized while others should be decentralized.

Although each of these tools is important, this chapter will focus on
recruitment, on training and on performance appraisal, feedback and
counselling for personal development, all of which require a great deal of
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thought, innovation and attention to detail. It appears that there are no clear
recruitment standards for posts in nuclear medicine. A minimum recruitment
standard should be defined for each substantive post in every category of job in
nuclear medicine. These standards should be binding on all hospitals, institu-
tions and clinics that provide nuclear medicine services for patient care. A task
force comprising representatives from each party in HRD should take responsi-
bility for preparing the minimum recruitment standards. It should be mandatory
to involve a suitable member from each job family to help prepare the minimum
standards, thus ensuring confidence in, and adherence to, the requirements of
the recruitment process. Over and above these minimum standards, the
employing authority concerned should prepare detailed job analyses for each
post in nuclear medicine, including a clear and concise job description, job speci-
fication and job design. They should also define standards of performance,
develop models for personal competence and link these for each job. These
standards and models will serve as benchmarks for comparing actual
performance of individuals, a crucial step in the implementation of performance
appraisal, feedback and counselling for personal development. Collection and
codification of all these data on recruitment at the national level should lead to
guidelines for the recruitment of a national nuclear medicine workforce that will
serve as a reference for all those engaged in the practice of nuclear medicine in
a particular country.

The recruitment process should reflect the values of the organization and
its goals. Professional expertise and personal integrity are of crucial importance
in the selection process, since without the right people for the right job there is
little chance of success.

Training is fundamental to HRD since it ensures a viable and know-
ledgeable workforce. By measuring the actual performance of each person of
the workforce with the agreed standards of performance, it will be possible to
identify training needs. Training should only be conducted with the full consent
of the future trainee, whose individual aptitudes and capabilities should first be
considered. Training should be seen as a competence building and personal
development function rather than as either a perk or a disciplinary exercise. A
training programme should lead to concrete plans of action and new directions
to meet the challenges of the future. It should serve the purpose of the estab-
lishment as well as the needs of the employee. In this respect, constructive
trainee participation in the formulation of the training programme is necessary.

Training programmes for the different job categories in nuclear medicine
range from those for a Diploma in Radiation Medicine (DRM), a Diploma of
the National Board (DNB) or a Doctor of Medicine (MD) degree in nuclear
medicine for physicians to a one year diploma course in medical physics or a one
year diploma course (Diploma in Medical Radioisotope Techniques (DMRIT))
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for nuclear medicine technologists. Basic training should be supplemented by
specialized training that is dependent on the needs of the establishment and the
individual. Training in the field of nuclear medicine is a continuous process.
With good planning and organization, it should not be difficult to provide
continuous education and training to all categories of professionals, using,
where necessary, the services of existing training centres. What needs to be
specified clearly is the standard of the end product of training. Personal
competence models can be developed and linked to standards of performance
upon the completion of training. This will help in the monitoring, evaluation and
improvement of the training programme. Periodic accreditation of professionals
in nuclear medicine through an acceptable evaluation process should be part of
continuing education and training programmes for the nuclear medicine
workforce. This will not only ensure that the workforce has up-to-date
knowledge and skills to provide the best service to customers, but will also serve
to boost morale and confidence.

Performance appraisal, feedback and counselling are essential ingredients
of HRD. The implementation of these tools requires a high degree of sensitivity,
objectivity and firmness on the part of higher management. Performance
appraisal should be approached positively. It is a highly developmental
mechanism and not a tool for dispensing discipline or perks. The whole process
should be aimed at rating individuals on a scale. For the purpose of
measurement, competence has been broken down into knowledge, skills and
attitude, and incorporated into the performance appraisal mechanism. An
appraisal exercise should be carefully planned and the assessment based on
mutually agreed targets. Appraisals should be carried out periodically so that
the organization can track the growth and development of a person over a
period of time. The appraisal should also help in the planning of further training
needs. Positive feedback and counselling will reveal any deficiencies or negative
attitudes. Feedback and counselling should be considered as an aid to learning
and development.

Whereas HRD was originally conceived as a management tool to increase
productivity and profit in business and industry, it has now become an important
part of many organized endeavours. It is an integral part of a system known as
Enterprise Resource Planner (ERP) that is currently the object of keen interest
in the business world. Strategic planning, and the use of computers and
information technology (IT), should all make HRD in nuclear medicine easier
than before. Software application programmes are provided by IT experts such
as PeopleSoft to make the HRD process considerably less daunting than it
otherwise might appear.

It is important to see the whole picture and not to be distracted by the day-
to-day needs and pressures of running a nuclear medicine service. To
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summarize, HRD can provide a sense of direction to a nuclear medicine group,
by providing definite goals and the means of achieving these goals, as well a
sense of fulfilment to those involved.

2.1. TRAINING OF MEDICAL DOCTORS
2.1.1. Introduction

Training in nuclear medicine requires a combination of general medical
professional training and specific nuclear medicine training.

Within a nuclear medicine service, the medical doctor, who is also referred
to as a ‘nuclear physician’, plays an important role. Nuclear medicine is a multi-
disciplinary practice and the training of medical doctors is critical to the
performance of a nuclear medicine department. However, in most countries
there is no dedicated academic facility responsible for the education that
nuclear medicine doctors require.

The responsibility of the nuclear medicine physician is to:

— Define the patient’s and clinician’s reasons for the request or referral;

— Determine and organize the appropriate tests and protocols;

— Tailor the protocols to the needs and condition of the patient;

— Assess and carry out interventions (physiological, pharmacological or
mental stress related);

— Adjust the study analysis and interpretation according to the clinical infor-
mation;

— Interpret the results and their clinical, biological and pathological implica-
tions;

— Hold follow-up consultations with the patient;

— Ensure the safety of both the patient and staff;

— Provide training (and education) for technical and junior medical staff.

A practitioner in the field of nuclear medicine must possess a fundamental
knowledge and a training in medicine. In addition they should preferably have a
postgraduate qualification in nuclear medicine.

Most countries in the world at present, especially developing countries,
have no postgraduate training programme for medical doctors in nuclear
medicine.

In order to ensure an adequate nuclear medicine service, those responsible
must recognize the need for well trained and specialized nuclear physicians. The
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authorities in most countries agree that nuclear medicine practice without
qualified and certified medical doctors is ethically and legally questionable.
Training requires the following components:

(a) Trained teachers who are professional nuclear medicine practitioners;
(b) Doctors hoping to pursue a career in nuclear medicine;

(c) An established syllabus;

(d) Mechanisms for the supervision of trainers;

(e) Mechanisms for the supervision and assessment of trainees.

In addition, while some countries may set entry requirements for training,
others may adopt a system of continuous assessment throughout the training
course and/or a final assessment.

Successful trainees are awarded with a final certificate, degree or diploma
that is recognized by the government, local health authority and hospital as an
assurance of specialist competence in nuclear medicine.

2.1.2.  General professional training

Nuclear medicine specialists must have a sound understanding of general
and emergency medicine, including resuscitation, surgery, gynaecology,
paediatrics and psychiatry. Nuclear medicine could be regarded as the last
refuge of the physician in a hospital since all hospital departments seek nuclear
medicine services to a greater or lesser extent.

A general professional training in nuclear medicine is offered to doctors
who have obtained their qualifications and completed a requisite period, usually
of a year, as a medical or surgical house officer before obtaining registration as
a medical practitioner. This requires a minimum of two years in clinical posts
approved by the national training authority. During this time, the doctor should
be directly involved in patient care and gain broad experience in a variety of
clinical fields. Ideally, at least three quarters of the time spent in such clinical
posts should include experience in the admission and follow-up of acute clinical
emergencies. A minimum of six months of this time should include experience
in ‘unselected emergency care’, i.e. acute medical care covering the breadth of
emergency medicine with an on-call commitment of at least four on-call days
per month. A further six month assignment to a department of radiology is
recommended for nuclear medicine trainees who are not following a career in
radiology.
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2.1.2.1. Entry requirements

A desire to pursue a career in nuclear medicine is essential. Unfortunately,
there is an increasing tendency among national authorities to set very specific,
narrow and even discriminatory requirements for entry into particular
specialties. It is recommended that there should be a final examination to ensure
that candidates have adequate knowledge and skills to practice nuclear
medicine.

2.1.2.2. Training paths

The training period for postgraduate nuclear medicine starts four years
after the completion of general medical training, either from an internal
medicine background or following training in diagnostic radiology. Training in
diagnostic radiology usually takes four years, with a fifth year devoted to
specialty training in areas such as magnetic resonance imaging (MRI),
ultrasound, X ray, computed tomography (CT) or nuclear medicine. There
should be a general training in radiology of at least eight weeks during the four
year period. If a radiologist wishes to undertake only imaging in nuclear
medicine, then the fifth year of specialist training in nuclear medicine may be
sufficient, providing a subspecialty training in radionuclide radiology, following
the United Kingdom (UK) example. However, if a radiologist who has
completed a four year general radiology training to certification level wishes to
undertake further training in nuclear medicine to certification level, then a two
year period of specialist nuclear medicine training that must include radionu-
clide therapy is recommended.

2.1.2.3. Requirements for training

The national health authority (NHA) in each country is responsible for
the training of medical specialists. The NHA may devolve this responsibility to
specialist societies such as a recognized College of Physicians or Radiologists
and/or to a university. The responsible training body is required to set standards
both for training and for the supervision of trainees. As a minimum
requirement, officials from the training body should visit centres of specialist
training in nuclear medicine to ensure the availability of trained professionals in
nuclear medicine. These visits should also determine whether the resources and
equipment satisfy the requirements of the training programme, and that trainees
have sufficient space in which to work as well as access to information on web
sites and in libraries. It is also important to ensure the availability of funding for
accommodation, subsistence and the purchase of books, to be provided by the
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earnings from a part-time or full-time clinical post or on the basis of a govern-
mental grant. Where the above conditions cannot be met by a national
authority, consideration should be given to sending the trainees to a centre
outside the country, for example by studying for an academic degree in nuclear
medicine at a recognized institute abroad. Upon a trainee’s return from a period
of specialized study abroad, it is the responsibility of the NHA to ensure that the
trainee is employed in a field that makes best use of his or her newly acquired
knowledge.

2.1.2.4. Assessment of trainees

Each training programme should contain a standard against which the
progress of the trainee can be assessed for each element of the syllabus. The
assessor should preferably be external to the department that is providing the
training, such as a postgraduate dean, a consultant in nuclear medicine from
another hospital or other senior person. The assessment may take the form of an
interview, a written paper, an essay, a set of multiple choice questions, or an oral
examination of displayed images of various nuclear medicine techniques in
clinical practice. Continuous assessment is another alternative. Each end of year
assessment should carry a score that indicates how the candidate has progressed
against the set target.

2.1.2.5. Syllabus
This section provides an indication of training for each of the four years:

Year 1
(a) Scientific principles:

— Basic physics and mathematics;

— Instrumentation;

— Principles of computing;

— Basic radiation biology and radiation protection;

— Basic radiopharmacy and radiochemistry;
— Principles of tracer technology.

13
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(b) Clinical nuclear medicine:

— Diagnostic: normal and abnormal appearances of images, mode of
pharmaceutical uptake; normal variants and common artefacts in bone,
heart, lung, kidney, brain, thyroid, tumour and infection images.

— Therapeutic: basic principles of radionuclide therapy; treatment of hyper-
thyroidism, thyroid cancer and metastatic bone pain.

— Principles of radiation protection: ALARA (as low as reasonably
achievable), ALARP (as low as reasonably practicable).

Year 2
(a) Requirements of Year 1 in greater depth:

— Tracer Kinetics;

— Computing and image processing;

— Radiobiology including the biological effects of high and low levels of
radiation;

— Linear hypothesis and the threshold hypothesis of the biological response
to low level radiation;

— The effective dose equivalent and the calculation of radiation dose from
radiopharmaceuticals.

(b) Radiopharmacy:

— Properties of commonly used diagnostic and therapeutic radiopharmaceu-
ticals;

— Production of radionuclides by reactors, cyclotrons and radionuclide
generators;

— Quality assurance and quality control of radiopharmaceuticals.

Year 3
(a) Requirements of Year 2 in greater depth:
— Principles of radiology including dual energy X ray absorption (DEXA),
ultrasound, CT and MRI imaging;

— Co-location of nuclear medicine images and those from other imaging
techniques;
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— Special diagnostic investigations in cardiology, lung disease, gastro-
enterology, hepatobiliary diseases, nephro-urology, neurology and
psychiatry, endocrinology, haematology, oncology and infection.

(b) Therapeutic applications:

— Treatment of bone metastases, neural crest tumours, polycythaemia and
solid malignancies;

— Use of radionuclide monoclonal antibodies and radionuclide labelled
peptides for tumour therapy.

Year 4
Further practice and experience of techniques learned in years 1-3:

— Legal and regulatory requirements;

— Audit;

— Departmental and hospital management;
— Research techniques and evaluation;

— Teaching and training.

2.1.2.6. Practical training

Postgraduate trainees are obliged to play an active in-service role in the
practice of nuclear medicine in order to familiarize themselves with all the
techniques required of a nuclear medicine practitioner, such as:

(a) Protocols of in vivo and therapeutic procedures;

(b) Data acquisition and processing with various types of equipment, quality
control of instruments and labelled agents;

(c) Interventional procedures, including physiological, pharmacological and
mental stress related for diagnostic applications, and all therapeutic inter-
ventions;

(d) Invitro protocols and procedures, if appropriate.

2.1.2.7. Arrangements

The aim of postgraduate training is for trainees to attain a sufficiently high
standard of theoretical and practical learning to qualify as a nuclear physician.
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The minimum time requirement for postgraduate training is highly
dependent on regulations in force in each country. Generally a course length of
four years is desired. The teaching schedule given in Table 2.1 is recommended.

TABLE 2.1. SUGGESTED SCHEDULE FOR POSTGRADUATE

TRAINING

Subject Duration

(h)

Suggested
content of teaching

Recommended
practice and time period

Nuclear physics 40

Reactor 20
cyclotron
generators

Radiochemistry 40

Radiobiology 60

Instrumentation 50

Related fields 100

Decay features, spectra,
radiation hygiene, dosimetry

Radioisotope production and
detection

Labelling, technical design
and quality control,
interaction and kinetics

Dosimetry, bio-modelling,
tracer technology and
radiation protection

Scintillating cameras,
SPECT?, imaging procedures
and computers

Medical imaging modalities,
epidemiology and statistics

Clinical use 240-300 Cardiology, neurology,

In vitro use 10
Therapy 60

gastrointestinal (GI) tract,
respiratory system, endocrine
system, bones, haematology,
tumours and infections

RIAP and autoradiography

RIT, palliation and
brachytherapy

Understanding spectra, units of
radiation and monitoring
devices.

Internal distribution of isotopes

Radioisotope identification
(5-74d)

Synthesis, labelling, quality
control and animal tests

(34 weeks)

Dose effect, molecular biology
and radiation injury (4 weeks)

Daily operation and quality
control, troubleshooting
(4 weeks)

Short round (6 weeks)

Clinical practice, image
interpretation, etc.
(12-18 months)

RIA practice (2 weeks)
Ward duties (2-3 months)

a

> RIA, radioimmunoassay.

C
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Since trainees will take on the responsibilities of a nuclear physician, they
must pass a qualifying test that covers both theoretical knowledge and practical
abilities in the daily practice of nuclear medicine. A board or similar form of
authority will award a certificate to successful trainees.

2.1.2.8. Training in research and information retrieval

The following specific elements should be emphasized in the training of
research techniques:

— Research project design;

— Understanding the elements of research that can lead to bias;

— Design of single centre and multicentre trials;

— Analysis of results;

— Statistics for analysing results;

— Parametric and non-parametric methods;

— Requirements for the publication of research;

— Legal and ethical requirements: the local Research Ethics Committee;

— Radioactive material licensing requirements for clinical practice and
research;

— Translation of laboratory work into clinical practice;

— Obtaining information about, and contributing to, evidence based nuclear
medicine;

— The Cochrane library (Update Software, Oxford).

2.1.2.9. Teacher training
The following specific elements should be emphasized:
— General teaching techniques;
— Preparation of teaching materials;
— Use of teaching aids;
— Teaching by example;
— Assessment of trainees;
— Setting of exam questions, particularly of multiple choice questions.

2.1.3. Undergraduate training

Undergraduate training refers to teaching and training that is provided by,
and takes place within, a medical college. While some colleges offer nuclear
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medicine as a subject, most medical schools now provide short courses on
nuclear medicine.

The primary goal of training undergraduates is to introduce them to
various radionuclide diagnostic and therapeutic methods and to give them an
overview of the basic concepts, principles and major clinical applications of the
specialty and its place in medical practice. Undergraduate training provides a
basic understanding of nuclear medicine for all medical staff but is not sufficient
for a qualified practitioner who is going to pursue a career in nuclear medicine.

It is essential that all undergraduate medical students be taught about
radiation. With the increasing use of X rays, CT and MRI in the teaching of
anatomy, there is general recognition of the power of these radiological
techniques. Unfortunately the potential of nuclear medicine in demonstrating
physiology is usually not recognized in the teaching of physiology. Since physics
has been dropped from the curriculum of pre-medical studies in many countries,
an appreciation of the physical properties and biological effects of radiation is
often lacking. This deficiency must be remedied.

Regulations concerning the protection of the patient from ionizing
radiation means that qualified doctors must undergo some form of radiation
protection instruction or course in order to practise in their particular field:
cardiologists, in the screening of pacemaker wire; orthopaedic surgeons, in
X raying the hip during the introduction of a prosthesis; ward medical staff, in
injecting radiopharmaceuticals. Ideally, this certification of competence should
be obtained during undergraduate training rather than during the period of
clinical experience. In any event, the theoretical part should be made mandatory
even if the practical instruction is at postgraduate level.

2.1.3.1. Syllabus
The scope of undergraduate training should cover:
(a) An introduction to nuclear physics:
— Basic physics (alpha, beta and gamma rays; photons, electrons and
positrons);
— Basic units, such as uCi, MBq, rad, gray and sievert.
(b) Natural radiation:
Radiation is a natural phenomenon and like every natural phenomenon

can be beneficial or detrimental. All physical processes have advantages
and disadvantages: in the case of electricity one can turn on a light or be
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struck by lightning. Water can be drunk or one can drown in a flood.
Gravity enables one to walk or fall off a cliff. Radiation is the source of
chest X rays and of nuclear fallout.

(c) How toreact in an accidental exposure and in a nuclear accident.
(d) Radiochemistry and tracer technology.
(e) Nuclear medicine and radiological instruments.

— Gamma cameras;
— X ray machines;
—CT;

— MRI.

(f)  Clinical applications and radionuclide therapy:

— The use of nuclear medicine in physiology, clinical practice, endocrinology
and oncology;

— Imaging techniques and image interpretation;

— In vitro studies and sample counting of radioactive specimens;

— Subspecialties (e.g. cardiology).

(g) Radiobiology, radiation dosimetry, safety and protection:

— The biological effects of very low level radiation;
— The linear hypothesis and the threshold hypothesis;
— Understanding the risks of radiation relative to other risks.

The goals and content of training determine the corresponding learning
arrangements. Normally, theoretical teaching should be no less than 30-36 class
hours, plus 10-14 hours of practical training (Table 2.2).

2.1.3.2. Practical training

In order to provide a good training, a medical teaching facility must fulfil
certain basic requirements. For example, it should comprise a full scale nuclear
medicine practice, with qualified, highly experienced medical personnel,
including a medical doctor, radiochemist, medical physicist and a group of
technologists or technicians. The facility should also have available a gamma
counter, calibrator, gamma camera and SPECT, and preferably other
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TABLE 2.2. SCHEDULE FOR UNDERGRADUATE MEDICAL
STUDENTS

Recommended
. Classes per Suggested . .
Subject . practice and duration
week (h) content of teaching .
of session (h)
Nuclear physics 4 Atomic configurations and decay Counting (0.5) and
detection assessment (1)
Radiochemistry 2 Labelling, kit, generator, quality Elution of a generator
control, and examples of Tc, I and (0.5)
FDG*
Radiobiology 2 Dosimetry, protection and tracer Dose calibration (0.5)
technology and radiation
protection
Instruments 2 Scintillation cameras, SPECT, Departmental tour (1)
imaging procedures and computers
Clinical use 1420 Cardiology, neurology, GI tract, Clinical practice (4-8)
respiratory system, endocrine system,
bones, haematology, tumours and
infection
In vitro use 2 RIA, autoradiography and samples RIA practice (2)
Therapy 4 RIT, palliation and brachytherapy Ward tour (1)

a

FDG, '*F fluoro-deoxy-glucose.

equipment. The department of nuclear medicine must have a sufficient variety
and quantity of work and services to offer trainees meaningful work experience.
The person(s) in charge of the training should have adequate academic
knowledge as well as teaching experience in nuclear medicine. The facility must
be spacious enough to accommodate all trainees at one time.

It is important to test all trainees before the completion of training. The
test should comprise a series of simple questions on basic concepts, key features
and principles of nuclear medicine, attempting to test the understanding and
knowledge of what students have learnt during their training period.

2.1.4. Sub-specialty training
2.1.4.1. Nuclear cardiology
Nuclear cardiology has been shown to be a cost effective technique for

evaluating patients with suspected coronary artery disease.
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The concept

Nuclear cardiology is a super-specialty in which various techniques of
nuclear medicine are utilized for diagnostic and therapeutic purposes in
cardiology. Only doctors with certification in nuclear medicine are qualified to
enrol for such courses. Training focuses on the mandatory, optional and prefer-
ential techniques and methods in nuclear cardiology, as well as related aspects of
quality assurance.

Scope of training
(a) Theoretical learning includes:

— General anatomy, physiology and pathology;

— Clinical categorization of heart diseases;

— Epidemiology, diagnosis and treatment;

— Fundamental aspects of cardiac nuclear medicine (indications, contra-
indications and limitations).

(b) Practical learning includes:

— Technical considerations;

— Patho-physiological concerns;

— Bias;

— Physical examination;

— Monitoring and managing of medication for patients with heart disease;
— Cardiac resuscitation techniques.

(¢) Related fields:

— Electrophysiology, serum markers and imaging modalities (CT, MRI,
digital subtraction angiography (DSA) and ultrasound);

— Cardiac intervention (surgical, radiological and pharmacological);

— Cardiology, cardiac surgery and paediatric cardiology.

(d) Technical aspects:
— Selection and handling of radiopharmaceuticals and instruments;
— Protocols of acquisition, gating, tomography and stress;

— Data analysis, image interpretation, factors of influence and quality
control;
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— Diagnosis, differentiation and decision making.

A problem arises in reconciling the views of cardiologists who wish to
practice nuclear medicine solely in the form of nuclear cardiology and those of
nuclear medicine specialists who feel that unless a cardiologist has received full
training in nuclear medicine, he or she should not be permitted to practise
nuclear cardiology. Conversely, cardiologists regard the nuclear medicine practi-
tioner undertaking cardiological investigations, particularly stress testing of
patients at risk, as having neither adequate cardiological training nor the under-
standing necessary to perform such studies safely and interpret their results
appropriately in the light of echo cardiographic and angiographic findings.

The nuclear medicine community is keen that cardiologists learn nuclear
medicine techniques, understand their benefits for patients with cardiac disease
and increase the application of these techniques among the population at risk.
On the other hand, the nuclear cardiologist can be regarded as a serious
competitor to the nuclear medicine physician. There is no simple solution to this
problem. In the United States of America (USA) a cardiologist can practise
nuclear cardiology after a three month training period in nuclear medicine. In
Europe, a cardiologist can receive certification to practise nuclear cardiology
only after a full four years of training in nuclear medicine.

Qualifications

A special committee should be responsible for issuing certificates to those
who complete the training and pass the examination. Practical aspects should
play an important role in the examination.

2.1.4.2. Endocrinology
The concept

Nuclear endocrinology is a specialization within nuclear medicine in which
nuclear medicine techniques are utilized for diagnostic and therapeutic
purposes for patients with abnormal hormone secretion. Only doctors with
certification in nuclear medicine are qualified to enrol for such courses. Trainees
will focus on the mandatory, optional and preferential techniques and methods
in nuclear endocrinology, as well as their related quality assurance aspects.

The most traditional, and one of the most rewarding, aspects of nuclear
medicine is the comprehensive management of the patient with thyroid overac-
tivity and the patient with thyroid cancer.
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The thyroid clinic is the key to thyroid management. Patients with a
diagnosis of probable hyperthyroidism require clinical assessment, a full exami-
nation, blood tests and therapy. Patients should receive counselling on the
effects of the treatment on their spouse, children, relatives and friends. The
management of the administration of radioiodine on an outpatient or inpatient
basis must be conducted in a safe and responsible manner. The continued
follow-up of the patient completes this process. Practice and treatment in a
thyroid clinic can include:

(a) Thyroid cancer:

— Diagnosis;

— Referral for primary surgery;

— Nature of the histology;

— Requirement for lymph node removal;

— Imaging;

— Ablation dose after thyroidectomy and post-ablation imaging;

— Follow-up — the protocol of follow-up with '3 tracer scans, thyroglobulin
assays and of thyroid hormone medication within this monitoring process
needs to be learned and incorporated into the practice guidelines.

(b) Adrenal medulla and related neural crest tumours:

Paraganglioma, malignant paraganglioma, ganglioblastoma and neuro-
blastoma may all be detected with '**I or *'T meta-iodo-benzyl-guanidine
(MIBG). The indications for diagnosis, patient management, the use of *'I
MIBG in therapy and the follow-up of patients are part of specialist
nuclear endocrinology.

(¢) The adrenal cortex:
Imaging with radiolabelled cholesterol now has few indications in Conn’s
and Cushing’s syndromes and is infrequently used; this type of imaging is
mainly used to help determine the nature of adrenal masses found inciden-
tally on X ray, CT or MRI images, and thus called ‘incidentaloma’.

(d) Parathyroid imaging:

There is a specialized test with specific indication, technique and interpre-
tation.
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(e) Diabetes mellitus:

Nuclear medicine techniques are used to identify the complications of
diabetes involving the heart, kidneys, brain and peripheral circulation.

(f)  Sexual function:

Both impotence and infertility can be investigated by specialist nuclear
medicine techniques.

Scope of training
(a) Theoretical learning includes:

— Anatomy, physiology and pathology of the endocrine glands;

— Clinical categorization of hormone secretion diseases;

— Epidemiology;

— Diagnosis and treatment;

— Fundamental aspects of scanning each abnormal gland (indications,
contraindications and limitations).

(b) Practical learning includes:

— Technical considerations;

— Patho-physiological concerns;

— Physical examinations;

— Monitoring and management of heart disease and patient’s medication;
— Intervention techniques used in endocrine nuclear medicine.

(¢) Related fields:
— Hormone detection and laboratory measurements;
— Modes of imaging (CT, MRI, DSA and ultrasound);
— Medical intervention and interaction in endocrinology;
— Cardiology, gynaecology, paediatrics and nutrition.

(d) Technical aspects:

— Selection and handling of radiopharmaceuticals and instruments;
— Protocols of acquisition, tomography, pharmacology and hormonal stress;
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— Data analysis, image interpretation, factors of influence, quality assurance
and quality control;
— Diagnosis, differentiation and decision making.

Qualifications

A special committee should be responsible for issuing certificates to those
who complete the training and pass the examination. Practical aspects should
play an important role in the examination.

2.1.4.3. Nuclear oncology
The concept

Nuclear oncology is a specialization within oncology in which nuclear
medicine techniques are utilized for diagnostic and therapeutic purposes. Only
doctors with certification in nuclear medicine are qualified to enrol for such a
course. The trainees focus on the mandatory, optional and preferential
techniques and methods in nuclear oncology, as well as their related quality
assurance aspects.

Scope of training
(a) Theoretical learning includes:

— General anatomy, physiology and pathology of the body;

— Pathological categorization;

— Clinical stages of tumours;

— Epidemiology;

— Diagnosis and treatment;

— Fundamentals of nuclear medicine in oncology (indications, contraindica-
tions and limitations).

(b) Practical learning includes:

— Technical considerations;

— Patho-physiological concerns;

— Bias;

— Physical examinations;

— Monitoring and managing of patients with tumours;

— Histological and cytological techniques used in oncology.
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(c) Related fields:

— Histology, cytology, serum markers and imaging modalities (CT, MRI,
DSA and ultrasound);

— Tumour treatment (surgical, radiological and pharmacological);

— Biology, molecular biology, general surgery, chemotherapy and radio-
therapy.

(d) Technical aspects:

— Selection and handling of radiopharmaceuticals and instruments;
— Protocols of targeting, acquisition and tomography;

— Data analysis, image interpretation and factors of influence;

— Quality assurance and quality control;

— Diagnosis, differentiation and decision making.

Specific elements

Training in nuclear oncology requires an understanding of the following
factors:

(a) The nature of cancer, including receptor binding, signal transduction,
oncogenes and anti-oncogenes, apoptosis and the effect of radiation on
normal and on cancer cells.

(b) The detection of cancer by imaging techniques, ranging from the non-
specific to the cancer specific.

(c) Techniques that are designed to image a lesion with high sensitivity, but
low or context dependent specificity. An example is the ‘catch all’
approach of bone scans, “’Ga citrate scans and positron emission
tomography (PET) with ®F fluoro-deoxy-glucose (FDG).

(d) Imaging techniques with good sensitivity and moderate specificity, such as
those using 2"'Tl, *™Tc methoxy-isobutyl-isonitrile (MIBI) and tetro-
fosmin.

(e) The use of peptides, such as '"'In octreotide and its derivatives, in
diagnosis.

(f) The use of radiolabelled monoclonal antibodies in imaging.

(g) The advantages and disadvantages of PET.

(h) The use of radiolabelled peptides, antibodies and chemical agents.

(i) The rules for interpretation of radiopeptide scintigraphy and
radioimmuno-scintigraphy.
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These techniques can all be applied to the detection, staging and
evaluation of recurrent diseases. They can contribute to their prognosis, and
help provide information regarding the response to treatment.

Qualifications

A special committee should be responsible for issuing certificates to those
who complete the training course and pass the examination. Practical aspects
should play an important role in the examination.

2.1.4.4. Unsealed radionuclide therapy
The concept

Therapeutic nuclear medicine is a specialization within cancer therapy in
which specific nuclear medicine techniques and significant amounts of radio-
pharmaceuticals are utilized to treat benign and malignant diseases. Only
doctors with certification in nuclear medicine are qualified to enrol in such
courses. Trainees focus on the mandatory, optional and preferential techniques
and methods in nuclear medicine therapy, as well as the related quality
assurance aspects.

Scope of training
(a) Theoretical learning includes:

— Theory, principles and physiological foundations of nuclide therapy;

— Radiobiology, dosimetry and radiation safety;

— Patient care;

— Handling of waste;

— Fundamental aspects of cardiac nuclear medicine (indications, contra-
indications and limitations).

(b) Practical learning includes:

— Technical considerations;

— Radiation protection;

— Dosimetry concerns;

— Bias;

— Physical measurements, monitoring and managing of medication for
radionuclide treated patients;
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— Surgical and biological techniques used in emergency situations.
(c) Related fields:

— Other therapeutic modalities (medication, chemotherapy and inter-
vention);

— Treatment enhancement-reduction methods (surgical, biological and
pharmacological);

— Nuclear physics, radiochemistry and emergency medicine;

— Terminal medical care.

(d) Technical aspects:

— The selection and handling of radiopharmaceuticals, patients, instruments
and waste;

— Protocols of patient preparation, therapy planning and administration;

— Drug dosage estimation, monitoring, quality assurance and quality
control;

— Long term follow-up with treatment side effect management.

Specific elements

The understanding of the following factors is also highlighted in radio-
nuclide training:

— The use of *'T in thyroid cancer;

— The use of BT MIBG in neural crest tumours;

— The use of *Y octreotide analogues in the treatment of neuroendocrine
tumours;

— The use of bone seeking, beta emitting radiopharmaceuticals in the
treatment of bone metastases;

— The use of radiolabelled lipiodol, particles and colloids in the treatment of
liver cancer;

— The use of direct injection of radionuclide therapy agents into brain
tumours and other tumour sites;

— Ethical considerations for protection in radiation treatments and patient
information related to radionuclide therapy issues;

— Clinical interactions with medical and clinical oncologists, radiotherapists
and radiologists using MRI, X ray, CT and ultrasound techniques for
cancer diagnosis and staging, evaluation of therapy and detection of recur-
rences;
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— Ward supervision and interaction with nursing staff;
— The cancer therapy team.

Qualifications

A special committee should be responsible for issuing certificates to those
who complete the training and pass the examination. Practical aspects should
play an important role in the examination.

2.1.4.5. Nuclear neurology
The concept

Nuclear neurology is a specialization within neurology in which various
nuclear medicine techniques are utilized for purposes of diagnosis and investi-
gation. Only doctors with certification in nuclear medicine are qualified to enrol
on such courses. Trainees focus on the mandatory, optional and preferential
techniques and methods in nuclear neurology, as well as their related quality
assurance aspects.

Scope of training
(a) Theoretical learning includes:

— Anatomy, physiology and pathology of the central nervous system (CNS);

— Categorization of neural and psychiatric disorders;

— Epidemiology, diagnosis and treatment;

— Fundamental neurological nuclear medicine (indications, contraindica-
tions and limitations).

(b) Practical learning includes:

— Technical considerations and patho-physiological concerns and bias;

— Physical examinations;

— Monitoring and management of medication of patients with neuro-
psychological disease;

— Intervention and surgical techniques used in neurology and neurosurgery.
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(c) Related fields:

— Electrophysiology, laboratory measurements and imaging modalities (CT,
MRI, DSA and ultrasound);

— Two dimensional (2-D) and three dimensional (3-D) coordination systems
for the brain (e.g. that of Talairach) and image fusion;

— Functional aspects of the brain, cerebellum and spinal cord.

(d) Technical aspects:

— Selection and handling of radiopharmaceuticals and instruments;
— Protocols of acquisition, tomography and intervention;

— Data analysis, image interpretation and factors of influence;

— Quality assurance and quality control;

— Differential diagnosis and decision making.

Qualifications

A special committee should be responsible for issuing certificates to those
who complete the training and pass the examination. Practical aspects should
play an important role in the examination.
2.1.4.6. Nuclear nephro-urology
The concept

Nuclear nephro-urology is a specialization within genito-urinary medicine
in which various nuclear medicine techniques are utilized for the purposes of
diagnosis and therapy in the genital and urological systems. Only doctors with
certification in nuclear medicine are qualified to enrol in such courses. Trainees
focus on the mandatory, optional and preferential techniques and methods in
nuclear urology, as well as their related quality assurance aspects.
Scope of training
(a) Theoretical learning includes:

— Anatomy, physiology and pathology of the genito-urinary system;

— Clinical categorization of genital and renal diseases, and epidemiology;
— Diagnosis and treatment;
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— Fundamental aspects of nuclear medicine (indications, contraindications
and limitations).

(b) Practical learning includes:

— Technical considerations and patho-physiological concerns;

— Bias;

— Physical examinations;

— Monitoring and management of medication and manipulation for kidney
and genito-urinary tract disease, including management of dialysis and
transplant patients.

(c) Related fields:

— Pathology, laboratory measurements and imaging modalities (CT, MRI,
DSA and ultrasound);

— Renal intervention (surgical, radiological and pharmacological);

— Immunology, endocrinology, gynaecology and paediatrics.

(d) Technical aspects:

— Selection and handling of radiopharmaceuticals and instruments;

— Protocols of dynamic and static image acquisition, tomography and inter-
vention;

— Data analysis, image interpretation, factors of influence, quality assurance
and quality control;

— Differential diagnosis and decision making.

Qualifications

A special committee should be responsible for issuing certificates to those
who complete the training and pass the examination. Practical aspects should
play an important role in the examination.
2.1.4.7. Respiratory medicine
The concept

Nuclear medicine is frequently used as a specialization within respiratory

medicine for diagnostic and therapeutic purposes in lung and respiratory
diseases. Only doctors with certification in nuclear medicine are qualified to
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enrol in such courses. Trainees will focus on the mandatory, optional and prefer-
ential nuclear technology techniques and methods used in this field, as well as
their related quality assurance aspects.

Scope of training
(a) Theoretical learning includes:

— Anatomy, physiology and pathology of the lungs and the respiratory tract;

— Clinical categorization of pulmonary diseases;

— Epidemiology, diagnosis and treatment;

— Fundamental aspects of nuclear medicine (indications, contraindications
and limitations).

(b) Practical learning includes:

— Technical considerations and patho-physiological concerns;

— Bias;

— Physical examination, monitoring and management of medication for
patients with lung disease;

— Techniques used in lung—cardiac resuscitation.

(¢) Related fields:

— Ventilation/non-ventilation functions;

— Laboratory measurements and imaging modalities (CT, MRI, DSA and
ultrasound);

— Therapies for lung and respiratory diseases (surgical, radiological and
pharmacological);

— Cardiology and thoracic surgery.

(d) Technical aspects:

— Selection and handling of radiopharmaceuticals and instruments;

— Protocols of acquisition, gating and tomography;

— Data analysis, image interpretation, factors of influence, quality assurance
and quality control;

— Differential diagnosis and decision making.
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Qualifications

A special committee should be responsible for issuing certificates to those
who complete the training and pass the examination. Practical aspects should
play an important role in the examination.

2.1.4.8. Gastro-intestinal nuclear medicine
The concept

The application of nuclear medicine to the digestive system involves many
areas of specialization in which various nuclear medicine techniques are used
for diagnostic and therapeutic purposes in the treatment of hepatobiliary,
pancreatic, oesophageal, gastric, intestinal and colon disease. Only doctors with
certification in nuclear medicine are qualified to enrol in such courses. Trainees
will focus on the mandatory, optional and preferential techniques and methods
in nuclear medicine, as well as their related quality assurance aspects.

Scope of training
(a) Theoretical learning includes:

— Anatomy, physiology and pathology of digestive organs and tracts;

— Clinical categorization of diseases;

— Epidemiology, diagnosis and treatment;

— Fundamental aspects of each subspecialty (indications, contraindications
and limitations).

(b) Practical learning includes:

— Technical considerations and patho-physiological concerns;
— Bias;

— Physical examinations;

— Monitoring and management of medications;

— Surgical techniques used in these cases.

(¢) Related fields:
— Laboratory measurements and imaging modalities (CT, MRI, DSA and

ultrasound);
— Various forms of intervention (radiological and pharmacological);

33



CHAPTER 2. HUMAN RESOURCE DEVELOPMENT

— Endocrinology, oncology, hepatobiliary surgery and paediatrics.
(d) Technical aspects:

— Selection and handling of radiopharmaceuticals and instruments;

— Protocols of acquisition, dynamic images and tomography;

— Data analysis, image interpretation, factors of influence, quality assurance
and quality control;

— Diagnosis, differentiation and decision making.

Qualifications

A special committee should be responsible for issuing certificates to those
who complete the training and pass the examination. Practical aspects should
play an important role in the examination.

2.1.4.9. Orthopaedic nuclear medicine
The concept

Nuclear medicine is widely used in the diagnosis and therapeutic
monitoring of abnormalities in bones, joints and muscles. Only doctors with
certification in nuclear medicine are qualified to enrol in such courses. Trainees
will focus on the mandatory, optional and preferential techniques and methods
in the skeletal and muscular systems, as well as their related quality assurance
aspects.

Scope of training
(a) Theoretical learning includes:
— Anatomy, physiology and pathology of the skeletal and muscular systems;
— Clinical categorization of abnormalities and epidemiology;
— Diagnosis and treatment;
— Fundamental aspects of nuclear medicine (indications, contraindications
and limitations).
(b) Practical learning includes:
— Technical considerations and patho-physiological concerns;

— Bias;
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— Physical examination;
— Monitoring and management of bone, joint and muscle diseases;
— Radiation synovectomy.

(¢) Related fields:

— Pathology, laboratory measurements and imaging modalities (CT, MRI,
DSA and ultrasound);

— Sports and gymnastics medicine;

— Oncology.

(d) Technical aspects:
— Selection and handling of radiopharmaceuticals and instruments;
— Protocols of acquisition and tomographys;
— Data analysis, image interpretation, factors of influence, quality assurance
and quality control;
— Differential diagnosis and decision making.
Qualifications
A special committee should be responsible for issuing certificates to those
who complete the training and pass the examination. Practical aspects should
play an important role in the examination.
2.1.4.10. Nuclear haematology and infective diseases
The concept
Nuclear medicine can be used to diagnose and monitor patients with
haematological and/or infective disorders. Only doctors with certification in
nuclear medicine are qualified to enrol in such courses. Trainees will focus on
the mandatory, optional and preferential techniques and methods used in this
field, as well as their related quality assurance aspects.
Scope of training
(a) Theoretical learning includes:
— Physiology and pathology of blood production;

— Clinical categorization of blood disease and epidemiology;
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— Diagnosis and treatment;
— Fundamental aspects of nuclear medicine (indications, contraindications
and limitations).

(b) Practical learning includes:

— Technical considerations and patho-physiological concerns;

— Bias;

— Physical examinations;

— Monitoring and management of patients with blood diseases;

— Techniques used in blood disease testing;

— The use of P-32 in haematological and myeloproliferative disorders;
— The use of inflammation, disease and infection specific agents.

(¢) Related fields:

— Biochemistry, laboratory and imaging modalities (CT, MRI, DSA and
ultrasound);

— Chemotherapy and intervention (surgical, radiological and pharmaco-
logical);

— Oncology, immunology and nutrition.

(d) Technical aspects:

— Selection and handling of radiopharmaceuticals and instruments;

— Protocols of acquisition and tomographys;

— Data analysis, image interpretation, factors of influence, quality assurance
and quality control;

— Differential diagnosis and decision making.

Qualifications
A special committee should be responsible for issuing certificates to those

who complete the training and pass the examination. Practical aspects should
play an important role in the examination.
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2.2. TRAINING OF NUCLEAR MEDICINE TECHNOLOGISTS
2.2.1. Introduction

The nuclear medicine technologist plays a critical role in the routine
practice of nuclear medicine, since the quality of work and care taken during
diagnostic studies determines the ultimate diagnostic capability of the test being
performed. In many countries, the importance of training technologists has been
poorly understood, and consequently the professional development of this
group has lagged behind that of others. As a result, there are many technologists
working in nuclear medicine who have had little or no formal training. Both the
availability and the role of technologists vary considerably from country to
country. Recent IAEA projects have placed greater emphasis on the training of
technologists, and the development of materials that can be used for vocational
training may assist in encouraging the adoption of a basic level of training for all
technologists. As nuclear medicine expands, there is a greater need to formalize
training programmes in each country.

2.2.2.  Role of the nuclear medicine technologist

The primary role of the nuclear medicine technologist is to perform
diagnostic studies. Ideally, this involves understanding the overall procedure
and taking responsibility for all aspects of the study (except for clinical interpre-
tation). The breadth of responsibility varies in different countries, with an
overlap of responsibilities between different professional groups (e.g. nurses
and scientists), depending on resources. Where comprehensive training is estab-
lished, the tasks undertaken by a technologist are likely to include the following:

— Dose calibration;

— Radiopharmaceutical preparation and quality control (subject to local
legislation);

— Patient preparation;

— Image acquisition;

— Full study analysis;

— Electronic display of data and hard copy;

— Routine instrument quality control.

Technologists are also likely to have responsibilities in management
(personnel and data), teaching and research. Although, in several countries,
they may have only a very specific repetitive duty to perform, the trend is for
technologists to take on overall responsibility for the execution of studies.
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Involvement in the whole procedure and awareness of the outcome is
important, providing not only a better appreciation of appropriate quality
assurance but also improved job satisfaction. There is often confusion between
the terms ‘technologist’ and ‘technician’. In this manual the term technologist
will be reserved for persons who have direct contact with patients and fulfil the
roles outlined above; the term technician will be reserved for individuals who
undertake maintenance of instrumentation or work in laboratories.

2.2.3.  General education of nuclear medicine technologists

In many countries, the lack of structured training has resulted in the
employment of a broad range of individuals, from elementary school leavers to
science graduates. It has recently been suggested that the minimum level of
education should be at school higher certificate level (equivalent to the entry
level for tertiary education and usually taken at 18 years of age). In many
countries, technologists enter the field after completion of a tertiary course in a
different medical specialty (e.g. radiography, nursing or medical laboratory
technology), and such courses, even without any formal nuclear medicine
component, provide useful background knowledge. In some cases, graduates in
general science are employed. They are usually well equipped to deal with the
technical component of the work, but will normally require additional courses in
relevant medically oriented subjects. It should be noted that full-time academic
courses in nuclear medicine technology, as now commonly offered, tend to
include a range of subjects that broaden the education of students (e.g. business
management and behavioural science) rather than being merely vocationally
based. What needs to be recognized is that, in order to fulfil their role, technol-
ogists require a reasonable educational background.

2.24. Specific nuclear medicine courses

In many countries where nuclear medicine has developed to the stage of
there being a continuous demand for nuclear medicine technologists, specific
courses have been established. These vary from country to country and
generally include the following options:

(a) Full-time certificate, diploma or degree courses specifically for nuclear
medicine;

(b) Courses designed to provide training in diagnostic imaging (radiography)
that contain a significant component of nuclear medicine;
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(c) Bridging courses intended to provide a suitable pathway from other disci-
plines;
(d) Short postgraduate courses.

The establishment of these courses has usually evolved over several years,
driven by continual growth in the field. Usually the development span has
evolved by the introduction of part-time certificate courses that eventually
become full degree courses. Accompanying this development has been the
establishment of professional societies specifically for technologists as well as
the growing representation of technologists in more general societies. Never-
theless, in many countries the establishment of specialized courses and
development of the profession has been slow. The difficulty is that there needs
to be a critical mass of persons able to teach nuclear medicine and a definite
demand for new employees before courses can be justified. Most persons who
are qualified to teach are already working full-time in the clinical practice of
nuclear medicine, and have little time available for teaching. Furthermore, small
clinical departments are often geographically remote from established centres,
and it may not be practical for students to attend formal lectures. Student
numbers tend to be small given a relatively slow turnover of staff in established
departments. In many countries, nuclear medicine has developed without the
establishment of specialized courses, with new technologists simply gaining
experience on the job. As a result, a large number of working technologists have
not received any formal training in nuclear medicine.

2.2.5. Vocational training

Most nuclear medicine courses include some component of hospital
experience where technologists can supplement theory with practical
experience. Such experience is normally considered to be an essential
component of technologist training, even where full-time degree courses exist.
As indicated earlier, many technologists simply train on the job, without any
formal course work, and seldom with any formal approach to their training.
Short courses on relevant subjects are sometimes included (e.g. on radiation
safety). Most IAEA activities tend to support vocational training, either by the
provision of fellowships for experience in more advanced departments or by
offering short training courses or workshops, which tend to focus on specific
practical areas of nuclear medicine.

One particular IAEA project that deserves mention is the Distance
Assisted Training programme, intended primarily for technologists who are
working full-time. The project, originally funded by the Australian government,
has involved the development of teaching materials that, while outlining basic
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but essential theory, still emphasize practical aspects and encourage students to
find out how to apply the principles involved to their own departments. The
coverage is comprehensive and involves around 500 hours of study. The project
was initiated with a small group of students in Asia but now involves a sizeable
number there, as well as sister projects that have been established in Africa and
Latin America. The programme offers an opportunity for students living far
away from teaching centres to undertake formal training, while also
encouraging countries to establish their own training programmes. The material
is proving useful as a general teaching resource and is being translated into
several languages (including French and Spanish).

2.2.6. Accreditation and licensing

An important component of professional development has been the estab-
lishment of mechanisms for recognizing competence in nuclear medicine,
usually involving the relevant professional society or licensing body. Accredi-
tation usually involves the establishment of a specific syllabus, with the
assessment of available courses, inclusion of a period of practical experience in
approved departments and possibly examination. At the stage of writing, there
is no international consensus on the requirements for accreditation. An
important consideration in the ongoing discussion is the recognition that not all
countries can realistically achieve the same standard of training at this time; a
two tier system would seem appropriate.

2.2.77.  Suggested syllabus for training of nuclear medicine technologists

The following syllabus provides examples of the topics that should be
included in training programmes for nuclear medicine technologists. It includes
topics that are covered in the IAEA distance assisted training project:

(a) Basic nuclear physics — radioactive decay and interaction of radiation
with matter.

(b) Introduction to radiopharmacy — basic principles and definitions and
basic quality control.

(c) Safe handling of radionuclides — hazards of radiation, safety procedures
and dealing with spills.

(d) Nuclear medicine instrumentation — dose calibrators, survey meters,
probes, gamma cameras and basic quality control.

(e) Computers in nuclear medicine — interfaces with gamma cameras and
general processing.
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(f) Introduction to anatomy and physiology — general body systems and
blood supply.

(g) Introduction to human behaviour — patient communication and handling,

(h) Applications of nuclear medicine in thyroid, liver, gastro-intestinal tract,
kidneys, heart, lungs, brain and bones, in tumour imaging and in infections:
— Anatomy, physiology and typical patient presentation;
— Radionuclides and mechanisms of uptake;
— Procedures specific to application;
— Protocol development.

(i) SPECT physics and applications — filtering, reconstruction, brain SPECT
and cardiac perfusion SPECT.

2.2.8. Summary

The nuclear medicine technologist is an important member of the nuclear
medicine team and has a crucial role to play in ensuring that studies are
carefully executed, with attention given to overall quality. With appropriate
training, the technologist can accept responsibility for the routine clinical work
and can assist with other tasks, including departmental management, research
and teaching. The adoption of formal training programmes and recognition of
qualifications by relevant national bodies will encourage the professional
development of the group.

2.3. TRAINING IN RADIOPHARMACY
2.3.1. Introduction

Radiopharmacy is an essential and integral part of all nuclear medicine
facilities. In practice, it is apparent that the preparation of radiopharmaceuticals
is performed in a wide range of disciplines. Although pharmaceutical expertise
is essential, the process is not always managed or performed by a pharmacist,
which, although desirable, is not necessarily achievable. Standards of practice
need to be consistently high, irrespective of the background of the staff
performing the process.

Training should be adapted to the background and level of expertise of the
trainees in order to ensure that they have the necessary grounding in those
aspects of radiopharmacy relevant to their intended role. The pharmacist or
person managing the preparation of radiopharmaceuticals needs to be able to
demonstrate a thorough knowledge of all areas of the specialty. In addition,
training in radiopharmacy should be a separate, required section or subject for:
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— The nuclear medicine physician;
— The nuclear medicine technologist;
— Other professional and technical staff.

Staff selected for training in radiopharmacy should demonstrate:

— Orderly work;

— Conscientiousness;

— Ability to function well under pressure;
— Responsibility.

Since work in the radiopharmacy commences before activities in the rest
of the department, staff should be capable of working effectively at the start of
the day.

Training should include, but not be limited to, aspects of:

— Radiation safety and hygiene;

— Pharmaceutical technology and aseptic techniques;

— Radiochemistry, and preparation of radionuclides and radiopharmaceu-
tical compounds;

— The use of radiopharmaceuticals;

— Quality control and record keeping;

— Adverse reactions;

— Factors affecting biodistributions.

Training should be conducted by a competent person with access to
adequate facilities to cover all the aspects required.

2.3.2.  Postgraduate syllabus for radiopharmacists and radiopharmaceutical
chemists

Although a consensus has not been reached on what is required to qualify
as a recognized radiopharmacist or a radiopharmaceutical chemist, it is
generally accepted that three years of professional experience working in a
radiopharmaceutical laboratory should be part of the training requirements.

The programme should consist of four components:

(1) Courses, including practical training as provided by universities;
(2) Three years of on-the-job training in appropriate institutions;
(3) A final examination;

(4) Continuing professional development.
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2.3.3. Recommended course contents
(a) An introduction to the following disciplines:

— Biochemistry;

— Physiology;

— Pharmacology and toxicology;
— Nuclear medicine.

(b) Pharmacy:

— Pharmaceutical technology: good manufacturing practice, quality
assurance, sterile manufacture, aseptic manufacture, parenteral products,
formulation and packaging.

— Pharmaceutical analysis: general methods, quality assurance, quality
control procedures, shelf life, regulations and legal aspects, and marketing
authorizations.

— Responsibilities of personnel.

(c) Radiopharmaceutical chemistry:

— History and physics of radioactivity;

— Properties of carrier-free substances, and separation techniques;

— Production of radionuclides in nuclear reactors and cyclotrons, targetry,
nuclear chemistry and generators;

— Synthesis, purity and stability of labelled compounds and radionuclides,
and radiochemical purity;

— Radionuclides in analytics, autoradiography and the radiotracer principle;

— Criteria for radiopharmaceuticals, legal aspects of good manufacturing
practice and quality control;

— Production of radionuclides;

— Technetium-99m generators, radiopharmaceuticals and kit preparation;

— Other radiometals and radioiodination;

— Cell labelling;

— PET radiopharmaceuticals;

— Animal models and animal protection regulations;

— Radiotracer transport, pharmacokinetics and modelling.
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2.4. TRAINING IN MEDICAL PHYSICS
2.4.1. Introduction

Nuclear medicine remains a highly technical field that not only uses
advanced instrumentation but also applies numerical techniques. The direct use
of unsealed sources of radiation calls for particular attention to radiation safety.
As in the case of the radiopharmacist, the medical physicist is not necessarily
required on a full time basis in small departments but should be available for
consultation. Since the medical physicist’s role is largely advisory and super-
visory, the number of medical physicists working in the field is small. It is
therefore difficult to justify the development of training courses in most
countries. Where medical physics is established as an academic specialty, there
are well developed postgraduate courses, suitable for general training.
Enrolment is, however, expensive so that opportunities for funded attendance
are limited.

2.4.2. The role of the medical physicist

As in the case of other nuclear medicine professionals, the role of the
medical physicist varies from country to country, depending to some extent on
the stage of development of nuclear medicine practice. There is an overlap of
duties with those of other professionals, and in some countries the distinction
between the medical physicist and the technologist is hard to define. The
medical physicist and the technologist in any event work closely together in
many areas.

The physicist is responsible for the following areas:

(a) Radiation safety
The radiation safety officer is normally a trained medical physicist,
although responsibility in a small department may be delegated to another
professional, provided advice can be sought from an available expert.
(b) Specification, acceptance testing and quality control of instrumentation
The medical physicist is normally directly involved in equipment
procurement and takes direct responsibility for acceptance testing and

establishment of routine quality control; in many cases, technologists perform
routine quality control, usually under the supervision of a medical physicist.
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(c) Maintenance of equipment

The medical physicist normally undertakes first line maintenance and
helps to identify and resolve any problems in liaison with the supplier or service
personnel.

(d) Computer system management and support

Increasingly, the medical physicist takes responsibility for overall
computer system management and provides advice on computer use as well as
first line support for application software; in some countries, the medical
physicist is directly involved in routine computer analysis. However, in most
countries this is the responsibility of technologists.

(e) Development and validation of clinical studies

Nuclear medicine is a continually evolving field and functional
information is increasingly obtained from quantitative analysis; the medical
physicist usually works closely with medical staff to provide technical advice
relevant to the execution of studies. Frequently, software needs to be developed
or adapted with the subsequent validation of newly developed procedures.

(f)  Supervision

The medical physicist supervises measurement, dispensing and adminis-
tration of radiopharmaceuticals for therapeutic purposes and is also involved in
radiation safety related to this procedure.
(g) Administration

Most of the above duties involve administrative tasks such as the
preparation of guidelines, record keeping and communication with other profes-
sionals and suppliers; the physicist is usually directly involved in the planning of
facilities, equipment used and procedures.
(h) Teaching and research

Most medical physicists are involved in teaching other professionals (e.g.

in radiation safety and instrument principles); many are actively engaged in
development work or undertake phantom experiments as part of validation
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procedures (applied research) or are involved in clinical research projects (e.g.
data analysis and statistical advice).

2.4.3. General education of medical physicists

A good general education is possibly the most important aspect of a
medical physicist’s training and is a factor that is often underestimated. Most
medical physicists enter the field having completed a degree in physics or a
similar discipline such as engineering or occasionally computer science. The
ability to tackle technical or numerical problems and to apply lateral thinking to
their solution requires an education that includes mathematics and a broad
understanding of technical and scientific principles. The physicist should be
comfortable with advanced mathematical concepts, have experience in
experimental design and scientific methods, and be conversant with applied
statistics, electronic troubleshooting, computer programming and instrument
design. These topics are not normally covered in sufficient depth in the
vocational degrees intended for health professionals such as technologists or
radiographers.

2.4.4. Postgraduate courses

Most specific courses in medical physics are offered at the master’s level
and are intended for individuals who already have a degree in physics. The
content is usually intended to provide an overview of the applications of physics
to medicine and recognizes the fact that most graduates in physics have little or
no background in medicine. Courses therefore usually cover anatomy and
physiology and provide an introduction to other areas of medical science. The
medical physics coverage is often quite broad and includes applications in
therapy and general diagnostic imaging. Bridging the gap between pure physics
and medicine is achievable, whereas providing the necessary mathematical and
scientific background to a non-physics graduate with a background in medical
science would necessitate further undergraduate study in the relevant field.
Most master’s programmes include some component of project work that aims
to develop relevant research skills, while some programmes involve full-time
research only. Few programmes, if any, provide a sufficient amount of practical
experience relevant to the workplace.

2.4.5. Vocational training

The relatively small number of physicists in many countries makes it very
difficult to establish and maintain postgraduate teaching programmes, with the
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result that physicists in most countries train on-the-job. The turnover of
physicists is far lower than that of technologists so that the number of vacancies
cannot even justify broad courses that encompass radiotherapy. This makes it
difficult for a physicist who may be working alone in an institution to gain the
necessary experience by working alongside nuclear medicine technologists.
There are no established guidelines for training in nuclear medicine physics. In
the case of other professionals, the IAEA provides mechanisms for vocational
training through fellowship programmes or short courses and workshops. Short,
focused, courses in fields such as radiation safety can be quite effective, as can
workshops on quality control or specific computer skills. However, the nature of
the work, which is often advisory or developmental rather than involving
routine activities, can be difficult to learn in a short attachment since the exact
role of the physicist and the equipment can vary considerably between
individual departments. Of paramount importance is the physicist’s general
education as well as his or her ability to find out and synthesize information
when required, and to be aware of the existence of resources. The ability to find
solutions from first principles, when faced with a question, can only develop
with exposure to multiple situations and problems. This normally requires a
relatively long attachment working with experienced staff.

2.4.6. Accreditation and licensing

It is widely recognized that individuals using unsealed sources should be
licensed and should show an understanding of the responsibility that this
involves. Radiation safety officers normally undertake a specific examination to
test their knowledge and practical skills. Specific vocation based accreditation is
uncommon in other areas of nuclear medicine physics. In many cases, profes-
sional societies require their members to have undertaken suitable basic
education with relevant experience in nuclear medicine physics over a number
of years. In some instances, examinations are set to test knowledge specific to
the area of medical physics practised. However, it is the responsibility of the
employing authorities and medical practitioners to assess the relevant training
of medical physicists and to employ only suitably qualified individuals, or to
ensure that suitable training is provided.

2.4.77. Suggested syllabus for the training of medical physicists in nuclear
medicine

(a) Assumed knowledge:

— Applied physics;
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— Applied mathematics and statistics;
— Computer architecture and programming;
— Electronics and instrument design.

(b) General components:

— Basic anatomy and physiology;

— Common disease processes;

— Data and image processing;

— Experimental design, including simulation and modelling.

(c) Specific nuclear medicine components:

— Radiation safety — safety procedures, regulations, radiation surveys,
shielding and exposure calculations, internal dose estimation, decontami-
nation procedures, risks of radiation, waste disposal, limits of intake and
specific procedures for use of unsealed sources;

— Radiation biology — mechanisms of tissue damage and interaction of
radiation with tissue;

— Types of radiation and interaction of radiation with matter — alpha, beta
and gamma radiation, attenuation, scattering and shielding;

— Detection of radiation — types of detector, principles of design and
performance characteristics;

— General principles of tracer studies — radionuclide production, radio-
pharmaceutical design and mechanism of uptake, counting statistics, tracer
dilution theory and in vitro techniques;

— Imaging instrumentation — gamma camera design, collimators, photo-
multiplier tubes, pulse height analysis, correction circuitry, performance
characteristics, acceptance testing and quality control;

— Computers in nuclear medicine — camera—computer interface, display
and processing features, system architecture, networking, file formats, data
transfer and the Picture Archiving and Communication System (PACS);

— Computer processing — specific numerical approaches to nuclear
medicine data, including filtering, convolution and deconvolution, factor
analysis, curve fitting, compartmental analysis and Monte Carlo
techniques;

— Emission tomography — SPECT data acquisition, reconstruction,
acceptance testing and quality control, sources of artefact and correction,
quantification and basic principles of PET;
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— Applications of nuclear medicine — specific goals of radionuclide studies,
protocols for clinical procedures, understanding limitations in clinical
interpretation, and typical artefacts and problems;

— Other imaging modalities — familiarity with X rays (including special
procedures), CT, MRI, ultrasound and intermodality co-registration.

2.4.8. Summary

The medical physicist needs to be a multiskilled individual with an
aptitude for general problem solving and familiarity with a wide range of the
technical aspects of nuclear medicine. These skills require a strong mathe-
matical and scientific foundation. Although postgraduate programmes are
available, they normally require 1-2 years of full-time study and do not
necessarily provide practical experience relevant to the workplace. Estab-
lishment of training programmes is difficult due to the small numbers involved
in many countries. There is scope for improvement of the training available to
medical physicists.

2.5. TRAINING IN NUCLEAR INSTRUMENTATION

In many countries, the service and repair of nuclear medicine equipment is
undertaken by qualified service engineers or technicians employed by the
supplier. Maintenance contracts are strongly recommended, particularly in the
case of gamma cameras, for which maintenance and calibration are highly
specialized procedures. Suppliers should provide specific training on their own
equipment. Spare parts can only be guaranteed where the supplier or manufac-
turer, rather than simply a local agent, continues to be involved. In most cases,
centralized electronic laboratories are equipped to deal with the repair of less
specialized equipment (e.g. counting equipment) that is generally robust and
does not justify dedicated maintenance staff. The local atomic energy authority
can often assist. The IAEA has in the past awarded fellowships and held
workshops to train technicians in some aspects of maintenance, particularly in
projects where refurbished or low cost components were supplied directly by
the IAEA.

In general, routine maintenance is provided by medical physicists, who can
assess problems and, where possible, undertake minor repairs. The medical
physicist should be familiar with the operation of the equipment and understand
the principles of measurement being used in order to diagnose problems
correctly. Direct repairs to electronic equipment now usually involve board
replacement rather than direct circuit troubleshooting.
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Familiarity with the components of personal computers is useful, as
replacement components are inexpensive. Equally important is knowledge of
system software, as many problems are a consequence of the software configu-
ration rather than hardware faults. An understanding of local area networks
(LANSs) is becoming increasingly useful, as interconnection of equipment is
often performed independently of individual suppliers.

2.6. TRAINING IN RADIATION SAFETY AND RADIATION
PROTECTION

2.6.1. Introduction

Training requirements in nuclear medicine depend on whether the target
group comprises technologists, medical staff, nursing staff or physicists. The
training should be sufficient for, and adapted to, their particular needs. In
general, the scope of knowledge required for the various categories of personnel
is as follows.

(a) Technologists:

— Basics of radiation protection;

— Use of monitoring instruments;

— Safe handling of unsealed sources;

— Safe administration of radiopharmaceuticals (diagnostic and therapeutic);
— Waste management;

— Accident procedures and decontamination;

— Radiation during pregnancy.

(b) Medical staff:

— Basics of radiation protection;

— Safe administration of radiopharmaceuticals (diagnostic and therapeutic),
accident procedures and decontamination;

— Radiation during pregnancy.

(¢) Nursing staff:
— Basics of radiation protection (in brief);

— Safe handling of radioactive patients;
— Accident procedures and decontamination.
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TABLE 2.3. IMAGING FACILITIES IN RADIATION SAFETY
TRAINING

Type of centre Techniques employed Radiation exposure
Centres without imaging In vitro Very low
facility
Centres with imaging facility In vivo and in vitro Moderate
Centres with diagnostic Large dose therapy with Moderate to high
imaging and therapeutic beta and gamma emitters
facilities

(d) Physicists:

— All of the above at a higher level;

— Patient dosimetry;

— Safety assessment;

— Local and Basic Safety Standards (BSS) regulatory requirements (see
Bibliography to this section).

Irrespective of the presence of a designated radiation protection officer
(RPO) in the department, physics staff must be able to perform most, if not all,
of the functions of the RPO.

2.6.2.  Training syllabus

The level of training in radiation safety required depends on the type of
facilities available and techniques performed, and may differ considerably
between institutions. The training course for trainers, however, must be of a
consistently high standard.

Table 2.3 shows types of facilities and their appropriate radiation exposure
levels.

Both syllabus and duration of training will depend not only on the target
group (see above) but also on whether the course to be conducted is, for
example, an introductory course, a specialized or customized course, or a course
leading to the award of a degree, diploma or certificate.

The following syllabus outline could be modified according to the target
group and level:
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(a) Theoretical topics:

— Structure of matter;

— Radioactivity and radiation;

— Radiation units;

— Measurement of radiation;

— Sources of radiation, including external-internal and background
radiation;

— Natural and human made radiation sources;

— Biological effects;

— Basics of radiation protection;

— BSS and International Commission on Radiological Protection (ICRP)
recommendations;

— System of dose limitation;

— Radiation hazards in nuclear medicine;

— Shielding design and assessment;

— Handling of unsealed sources;

— Radioactive waste handling;

— Radiation accident procedures;

— Decontamination techniques;

— Personnel instruments, area monitoring instruments and instrumental
techniques;

— Patient dosimetry;

— Dosimetry and advice for pregnant patients;

— Patient advice on breast feeding;

— Transport of radioactive material, both internal and external to the insti-
tution;

— Records required and record keeping;

— Quality assurance;

— Regulatory requirements (local);

— Responsibilities.

(b) Practical topics:

— Radiation measurement;

— Safe handling of unsealed sources;
— Radioactive waste disposal;

— Accident procedures;

— Contamination monitoring;

— Decontamination techniques.
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2.6.3.  Provision of training

In some countries, radiation safety is included in the training of technolo-
gists and nuclear medicine physicians. Depending on their background,
physicists may or may not have had any radiation safety training. Nurses would
rarely receive any.

Where the staff have had no training, there is a variety of options:

— Formal courses offered locally (e.g. by tertiary institutions or the local
atomic energy agency);

— Ad hoc training courses by experienced local persons or under IAEA or
similar sponsorship;

— Distance learning courses offered by various international institutions
(mainly universities) or under IAEA sponsored regional cooperative
agreements;

— Training placements in other, usually foreign, nuclear medicine depart-
ments.

Alternatively, some countries may wish to establish a centre of excellence
with advanced facilities to work as a hub and disseminate learning to an entire
region. Such centres would need support from developed countries and interna-
tional organizations such as the IJAEA. Experts from reputable centres could
also provide training at the local site, depending on its requirements.

BIBLIOGRAPHY TO SECTION 2.6

INTERNATIONAL ATOMIC ENERGY AGENCY, International Basic Safety
Standards for Protection against Ionizing Radiation and for the Safety of Radiation
Sources, IAEA Safety Series No. 115, TAEA, Vienna (1996).

2.77. TRAINING IN MOLECULAR BIOLOGY USING RADIONUCLIDE
METHODS

2.7.1. Introduction

The large spectrum covered by the potential use of molecular techniques,
especially after the advent of the polymerase chain reaction, has led to an
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increased number of requests for training. The use of radionuclides is proposed
in a large variety of molecular biology protocols as they can be easily traced.
The availability of practical ways of detecting the presence of a radionuclide in a
specific molecule (qualitative result) and its potential to be measured (quanti-
tative analysis) are the main reasons why radionuclides are important in
molecular biology.

In the theoretical and practical training in molecular biology techniques
and also in radionuclide handling, some specific points should be considered,
such as the transfer of technology to scientists and technicians from other
research fields (immunology, pathology and microbiology) who are not familiar
with molecular biology and radionuclide techniques, and upgrading the skills of
experienced scientists regarding the use of new protocols in molecular biology.
Thus, training courses should be given at two levels: basic and advanced. If these
aspects are not recognized, there may be a real risk of courses being either too
profound to those who are not familiar with the techniques or very superficial to
others who have these skills already.

2.7.2.  Training courses
2.7.2.1. Selection of the participants

The best way of selecting those who will be attending the training initiative
is to evaluate the previous involvement of the candidate in the course topic.
Sometimes a simple curriculum vitae analysis is not sufficient to determine the
suitability of candidates. Therefore, alternative criteria have to be used in
addition, such as prospective participants supplying a summary of work they
propose doing linked to the training theme and a list of their recent publications.
The candidate should be able to specify the objectives of their project, to detail
the importance of the methodology that will be learnt and how the techniques
will be applied in solving specific problems.

2.7.2.2. Course content

Owing to the complexity of the protocols that are usually carried out in
molecular biology training courses, the trainees should have access to the
theoretical and practical programmes in advance. Distance learning packages
(CDs or other electronically available formats) specifically developed for the
training course and access to an Internet web site showing the guidelines of the
course and the details of the programme are recommended. A list of references
should also be provided.
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During the course, 40% of the time available should be allocated to the
theoretical background and 60% to the performance of experiments and
discussion of the protocols and results. Participants should be informed
beforehand about the possibility of bringing samples, when possible and
allowed, to be tested in the course. Such active participation enhances the self-
involvement of the students. Participants should also be asked to present
ongoing relevant work they are involved with. In addition, they should be asked
beforehand to bring results, if they have any, illustrating the problems they have
experienced and thus be actively involved in the troubleshooting section. This
should be an essential component of any training course.

Special attention should be given to the handling of radioactive material
that will be mostly used in labelling probes or primers for molecular hybridi-
zation or polymerase chain reactions (PCRs). Attention should also be paid to
the handling of biologically hazardous materials, such as live mycobacterium,
HIV samples, ethidium bromide and phenol.

Details of a basic programme of a training course on molecular diagnosis
using radiolabelled DNA probes are given below:

(a) Theoretical background:

— Advantages of using radionuclides in molecular biology.

— Molecular diagnosis — molecular probes; definition of the theoretical
basis of hybridization experiments.

— PCRs.

— Good laboratory practice — handling radioisotopes and bio-safety
measures.

(b) Experiments:

— DNA extraction from biopsies, blood and paraffin embedded tissues.
Different methods of DNA extraction should be used:
e column chromatography using commercial resins;
e phenol-chloroform extraction;
e boiling method after proteinase K digestion.

—PCRs and variations, including RT-PCR and multiplex PCR using
different disease models.

— Agarose and acrylamide gel electrophoresis; Southern and dot blot exper-
iments.

— Radiolabelling of DNA probes.

— Molecular hybridization, including reverse line assays.

— Cloning PCR products, mini-prep preparation and manual sequencing.
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— PCRs, restriction enzyme digestion and restriction fragment length
polymorphism (RFLP) for typing.

— Secondary structural content prediction (SSCP) and other tests for finding
mutations.

One point that needs to be emphasized in the course is the handling of
radioactive material and disposable waste.
Certain precautions should be taken, such as the following:

— The laboratory in which hybridizations are performed should be visibly
marked with the radiation symbol and a warning of the radioactive
material in use within.

— Bench-tops and surfaces where radioactive materials are to be used should
be covered with absorbent paper.

— Work should be conducted in a paper lined tray to contain spills and
behind an acrylic protection shield.

— Participants should wear laboratory coats, protective glasses and
disposable gloves when handling radioactive materials.

— Hands and laboratory working areas should be frequently monitored
using a suitable radiation survey instrument, such as a Geiger—Miiller
counter.

— A microcentrifuge should be exclusively dedicated to the centrifugation of
radioactive materials.

— Labelled probes can be stored at —20°C in appropriate acrylic boxes.

— Solid and liquid waste from hybridization experiments and from the first
washing procedure should be stored in order to allow activity to decay.

— Containers should be labelled and records should be kept to determine
when the material is suitable for release as normal waste.

— The storage area should be used solely for radioactive waste.

— A decay storage period of ten half-lives will reduce the level of the initial
radioactivity to one thousandth of the level of the original radioactivity.

— ‘Delay to decay’ is the preferred waste management option, both environ-
mentally and economically, whenever possible.

— Low activity liquid waste, such as that from the second washing of the
hybridization protocol, is either run into a particular marked sink or is
stored in holding tanks, where decay is allowed to take place.

— Institutes should have a designated radiation safety office and institutional
safety and waste disposal guidelines based on national guidelines.

— Valid licences allowing the use of radioactive substances should be
obtained from the competent authority before projects involving radionu-
clides are considered.
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2.7.2.3. Guest visits and fellowships

In the vast majority of cases, the simple transfer of technology during a
training course is not enough to allow participants to set up the methodologies
in their own setting. Difficulties are always encountered and adaptations of the
protocols are necessary. It is important to emphasize during training that there
are specific points related to the performance of the protocols which can be
modified without compromising the perfect outcome of the assay. The
possibility of making adaptations to a formal protocol is linked to a previous
professional background in the area. If local expertise in molecular biology is
lacking, an alternative could be an expert guest visit. This professional will take
into consideration the local conditions and the availability of equipment and
supplies, analysing the real situation on the spot.

Experiments will be performed, in conjunction with the group, by the
expert and eventual difficulties can be solved, alternatives proposed and the
best logistics worked out.

Fellowships should also be offered by the training institution to junior
scientists who could spend more than one month analysing samples collected in
their settings. The interesting point of this possibility is that the trainee will learn
the protocols as they are performed in standard conditions and will also gain
experience of the logistics of the reference laboratory.

2.8. TRAINING IN RADIOIMMUNOASSAY
2.8.1. Introduction

Since the introduction of in vitro binder ligand assays, in the later 1960s,
there have been tremendous advances in the field of RIA. New and specific
binders can be produced in large quantities because of the availability of the
technology to generate monoclonal antibodies from hybridomas, heterohybri-
domas, recombinant phages, oligonucleotide arrays (for construction of
antibody arrays) and, recently, synthetic binders from polymers or plastic
moulds. Protein binders can also be engineered according to design by
molecular modelling and point mutagenesis, then humanized by the
recombinant phage technique. The availability of non-isotopic labels such as
silver and gold sol has further stimulated the development of sensitive dipstick
immunochromatographic assays which enable semi-quantitative point-of-care
testing and self-testing to be carried out in clinics, wards and the home. The
recent invention of conductive polymers and the rapid advances in optics enable
the design of immunosensors. Complemented by humanized antibody
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technology, this will certainly contribute to the future development of in vivo
immunosensors for real time measurement of chrono-biological changes of
whole blood analytes. In addition, there have also been rapid advances in solid
phase design, techniques in immobilization of chemicals such as self-assembly of
monolayers, and molecular visualization and micromachinery by atomic force
microscopy. These will certainly be applied to immunoassays in future to
increase assay sensitivity and specificity. All these new ‘black box’ immunoassay
methodologies, mostly protected by patent and copyright, have to be calibrated
against the gold standard set by RIA, which still remains the most robust and
cost effective immunoassay.

In the diagnostic industry, RIA is still used to set up the first workable
immunoassay methodology for new analytes before the then thoroughly
evaluated method is transformed into another commercial assay format. This
developmental role of RIA will be fully realized when the shift is made from the
present anatomical genomic information phase with massive amounts of genetic
information to the future proteomic action phase. In routine diagnostic areas,
RIA will continue to be used as the reference method to solve problems
generated by non-isotopic immunoassay as a result of analytical interference.
With the use of modular robotic systems and improved antibody design, RIA
can be automated to further reduce operational costs and is well suited to
nationwide targeted screening of congenital and other disorders.

In the final analysis, RIA will continue to play a major role in most
developing countries in supporting routine diagnostic services, especially for
infections, tumours, coronary heart disease, diabetes and degenerative diseases.
In more developed countries which are striving to achieve a comprehensive long
term development of diagnostic biotechnology, the method will be used more
frequently in the production processes of monoclonal antibodies.

2.8.2.  Principle

Radioimmunoassay continues to maintain a favoured position among
microanalytical procedures not only because of its sensitivity, acceptable
precision, robustness (working best in non-optimal conditions) and wide appli-
cability, but also because it is comparatively the least expensive of numerous
methods available for the detection and measurement of substances of clinical
diagnostic interest. The advantage of RIA methodology is that it is freely
available in the public domain — one of the major criteria for technology
transfer. It is amenable to bulk reagent based methodology, using at least some
locally produced reagents, in contrast to methods totally dependent on black
box type commercial kits. For this reason, RIA is seen to be the most suitable
option for developing countries, where financial constraints combined with an
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unreliable supply preclude the purchase of expensive commercial RIA Kkits.
Even less accessible for developing countries are the so-called ‘non-isotopic’
kits, the cost of which is estimated to be at least three times that of commercial
RIA kits. The principle that should underlie training in RIA, particularly in
developing countries, is the provision of workers with the necessary skills and
knowledge of the basic principles of RIA to enable them to use bulk reagent
methodology and build up their basic troubleshooting and interpretative skills.

2.8.3.  Areas of training

It is essential that all workers in an RIA laboratory should have some
knowledge of the basic physics and chemistry of radionuclides, safe laboratory
practice, and the laws governing the handling of radioactive materials and their
disposal. They should understand that the greatest danger to an RIA worker is
not from the radioactivity in the test tube but rather from infective agents that
may be contained in the blood or other samples being handled and that, if
precautions are taken against this microbiological hazard, the radioactive one
takes care of itself. It has been computed that, while the dose from a single
transatlantic flight equals 0.04 mSv and the dose from an X ray examination can
be up to 10 mSv, the average annual dose for RIA using I tracers is approxi-
mately 0.03 mSv.

It is essential for those working in RIA to have a firm understanding of the
theoretical principles that underlie both limited reagent (RIA) and excess
reagent immunoradiometric assay (IRMA) approaches. Academic personnel
who will serve as laboratory managers need to be trained to a higher level,
preferably postgraduate, than laboratory technicians, additionally learning
interpretative skills according to their study approach (technical, scientific and/
or medical). It should be borne in mind that technicians using bulk reagents for
in-house assays need a more thorough training than those who are merely using
protocols provided with commercial kits.

Thus, the main areas of training in RIA are:

— RIA methodology;

— The setting up and validation of assays;
— Quality control;

— Data processing;

— Local reagent production.

To varying degrees, the following areas are also important:

— The organization and operation of RIA laboratories;
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— Basic laboratory information management;

— How to search for and access recent clinical diagnostic information on the
web;

— The applications of RIA in both clinical and research areas.

2.84. Theory

Excess reagent IRM A methods employing labelled antibodies rather than
antigens are gaining in popularity. Similarly, greater use is being made of solid
phase separation methods, particularly of those not requiring centrifugation,
despite a possible slight increase in cost. In these and similar areas where a
range of alternative approaches is available, the technical and economic
advantages and disadvantages of each should be considered so that the workers
concerned may arrive at informed decisions as to the most suitable approach for
their particular situation. Bulk reagent based assays cannot be set up success-
fully and employed without sufficient theoretical and practical training in basic
aspects of assay methodology, such as:

— The characterization and evaluation of antisera;
— The linking of biomolecules to the solid phase;

— The basic principles of antibody production;

— The construction of dilution and standard curves;
— Standards and standardization;

— Assay design and optimization;

— Troubleshooting procedures.

Academics and technicians would all require training in these areas,
although academics would require more in-depth knowledge of, for example,
the theoretical and mathematical concepts involved in designing an assay to suit
a particular need. Laboratories in countries with high socioeconomic strength
should place additional emphasis on cost effective overall laboratory
management, critical evaluation of reagent supplies and on making the
methodology more friendly to the user.

2.8.5. Validation
The essential responsibility for detailed validation of an RIA reagent lies
with the manufacturers and suppliers. Training should, however, also include the

accepted standard operation procedures that manufacturers are expected to
carry out before the batch release of the reagents.
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Workers should be made aware that assay characteristics claimed by
reagent or kit manufacturers may not always hold true because of climatic
changes or the influence of, for instance, transportation or a delay in delivery.
Training should include standard methods of assay validation (cross-reactivity,
recovery and parallelism) and the means by which all essential features of an
assay such as precision, bias, working range or sensitivity are ascertained before
it is made available for clinical or research use. Workers should also be made
aware that these characteristics cannot be fully determined and that they may
change with fresh batches of reagents or other changes in assay conditions. In
this context, knowledge of the stability and storage conditions to which different
reagents may be subjected, such as stock and working solutions of standards and
antisera, buffers and protein binding inhibitors, is necessary for preventing
possible later problems. For senior staff with a clinical foundation, training
should also include non-analytical variations and the global validation of RIA
results through horizontal linkage of analytical data with other related quanti-
tative and qualitative clinical laboratory information.

2.8.6.  Quality control

The training programme should acknowledge that internal quality control
(IQC) is a sine qua non of good RIA practice.

Workers should be made fully conversant with the minimum standards of
day-to-day IQC practice and the checks and balances that need to be included in
each assay in order to ensure reliability of analytical results. They should
understand the concepts of within and between batch variability, the
construction of quality control charts and curves, and of imprecision profiles and
how these are used, in order to decide upon statistical acceptance or rejection of
an assay result (or an entire assay on the basis of pre-set standards of precision
and bias). The main causes of poor precision or unacceptable bias, especially
when these are seen to occur in an assay that had previously been performing
well, need to be understood so that remedial action can be taken at an early
stage. Understanding the value of participation in an external quality
assessment scheme (EQAS) and its role in the overall concept of quality
control, what it can and cannot do, should be included as part of the training.
There is, for example, a common misconception that an EQAS can serve as a
substitute for an IQC.

2.8.7. Data processing

Modern computer assisted data processing of RIA and IQC data makes a
significant contribution to overall quality control in RIA, enabling the storage
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and retrieval of results and the monitoring of assay performance over a period
of time. The ready availability of powerful desktop computers at a fraction of
what they would have cost a decade or so ago makes computerized data
processing a practical proposition in all RIA laboratories, even in developing
countries. Suitable software packages enabling the computation of composite
results from more than one hundred assays are available commercially or from
non-commercial sources such as the IAEA whose product, RIA/PC, was
developed a decade ago, still remains popular and is in use at IAEA supported
centres. Radioimmunoassay workers should be trained to use a suitable data
processing package in their day-to-day work.

2.8.8. Reagent production

The technical capabilities and range of functions of RIA centres, particu-
larly those in developing countries, vary considerably. A laboratory attached to
a small hospital may provide only a clinical service confined to analytes of
common clinical importance, such as thyroid related hormones, and find it most
practical and economical to meet all of its reagent requirements from outside
sources, whether abroad or local. Other centres that provide an expanded
service may choose to produce at least some of the required primary reagents.
These may range from the simplest, such as standards and quality control
material for simple analytes of unique molecular structures for the commonest
assays such as thyroid hormones and cortisol, to more sophisticated materials
such as solid phases, tracers and antisera. Advanced laboratories that produce
and distribute reagents or operate screening programmes, such as those for
neonatal hypothyroidism, may even produce their own monoclonal antibodies
for IRMA procedures and use modular automation to increase the precision
and efficiency of the analytical process. Consequently, appropriate training in
reagent production techniques should correspond to the type of laboratory the
workers concerned are employed in. Local reagent production has the potential
to reduce costs. It would, however, be economically wasteful for a small centre
with a workload of a few hundred samples per month to produce its own '*I
tracer using imported 'I. In general, the larger the centre and the wider the
scope of activity, the more worthwhile it is to train staff to produce their own
working reagents. If a centre carrying out screening programmes for neonatal
hypothyroidism or hepatitis B infection, for example, were to make its own solid
phases from coating antibody solutions or labelling monoclonal antibodies, both
obtainable in bulk form, costs would be reduced by a factor of 40. Training for
this purpose could therefore prove very useful. Similarly, workers in reagent
production and distribution centres that supply tracers or EQAS material on a
national or regional scale need to receive specialized training in the relevant
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techniques. They would also benefit from instruction in good manufacturing
practice and the procedures of sending out packages of reagents to other users,
within and eventually outside the country. The end user should be aware of the
logistic difficulties of customs clearance and prompt the appropriate local
authorities to avoid delays in delivery.

2.8.9. Mechanisms of training

There are a number of possible paths for training in the above areas. A
course of individual instruction at a laboratory with adequate facilities and staff
is the best approach, with academics trained to a higher level, preferably
postgraduate, wherever possible.

2.8.9.1. Training courses

Interregional or regional training courses are organized on a regular basis
by international agencies such as the IAEA or the World Health Organization
(WHO) and they have proved to be very effective over the years. These usually
operate at teacher training level. Participants are expected to disseminate the
expertise and skills they acquire within their home countries, most commonly by
means of follow-up national training courses under the aegis of local atomic
energy authorities or commissions. Since courses are usually of no more than
two weeks duration, a progressive series of courses should be planned in order
to cover all topics. The first course could include lectures on the basic physics of
radionuclides, safe handling of radioisotopes, recent advances in immunoassay,
separation methods, quality control and approaches to data processing. The
practical classes should provide participants with hands-on experience of a
typical RIA, such as that for serum thyroxine, and a typical IRMA, for example
that for thyroid stimulating hormone (TSH). A discussion and troubleshooting
session should always be included. The second course could include lectures on
standards and standardization, assay design and optimization, the evaluation of
antisera including Scatchard analysis, iodination techniques, stability and
storage of reagents, and techniques for the local preparation of simple reagents,
such as standards and quality control material for selected analytes. This could
also be demonstrated in practical classes and experiments carried out to validate
locally produced reagents. If there has been a demonstration of an iodination
technique (e.g. for thyroxine), the tracer produced can be directly compared
with one imported from a commercial source. Other practical classes could be
designed to demonstrate and compare different separation methods.
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2.8.9.2. Quality control and data processing

The subjects of quality control and computer assisted data processing are
so vital to good RIA practice that they could form one component of a national
training programme. The IAEA organizes a typical national training course on
these topics, typically of two weeks duration. During the first week, participants
carry out standard statistical exercises and proceed to the construction of
various types of calibration curves, Scatchard plots, response—error relationships
and precision profiles, with no computational assistance beyond a hand-held
calculator, to ensure that all underlying concepts are well understood. The
second week sees a repetition of the first week, with the difference that the work
is not done manually, but using a computer and a data processing software
package or packages.

2.8.9.3. Advanced reagent production

A further group training activity may now be organized on advanced
reagent production methods, confined to participants from centres equipped, or
likely to become equipped, to undertake this activity to a significant extent.
Lectures and practical sessions would cover the following:

— Preparation and characterization of solid phases (antibody coated
cellulose, tubes, beads and other new solid phases);

— New methods of protein immobilization, tracers and polyclonal antisera;

— Monoclonal antibody production;

— Propagation of hybridoma cell lines in bioreactors;

— Cost effective methods for antibody purification;

— Principles of good manufacturing practice;

— ISO 9000 accreditation;

— Rules governing the storage, packaging and transport of biological-
radioactive materials.

Not many laboratories, especially in developing countries, have the
equipment and other facilities required for the production of monoclonal
antibodies. If training in this area is required, it would be better provided on an
individual basis at a suitable advanced centre.
2.8.9.4. Special training

Special events may be organized to satisfy particular needs. Participants in

an external quality assurance scheme organized at the national or regional level
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would benefit from a workshop on the subject that would train them to use the
scheme correctly. A training course devoted to tumour marker assays would
focus on the special problems involved (high dose hook, etc.).

2.8.9.5. Experts

Radioimmunoassay centres that are set up or upgraded by international
agencies such as the IAEA often benefit from the services of foreign experts
who may serve at the host centre for periods of up to a month or more. Such
missions are both popular and effective because the same expert can train many
persons and training is in a local context, taking into account circumstances in
the host laboratory. An expert mission also has the advantage of establishing a
relationship between a centre in a developing country, which may be working in
relative isolation, and the more advanced home laboratory of the expert.

2.8.9.6. Scientific meetings

A further means of providing training in RIA is through seminars,
symposia and scientific meetings organized at regular intervals by international
agencies or other associations. Participants have an opportunity to update their
knowledge and acquaint themselves with recent advances. Academic personnel
should be encouraged to participate in such meetings.

2.8.10. Location of training

Care should be taken in deciding where training in RIA is best provided if
it is to take place outside the home laboratory. The most appropriate and cost
effective option for the training of technicians in developing countries is a
suitable training centre within the region. In special fields, such as steroid
receptor assays for example, an expert mission followed by a short period at an
advanced centre outside the region may be necessary. Academics who need to
be trained for longer periods and to a higher level may need to be accommo-
dated at advanced centres in developed countries. Specially identified labora-
tories may be developed to become a centre of excellence for training purposes
within a given country or region.

2.8.11. Follow-up
Training in RIA, as in other areas of nuclear medicine, should not be a

one-off exercise but rather a continuing process. Advances are constantly taking
place, and those working at laboratories, particularly in the developing world,
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should be aware of opportunities to simplify methods or reduce costs and ensure
that personnel are kept informed as to their suitable application to local
conditions. Special efforts should be made to collect and disseminate learning
resources in RIA and related areas.

2.9. TRAINING OF NURSES

The role that nurses play in patient care is just as important in nuclear
medicine as in any other clinical practice. Ideally, nurses should serve in
diagnostic nuclear medicine sections and be present during nuclear cardiology
stress testing. A nurse is the first interface with the ward nursing of inpatients
and should be able to inject ward patients with radiopharmaceuticals (e.g. for
bone scans) after training in intravenous injection. The presence of nurses in the
therapeutic nuclear medicine wards is essential.

Nurses in nuclear medicine are required to perform the following duties:

— General physical and mental care of patients under examination or
treatment;

— Examination of vital signs;

— Administration of drugs and injections on the instruction of doctors;

— Explanation to patients of procedures and provision of support to the
receptionist;

— Handling of radiopharmaceuticals and radioactive waste in cooperation
with pharmacists and technologists;

— Taking appropriate radiation protection measures for patients and
families, especially those comforting children and elderly people.

In order to carry out these functions correctly, nurses need a basic
knowledge of radiation, radionuclides and the biological effects of radiation,
and should receive training on the safe handling of radioactive materials as well
as radiation protection.

Education and training should be offered both in undergraduate courses
in a school of nursing and in postgraduate training courses in hospitals. Nurses
should receive a final briefing before they start working in a department of
nuclear medicine.
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ESTABLISHING NUCLEAR MEDICINE SERVICES

3.1. INTRODUCTION AND CATEGORIZATION

In the past, consideration was given to the categories of nuclear medicine
ranging from simple imaging or in vitro laboratories to more complex depart-
ments, performing a full range of in vitro and in vivo procedures, that are also
involved in advanced clinical services, training programmes, research and
development. In developing countries, nuclear medicine has historically often
been an offshoot of pathology, radiology or radiotherapy services. These
origins are currently changing as fewer RIAs are performed and fully fledged
independent departments of nuclear medicine are set up. The trend appears to
be that all assays (radioassays or enzyme linked immunosorbent assays
(ELISAs)) are done in biochemistry laboratories, whereas nuclear medicine
departments are involved largely in diagnostic procedures, radionuclide
therapy and non-imaging in vitro tests including RIAs.

The level of nuclear medicine services is categorized according to three
levels of need:

Level 1: This level is appropriate where only one gamma camera is needed for
imaging purposes. The radiopharmaceutical supply, physics and
radiation protection services are contracted outside the centre. Other
services, such as radiology, cover receptionist and secretarial needs. A
single imaging room connected to a shared reporting room should be
sufficient, with a staff of one nuclear medicine physician and one
technologist, with backup. This level is appropriate for a private
practice.

Level 2: This level is appropriate for a general hospital where there are
multiple imaging rooms in which in vitro and other non-imaging
studies would generally be performed as well as radionuclide therapy.

Level 3: This level is appropriate for an academic institution where there is a
need for a comprehensive clinical nuclear medicine service, human
resource development and research programmes. Radionuclide
therapy for inpatients and outpatients is provided.
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3.2. IN VIVO DIAGNOSTIC PROCEDURES
3.2.1. Introduction

This section deals with the establishment of a nuclear medicine service for
performing diagnostic and therapeutic procedures. Recommendations related
to human resources development and the procurement of equipment, specifi-
cations of imaging devices and clinical protocols are expanded on in other
sections.

The first step in establishing a nuclear medicine service is to consider the
space, equipment and staffing requirements.

Space requirements will vary according to the level of the service,
depending on whether a simple in vitro or in vivo imaging laboratory is
envisaged or whether there are plans for a full in vitro laboratory and for in
vivo imaging therapeutic procedures. Space should also be allocated for an in-
house radiopharmacy if unit doses are being prepared on-site from ‘cold’ kits
and *™Tc generators.

The initial design and planning should take into account a number of
factors in addition to the space needed for routine imaging and staffing needs.
Radiation protection is an important issue and the following measures should
be taken:

— Walls and doors of laboratories should be painted with good quality
washable paint;

— Work-table tops should have a smooth laminated finish;

— Floors should be impervious to liquids;

— There should be an adequate supply of lead containers and shielding lead
bricks;

— Remote handling devices are desirable;

— Ventilated fume cupboards are similarly desirable.

For diagnostic imaging, ordinary wall thickness is usually sufficient.
Radioactive waste disposal must follow local radiation protection guidelines
and space must be available for waste storage.

Nuclear medicine is an advanced but cost effective specialty which can
solve specific clinical problems. Since it changes rapidly with the development
of new technologies for imaging devices and new radiopharmaceuticals, it calls
for specialized training together with specific site preparation. Integration into
a total health care system requires careful planning. Nuclear medicine staff
need to have sufficient administrative skills to interact with referring
physicians, hospital administrators and financial supporting bodies such as
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government departments, insurance companies or charitable organizations.
The general public needs to be both reassured and informed (about treatment),
as proper interaction with patients requires their full cooperation. The level of
services, information and patient interaction varies according to region, general
standard of educational and socioeconomic conditions, and the standard of
health care.

Nuclear medicine services vary from one country to another, although
cardiology and nuclear oncology are generally the most commonly performed
studies. In certain regions, renal studies, infection localization and even liver—
spleen scans are still very important. Tests such as SPECT brain perfusion
imaging are usually the domain of advanced services. The planning of a nuclear
medicine department should be preceded by a study of population
demographics and the prevalence of diseases in the respective country. This
groundwork allows for prioritization and planning of an appropriate nuclear
medicine service.

Since nuclear medicine serves both inpatients and outpatients the
location of the site should give easy access to both groups. At all sites it is
recommended that nuclear medicine should be a separate department, or at
least form an autonomous unit within other departments such as the radiology
and imaging or radiation oncology services, often referred to as ‘the Cancer
Centre’. It is not advisable to establish a nuclear medicine service in a separate
building called, for example, ‘The Nuclear Medicine Institute’. This isolates
nuclear medicine from the referring physicians, reduces interaction between
medical staff and, furthermore, creates unnecessary fear among the public.

Nuclear medicine services can range from basic in some countries to
advanced in others. The level depends on several factors:

— The socioeconomic conditions in the country;

— The standard of health care delivery, amount of government subsidy, as
well as the role of the private sector, insurance companies and charitable
organizations;

— The size of the country, its population and ability to run nuclear medicine
technologist training programmes, nuclear medicine specialty
programmes for physicians, as well as other supporting services for
physicists, chemists, pharmacists, computer technicians, electronic
engineers and programmers, among others.

Once the level of service has been defined, personnel training should take
place before the site is prepared or equipment procured.

In some countries it is important to obtain the approval of the national
atomic energy agencies before each step, although this could conceivably

69



CHAPTER 3. NUCLEAR MEDICINE SERVICES

create friction between physicians, institutions and the local atomic energy
agency.

The TAEA’s mission is to work with developing countries to overcome a
lack of finance and to assist in human resource development. Each national
atomic energy agency should appoint a medical representative to liaise
between the IAEA and the nuclear medicine programme directors. Similarly,
each country should have regulatory agencies to set the rules for licensing,
radiation protection, radiation safety and radioactive waste disposal. The
ITAEA can play an advisory role in this regard. In some countries it is advisable
to set up a planning board to supervise human resource development, oversee
current services and plan future development. The planning board can also
recommend guidelines to ensure continuous quality control and education.

3.2.2. The nuclear medicine service
Plans for a nuclear medicine service must address the following points:

(a) Level of service needed;
(b) Equipment specifications (Section 4);
(c) Human resource development;
(d) Site preparation;
(e) Adherence to building, fire and security codes;
(f) Delivery and testing of equipment;
(g) Procedure manuals and department policy;
(h) Service administration;
(i) Official opening ceremony;
(j) Marketing;
(k) Programmes for:
— Physician interactions,
— Continuous clinical evaluation,
— Quality control,
— Initiation of research projects;
(1)  Future developments.

3.2.3. Equipment

While the capacity and quantity of individual pieces of equipment needed
depend on the volume of the service, minimum requirements are as follows:

(a) A collimated scintillation probe and counting system for uptake measure-
ments of thyroid function and other in vitro and diagnostic studies.
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(b) An isotope dose calibrator.

(c) A portable contamination monitor (acoustic dose-rate meter) and/or a
survey meter to monitor beta and gamma contamination.

(d) A gamma camera with computer and appropriate clinically proven
software. Rectilinear scanners are no longer appropriate. If only one
gamma camera is funded, it should have its own computer for static,
dynamic and preferably SPECT studies with its various clinically proven
acquisition and processing protocols.

(e) Provision must be made for a reasonable range of collimators (low energy
general purpose, high-energy, etc.), including a pinhole collimator.

It is important that the environment in the hospital and the nuclear
medicine department is suitable for the equipment as described below:

(a) A stable uninterrupted power supply is vital and it has to be secure. Prior
to installation of the gamma camera and electronic instruments, and
during their service lives, the equipment needs to be protected from
disturbances, such as power outages, voltage fluctuations and frequency
fluctuations, in the mains power supply. A power stabilizer is important.

(b) Air-conditioning is essential to maintain a clean, dust free and dry
environment for electronic instruments that are sensitive to heat and
moisture changes; high humidity is bad for electronic components,
causing corrosion as well as current leakage.

(¢) Instruments must be housed in an air-conditioned environment, and a
dehumidifier may be needed to maintain humidity at about 50%.

(d) Running hot and cold water must be available.

The initial budget during the planning stage must cover maintenance of
equipment as well as capital costs — this may include technician training (local
maintenance and repair) or a service contract with the equipment manufac-
turer or the local agent to take care of maintenance.

3.24. Staff

The number of staff will depend on the volume of both in vitro and in vivo
work.

3.2.5. Administrative functions

In planning the administrative aspects of a nuclear medicine service, the
following points should be considered:
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(a) The administrative duties in a nuclear medicine service including
reception and secretarial support, filing and billing duties (where appli-
cable).

(b) To be able to serve both inpatients and outpatients, the location of the
reception area is important; it should be situated close to the outpatient
facility.

(c) The reception should be able to accommodate scheduling demands.

(d) The inpatient waiting area should be large enough to accommodate
stretchers and wheel chairs. Consideration should be given to patient
privacy.

(e) Filing facilities should be easily accessible and able to store six years of
files. Digital filing is fast, saves time and space, and should be encouraged.

(f) Reception staff should be authorized to request old case studies in
patients’ files and the files of other imaging modalities.

(g) Reception staff should be able to consult the referring physician in order
to complete request forms should information be missing, and this can be
supplied by having a meeting, or via fax, phone or by electronic means.

(h) All requests must be reviewed, justified and approved by a nuclear
medicine physician.

(i) Nuclear medicine tests should be completed as soon as is practical.

(j) Refreshments for patients and accompanying persons should be available
at a safe distance from any radioactive source.

(k) Finally, reading material, such as leaflets on nuclear medicine and leisure
reading, should be provided.

3.2.6. Imaging rooms

Imaging rooms should be at least as large as given in the manufacturer’s
recommendations, but preferably larger, to accommodate patients on
stretchers. A larger area provides a more pleasant working environment and
reduces the risk of radiation to staff. In some countries, rooms should have
double glazed and insulated windows to avoid the buildup of dust. Tight fitting
oversize doors and efficient heating, air-conditioning and humidity control
units are also required. All rooms should have their own separate power supply
and stabilizers and be equipped with hand washbasins with hot and cold
running water. An intercom and/or telephone are important for facilitating
communication.
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3.2.7.  Cardiac stress laboratory for nuclear cardiology

The cardiac stress laboratory should be planned in consultation with the
cardiologists and equipped for treadmills and bicycles or pharmacological
stress studies. Drug and life support facilities should be available in cases of
emergency.

3.2.8. Conference room

The conference room can be used primarily for interdepartmental confer-
ences, consultations with physicians and support activities for nuclear medicine
staff. While functions could be accommodated in one large room with or
without a partition, two separate rooms might be preferable. Space for scan
interpretation, computers and ancillary equipment such as LANs should be
provided. A library, Internet access and other teaching aids should be available
to the conference room(s).

3.2.9. Offices

There should be sufficient office space for physicians, radiopharmacists,
physicists, chief technologists, managers and secretarial staff in addition to a
staff lounge. The number of offices depends on the size of the service.

3.210. Other space requirements
Figure 3.1 outlines the floor plan of a typical nuclear medicine

department and highlights the additional spaces that will be required for the
following purposes:

— Storage of clean supplies;

— Radioactive waste disposal;

— Toilet facilities for patients;

— Staff restroom and toilet facilities;

— Showers for decontamination purposes.

3.2.11. Radiopharmaceutical laboratory

Refer to Section 3.4.
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3.2.12. Operating the nuclear medicine services

The following guidelines are useful in the operation of a nuclear medicine

service:

(a) Department policy should be recorded in writing and explained to staff.
There should be a clear chain of management, which should be made
made apparent.

(b) A copy of the Procedure Manual should be placed in all imaging rooms
and technical staff briefed on procedures.

(c) Patient preparation forms should be easily accessible to the receptionist
and the person who schedules studies.

(d) Nuclear medicine request forms must include information about the

patient’s medical profile, name, age, gender, hospital identification
number, address and telephone number, name, address and telephone
number of the referring physician, clinical background, and clinical data,
as well as preliminary diagnosis and any tests required. The nuclear
medicine physicians should consider the request for consultation, justify
and approve the test before it is performed, and, if appropriate, modify it
after consulting with the referring physician. Request forms should
include a space to indicate approval of the test list, the
radiopharmaceuticals used, as well as the dosage and route of
administration. The form must be signed by the person(s) involved.
Patients must sign the correct consent form (if applicable) during the
interview and the signature be witnessed. The patient’s records should be
reviewed and the findings of other imaging modalities verified. Any
special technical modification should be written on the request form for
the technical staff to review.

3.2.13. Reporting studies

(a)

(b)

(©)

In general, reporting sessions should contain the following features:

Physicians should review the studies before the patient leaves the floor
and order further delayed scans where necessary, write a preliminary
report for all inpatients and contact the referring physician with the
results in the case of an emergency.

Studies should be completed jointly with other staff members. Reports
should be made after further consultation (if applicable), reviewed,
signed and mailed or delivered within 24 hours.

Follow-up for verification of accuracy of test.
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(d) Joint conferences and research protocols with other specialties.
(e) Continued professional development for physicians and technical staff.

3.3. IN VITRO AND RADIOIMMUNOASSAY LABORATORIES
3.3.1. Objectives

The first point to consider in the establishment of an RIA laboratory is
the purpose for which it is intended. In developed countries, RIA facilities may
be created to support a specific research activity, whereas more often than not,
particularly in developing countries, they are initially designed to provide a
clinical diagnostic service (e.g. hormone assays). Such centres would only take
on other functions, such as research and teaching, at a later stage. Within this
context, the general issues that need to be considered are the location of the
laboratory, building specifications, staff, training (Section 2.8) and equipment
(Sections 3.3.6 and 4.5.3).

3.3.2. Location

Some of the most successful RIA laboratories, in both developed and
developing countries, are attached to nuclear medicine centres that offer in vivo
and in vitro diagnostic tests. An advantage to this is that the two types of tests are
often complementary in the diagnostic follow-up of patients with commonly
encountered disorders such as those related to the thyroid. In vitro tests, being
simpler and less expensive, are often set up first and in vivo work introduced at a
later stage. Provisions should, therefore, be made at the initial planning stage for
future in vivo activities (with a gamma camera, etc.) at the same site as the in vitro
testing facilities. On the other hand, in places where the two branches of nuclear
medicine activity occupy separate premises there is little, if any, decrease in their
effectiveness. The essential consideration should always be that where an RIA
centre serves a cost effective clinical diagnostic function, it should be easily
accessible to the end user although, in the case of in vitro tests, a high proportion of
samples may be sent to the laboratory by post or other means.

Just as a clinical chemistry laboratory providing emergency services
would be located in a hospital rather than within the Ministry of Health admin-
istration, an RIA centre, which serves a similar purpose, would best be located
in a major provincial, district or city hospital. Other suitable locations are
university medical faculties (usually associated with teaching hospitals),
medical research institutes or similar institutions, provided they are oriented
towards patient service.
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If separate from in vivo facilities, in vitro nuclear medicine services could
either be independent with their own management or form part of a clinical
chemistry, biochemistry or other large department involved in analytical work.
Since nuclear medicine is a distinct discipline, there are compelling reasons why
an RIA centre should not be attached to the radiology or radiotherapy
department. Exceptionally, large oncology, obstetrics, renal or organ transplan-
tation units may have their own RIA laboratories engaged in clinical research,
in order to measure special substances such as vasoinhibitory polypeptide or
atrial natriuretic hormones.

3.3.3. The building

The design and structure of the building can affect the quality of an RIA
centre. Premises should generally provide working conditions that are
hygienic and spacious, and may include special features depending on the
extent to which radionuclides are used. A patient reception area with a
waiting room and an area for taking blood samples should be available. If the
laboratory has medically qualified staff who carry out examinations or
dynamic tests such as intravenous insulin stimulation, the reception area
should be equipped with a couch, resuscitation trolley and other special
facilities. It is essential to reserve an area for record keeping and the sorting
and labelling of samples that, depending on the tests required, may be taken
in the laboratory or obtained from outside. It is essential to entrust a
responsible person with this duty where the consequences of error — wrong
patient, wrong test — could be irremediable.

The core of the RIA unit is the area in which the assays themselves are
performed. It should be spacious enough to accommodate the number of
technicians employed, be well ventilated and have a constant and reliable
supply of electricity and clean water. Floors and bench-tops should be smooth
and of non-absorbent material to facilitate cleaning and decontamination in the
event of chemical or radioactive spillage. Most RIA protocols require a
decantation step following the separation procedure, and therefore sinks
should be conveniently located at each workbench. A separate washbasin,
labelled to this effect, should be reserved for the washing of hands of
laboratory personnel, with its use prohibited for any other purpose. The
washing-up area for glassware, used RIA tubes and reusable pipette tips should
have one or two large sinks and a drying oven. Sensitive electronic equipment,
such as counters, computers and analytical balances, needs to be stored in air-
conditioned surroundings, particularly where the outside environmental
conditions are hot, humid, dusty or otherwise unfavourable. If a separate room
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is not available for electronic equipment the entire area needs to be air-
conditioned.

A storage room for buffer chemicals, solvents, test tubes and other
consumables that are often procured in bulk quantities would avoid cluttering
up the main laboratory and provide greater workspace.

A more advanced laboratory preparing its own tracers using imported
sodium iodide would need a ‘hot’ laboratory with sufficient space to
accommodate a fume cupboard, fraction collector and/or high performance
liquid chromatography (HPLC) system, as well as a refrigerator in which to
store stock solutions of radioactive material. Working solutions of tracer may
be stored refrigerated in the main laboratory. If reagent production activities
are developed to the stage of polyclonal antisera and monoclonal antibodies,
access will be required to an animal house and supportive veterinary care. This
may be a control facility shared by various departments of one institution.

Where an RIA laboratory is producing '*I iodinated tracers, special
conditions have to be met for the storage and disposal of unused radioactive
materials and waste. This is not necessary if the laboratory uses only ready-
made tracers obtained elsewhere in quantities of approximately 50 uCi
(1.85 MBq) at intervals between eight and ten weeks. Provided the laboratory
has an efficient sewage system, the amount of '>I used in a typical RIA —
about 1 uCi (37 kBq) per 100 tube assay — is sufficiently low for liquid waste
(supernatants) to be poured down the sink, where it is diluted by the large
volume of effluent from the hospital or institution. The importance of standard
radiation safety practices such as the monitoring of personnel and the work
area, and the prohibition of food, drink or smoking in the laboratory, is to be
highlighted. The hazards associated with the use of '*°I in the quantities used in
RIA are sometimes exaggerated. The use of drip trays lined with absorbent
paper is a wise precaution when handling radioactive solutions and minimizes
the effect of accidental spillage.

In a well managed laboratory, the areas designated for assays are
separated from those reserved for other activities such as patient reception,
record keeping and computing. In most modern centres, seminar rooms and
other general areas are located at some distance from laboratory workbenches
and no one wearing a laboratory coat is allowed to enter them.

Solid waste including contaminated glassware, syringes, vials and pipette
tips that are no longer usable should be stored in a marked container or bin for
three half-lives before final disposal by incineration under proper conditions.

Where iodinations are being made, the laboratory will usually receive uCi
amounts (usually 5-10 (185-370 MBq)) of sodium iodide '*’I. This should be
stored refrigerated in the radiochemical laboratory (hot laboratory) where the
iodination facility and tracer purification system are also located. Stock

1251
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solutions of tracer are stored in lead containers and also refrigerated in the hot
laboratory. Whatever is left over or is no longer usable may be stored in a
special area of the hot laboratory provided with lead shielding, for two to three
half-lives, after which it may be disposed of into the sewage system. The proper
recording of the receipt, dispensing and, finally, disposal of radioiodine should
be a statutory requirement. This is more important than an ordinary stock book
that records the receipt and issue of other consumables.

3.34. Staff

In order to provide the best patient service, an RIA centre should ideally
be headed by a medically qualified person or include one on the staff. Clinical
examination of patients will place a medically trained person in a good position
to comment on test results or suggest follow-up studies in such a way as to
influence patient management. In cases where the patient is not present and all
that is available is a sample and a request form containing limited clinical infor-
mation, physicians will be able to interpret results in an appropriate clinical
context. They may also be requested to deal with patients who have been
referred to the laboratory for so-called dynamic studies (e.g. insulin or arginine
stimulation and thyrotropin releasing hormone (TRH) tests) from peripheral
hospitals or clinics without the facilities to carry out such tests themselves.
Where this type of service is being offered, the presence of a medical person is
indispensable. Finally, it is not unknown that referring clinicians request the
wrong tests or tests inappropriate or irrelevant to the diagnosis. In such cases,
the physician can decide to confirm or exclude a particular test.

Medical personnel are not usually employed in RIA centres unless these
are part of a fully fledged nuclear medicine department or larger clinical
diagnostic unit offering services in several disciplines such as clinical chemistry
or chemical pathology. In the majority of RIA laboratories, a manager with a
background in biochemistry, pharmacology or an allied discipline takes respon-
sibility for the analytical reliability of results. Regardless of the administrative
structure, it is important that technical responsibility should be borne by a
person trained in RIA as a distinct discipline and preferably to postgraduate
level.

The number of technicians needed depends on the variety of assays to be
performed and the workload. In the case of a basic laboratory that neither
performs its own iodinations nor makes up primary reagents other than some
standards and quality control material, staff should consist of a laboratory
manager and at least two full-time technicians. With staff in this strength, the
laboratory could offer more common tests (tri-iodothyrone (T3), T4 and TSH)
approximately twice a week, with other tests (follicule stimulating hormone
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(FSH), luteinizing hormone (LH), prolactin and some steroid hormones) being
assayed less frequently. Additional technical staff would be required as the
extent and scope of the work expands. In larger laboratories, technicians tend
to specialize in particular assays, the advantage being that they develop
valuable experience with particular methods and reagents.

The presence of a medical physicist is not required in an RIA laboratory
on a full-time basis (he/she would normally be attached to an in vivo nuclear
medicine unit), but the services of an electronic technician for routine servicing
and maintenance of equipment including air-conditioners should be available
as and when required. The impact of servicing and maintenance of equipment
on actual assay quality is often overlooked. Instruments such as analytical
balances, pH meters and even hand-held semi-automatic RIA pipettes are
precision instruments, and technicians should know how to take care of them as
well as how to use them.

Equipment must at all times be kept clean and properly maintained. It is
good practice to maintain a ‘logbook’, containing the service and maintenance
record of every pipette as is done in some of the better managed laboratories in
developed countries. Pipettes in poor condition are often found to be a major
contributing factor to imprecision (random error) in RIA, sometimes to an
extent that would invalidate all results. The use of highly automated systems
such as automatic pipetting stations and robotic samplers, which may add to
convenience in advanced countries, is not encouraged in most routine RIA
laboratories but may be appropriate in high throughput laboratories justified
by economic considerations.

A person should be designated to take responsibility for radiation
protection procedures, personnel and area monitoring as well as the
maintenance of health records, in accordance with local regulations.

A secretary should be assigned responsibility for keeping records,
managing materials and other duties. Other support staff may be required for
other tasks such as washing used glassware, tubes and pipette tips, and it is
essential that all staff understand the nature of the job and receive instruction
on the proper procedures to be followed. Sometimes the least trained person
may be unwittingly exposed to the greatest hazard.

3.3.5. Invitro diagnostic procedures
Most major items of equipment required for in vitro diagnostic
procedures such as red blood cell (RBC) labelling, blood and plasma volume

measurement and the Schilling test will be available at RIA laboratories, in
vivo nuclear medicine units and radiopharmaceutical preparation sections. If in
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vivo procedures are to be carried out, the staff concerned should receive
additional special training in sterile techniques.

3.3.6. Equipment
3.3.6.1. Principle

Several factors need to be taken into account when deciding on
equipment for an RIA laboratory. RIA centres may perform any or all of the
functions of a clinical diagnostic service, engage in reagent production and
distribution or undertake research. The extent to which RIA centres provide
these services determines equipment needs. A laboratory attached to a small
rural hospital with a workload of one or two 100 tube assays a day using '>I
does not require a 600 well automatic gamma counter or a robotic sampler.
Both of these would, however, be useful in a centre carrying out a neonatal
hypothyroid or similar screening programme on a national scale. Environ-
mental issues (such as air-conditioning, cleanliness and a regular electricity
supply) also play a part in the selection of equipment, but the most decisive
factor, particularly in developing countries, tends to be the technical and
economic ability to maintain equipment in good working order so as to ensure
a reasonable lifespan.

3.3.6.2. General considerations

Solid phase methods, such as coated tubes, may obviate the need for a
large capacity centrifuge, but the reagents or kits may prove more expensive
than those used in a liquid phase assay. Provided good maintenance is
available, a second antibody/polymer separation method may turn out to be
cheaper and just as good. Magnetic separators are inexpensive and require no
maintenance, but assays that use magnetizable reagents may be less accurate
unless very high quality (and therefore expensive) particles are used. In the
final analysis, it is a question of weighing one factor against another and
deciding which combination of reagents and equipment suits the particular
needs and conditions of any given laboratory.

A standby generator, preferably an uninterrupted power supply (UPS)
facility, would be a useful addition in developing countries. Even more essential
is air-conditioning, without which sensitive electronic equipment such as
sophisticated counters and computers could soon malfunction in hot and humid
climates. Even if the entire laboratory area cannot be cooled, air-conditioning
should be installed in the room that houses electronic equipment. Power
supplies are notoriously erratic in many parts of the developing world and
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voltage fluctuations are common. This should be guarded against by the instal-
lation of power conditioners or an uninterruptible power supply. These may be
included with some makes of beta or gamma counters.

3.3.6.3. Types of RIA laboratories

RIA laboratories are graded on the basis of nature and scope of activity.
A Grade 1 laboratory is a basic one using reagents, whether obtained in bulk or
as commercial kits, from an outside source, with minimal production of
reagents confined to standards and quality control material for the simpler
analytes. A Grade 2 laboratory would similarly use primary reagents obtained
from elsewhere but in addition produce its own tracers, at least for selected
procedures, using '*I produced elsewhere in the country or obtained from
abroad. A centre that, in addition to all of the above activities, also produces
polyclonal antibodies falls into Grade 3. A Grade 3 laboratory could serve as a
national or regional reagent production and distribution centre, or organize
and operate an EQAS. Finally, monoclonal antibody production centres, if they
are also engaged in RIA, are classified as Group 4.

3.3.6.4. List of equipment

For easy reference, the type of equipment needed in the various types of
RIA laboratories is tabulated below. Some relevant points are worthy of
mention.

(1) A beta liquid scintillation counter is not included as a regular
requirement because almost all assays, even those for such analytes as
steroid receptors, can now be carried out using 1.

(2) A multiple manual gamma counter is preferable to an automatic one
because of the reduced possibility of mechanical, as opposed to
electronic, failure.

(3) Assays for almost all common analytes are now carried out at ambient
temperature and even if centrifugation is required, the instrument need
not be of the refrigerated type. There may of course be exceptions, such
as renin—angiotensin assays, where incubation is at low temperature, and
centrifugation, if the protocol so demands, will need to be under similar
conditions.

(a) Equipment for a Grade 1 laboratory

The equipment required is listed in Table 3.1.
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TABLE 3.1. ADDITIONAL EQUIPMENT FOR A GRADE 1 LABORATORY

Item

Description

Gamma counter

Gamma counter

pH meter

Analytical balance
Distilled water still
RIA pipettes and tips

Stirrers
Vortex mixers
Water bath
Deep freezer

Refrigerator

Voltage stabilizers or UPS system

Angled rotators
Magnetic separators

Centrifuge

Laboratory glassware, test tubes, etc.

Radiation monitor

Drying oven

Multiple manual, 4-20 channels, with on-
board computer, and RIA and IQC software

Single-well manual (as a backup instrument)

General purpose type bench-top with
standard electrolytes

Sensitive to 0.1 mg
2 L/h capacity

Two or three sets, semi-automatic, hand-held,
20-1000 uL capacity

Two, with assortment of spin bars
Two

6 L capacity

Chest type, 400 L capacity, to —20°C
Upright, 200 L capacity

Two, to take 120 LP3 tubes each
Two

Four to six place swing-out head with
buckets, carriers, etc.

(b) Additional requirements for a Grade 2 laboratory

The equipment required is listed in Table 3.2.

TABLE 3.2. ADDITIONAL EQUIPMENT FOR A GRADE 2 LABORATORY

Item

Description

Radioiodine fume hood or fume

cupboard

HPLC system with fraction

collector, single pump

Refrigerator for hot laboratory

Preferably built into the design of the laboratory;
flow of 0.5 m?%s, open-face access

With pulse stabilizer, injection valve and guard
columns
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(c) Additional requirements for a Grade 3 laboratory

The equipment required is listed in Table 3.3.

TABLE 3.3. ADDITIONAL EQUIPMENT FOR A GRADE 3 LABORATORY

Item Description

Freeze dryer 6-12 L capacity with built-in shell freezer

Filtration equipment 1-2 L capacity, filter assembly and discs down to
0.2 um

Stand-alone desktop Pentium III processor with laser printer

Crimper for stoppering vials Two

(d) Additional requirements for a Grade 4 laboratory

The list that follows is taken largely from the report of the Consultants’
Meeting on the Production of Monoclonal Antibodies for In Vitro
Immunoassay in Developing Countries, TAEA, November 1994. It applies to a
small to medium scale in vitro monoclonal antibody production facility ranging
from 250 to 5000 mg per month. Hollow fibre technology, home-made or
commercial, may serve as a cost effective alternative. If the antibody
production is to be on a large scale, i.e. of more than 10 g/month, the option
would be a bioreactor with a batch size of 50-100 L. Neither of the above is
included in the following list nor was considered in the aforementioned report.

— Cages, shelves, etc., for animal housing;
— Liquid nitrogen facilities;

— Biohazard cabinets of Class II;

— Inverted microscopes;

— CO, incubators;

— Autoclaves;

— Freezers (down to —80°C);

— Open chromatography equipment;

— Water purification units;

— Multihead peristaltic pumps;

— Sterile filters for preparation of culture media.
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3.4. RADIOPHARMACIES
3.4.1. Introduction

The range of facilities required varies markedly depending on the
category of the laboratory. The radiopharmacy needs the equipment necessary
to provide radiopharmaceuticals of the desired quality for patient adminis-
tration. The facilities should be adapted to suit the radioactive nature of the
product and the fact that many radiopharmaceuticals are administered
parenterally and thus need to be sterile. The radiopharmacy will also require
quality control procedures, as well as areas for the receipt and storage of
radioactive materials and radioactive waste prior to its disposal. Whatever
functions are being performed, it is crucial that laboratories offer protection to
the operator, the product and the environment.

The operator needs to be protected from radiation emitted by the
products, and facilities must minimize both external radiation hazards and
internal hazards arising from unintended ingestion of radioactive materials,
particularly via the inhalation of volatile products. In addition, there may be
chemical hazards arising from the product. In situations where blood labelling
is performed, there is a potential biological hazard to the operator.

The product needs protection from unintended contamination arising
during its preparation. This contamination may be chemical, radionuclidic,
particulate or microbial.

The environment needs to be protected from unintentional discharges of
radioactive material from the radiopharmacy. The majority of radioactivity
handled will be in the form of unsealed sources with an existing potential for
accidents and spillages.

3.4.2. Basic design criteria

The layout of the department should enable an orderly flow of work and
avoid the unnecessary carriage of radioactive materials within the department.
Attention must be given to the location of the laboratory in relation to the
other facilities. While there are advantages in situating it close to the nuclear
medicine department, the presence of high levels of radioactivity is a factor in
considering its proximity to, for example, gamma cameras, patient waiting areas
and offices. It is also important to consider whether there are working areas
above or below the radiopharmacy laboratory, in order to avoid unnecessary
radiation exposure to people working in those areas. Details of layout will need
to be worked out locally, depending on the accommodation available. In all
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cases, access to the radiopharmacy should be restricted, and for security
reasons, laboratories should be lockable.

All surfaces of the radiopharmacy — walls, floors, benches, tables and
seats — should be smooth, impervious and non-absorbent, to allow for easy
cleaning and decontamination. Floor surfaces and benches should be
continuous and coved to the wall to prevent accumulation of dirt or contami-
nation. Such features are necessary for radiation safety and to provide a
suitable environment for the handling of pharmaceutical products intended for
administration to patients.

Radiation protection will require the use of shielding made from lead or
other dense materials. This may be incorporated into the walls of the
laboratory or can be used locally, adjacent to the source that yields the highest
dose rate. This means that floors, benches and other work surfaces must be
sufficiently strong to bear the weight of shielding. It is imperative that dose
rates outside the laboratory, especially in areas to which the public have access,
be kept below specified limits. In particular, the siting of ™Tc generators needs
to be carefully considered. Although the generators contain internal shielding,
additional external shielding may also be required depending on the activity of
molybdenum present.

The range of products to be prepared will influence the scale and
complexity of facilities required, and need to be appropriate for their intended
function. They must be regularly monitored and maintained in a clean and
orderly state. The general principles of good manufacturing practice (GMP)
need to be applied in all cases and national requirements met.

3.4.3. Basic facilities

The simplest facility will be in departments that only prepare radiophar-
maceuticals using a *™Tc generator and purchased kits. The type of generator
most commonly used consists of Mo, as molybdate, absorbed onto an alumina
column. Technetium-99m is eluted from the generator by drawing sterile saline
through the column. This is achieved by the use of a sterile evacuated vial
supplied with the generator so that the operator does not need to be in close
proximity to the generator during the process. Other, more complicated,
techniques such as solvent extraction can also be used. Preparation of radio-
pharmaceuticals in a basic facility consists of the addition of sodium pertech-
netate eluted from the generator to a sterile kit vial that contains all the
ingredients necessary to produce the required radiopharmaceutical. Terminal
sterilization processes are rarely carried out on the final radiopharmaceutical
prepared because of time constraints. In addition, some radiopharmaceuticals
cannot withstand high temperatures, rendering them unsuitable for
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autoclaving, and filtration is not applicable for particulate radiopharmaceu-
ticals. This means that the procedure has to be carried out aseptically in order
to prevent microbial contamination.

3.4.4. Advanced facilities

An open fronted laminar flow workstation, which provides a stream of
filtered air, is used. These safety cabinets incorporate a high efficiency particle
arrestance (HEPA) filter, through which air is pumped in order to reduce
particulate contamination to an acceptable level within the working zone. Such
equipment is required to provide a clean environment suitable for processing
pharmaceutical materials. Standards for the number of particles permissible
have been published in Europe and the USA and correspond to a maximum of
3500 particles per cubic metre of a size equal to, or above, 0.5 yum and no
particles equal to, or above, 5 um. The internal surfaces of the cabinets must be
made from impervious material which is readily cleanable and not affected by
disinfectants or decontamination solutions.

The airflow must not be directed towards the operator and this is
achieved by having a vertical stream of air that is ducted away through grilles in
the base of the working zone and recirculated. This arrangement prevents air
spilling out towards the operator. This requires careful balancing of the airflow,
and normally a proportion of the recirculated air is released into the
atmosphere. This produces a net inflow of air into the cabinet, providing a
degree of protection for the operator against volatile or aerosolized radio-
activity. Since this air is comparatively dirty, it must flow through grilles in the
front of the base of the working zone rather than over the materials being
processed.

One alternative is a totally enclosed workstation with filtered air, with the
operator performing manipulations through glove ports. This system provides
good operator protection from airborne radioactive contamination since the
working area inside the workstation is at a lower pressure than outside. Air is
ducted away to an external environment through filters which prevent the
discharge of particulate radioactivity (e.g. aerosols) to the environment.

Thought must be given to the siting of workstations that are relied on to
provide suitable working conditions. If the environment immediately outside
the workstation contains high concentrations of particulate (including
microbial) contamination, the probability of this entering the workstation
increases. In certain areas of the world such as Europe, GMP requires staff to
check the cleanliness of the room in which the workstation is located. This
means air filtration to the room is required and access may need to be
controlled. Personnel should wear protective clothing, which in addition to
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protecting them from radioactive contamination will also help reduce the
number of particles being shed into the environment from their skin, hair and
clothing. A separate changing room, which has a step-over bench or other
means of demarcation, is a useful way to control access to the room.

As little material as possible should be stored in the laboratory so as to
reduce the accumulation of dirt and radioactive contamination. Materials
required for the preparation of radiopharmaceuticals can be passed into the
laboratory through a hatch when required.

Although it is essential to provide facilities for washing hands and the
disposal of liquid radioactive waste, care must be taken in the siting of sinks,
since they provide a site for accumulation of microbial contamination. The
current practice is not to provide sinks in radiopharmacy laboratories, although
ready access to sinks in the immediate vicinity is necessary. Showers for the
decontamination of personnel are no longer provided, since they may spread
any radioactive contamination present to other parts of the body, particularly
the eyes, or to laboratory facilities. In situations where high levels of activity are
handled, it may be desirable to have dedicated eye wash facilities available.

The radiopharmacy needs to be equipped with at least one isotope
calibrator so that all activity can be measured accurately. In addition, a
reference source (e.g. 1¥’Cs) will be necessary to ensure continuing reliability of
the calibrator. Since radiopharmacies will be handling unsealed sources of
radioactivity, contamination monitors will be required to check for any radio-
activity that may have been spilt. The type of equipment available is discussed
further in Section 4.5.1. The radiopharmacy needs to be equipped with suitable
materials to deal with any such spillages.

Storage areas will be necessary for radioactive materials as well as for
non-radioactive components used in radiopharmaceutical preparation. These
areas will need suitable shielding and, depending on the type of product being
prepared, a refrigerator and freezer may also be required. A store for
flammable products, such as solvents used in quality control procedures, may
also be required.

Figure 3.2 shows a possible layout for a basic facility.

3.4.5. More advanced facilities

Handling of volatile radiopharmaceuticals, particularly those based on
BIT, which are not intended for parenteral administration, should be performed
within a fume cupboard, which exhausts air away from the operator. The inflow
over the working aperture should not be less than 0.5 m/s, in order to provide
good operator protection. The exhausted air is ducted to the atmosphere, and
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v

Store Record keeping Laboratory
room QC area
/ / Changing room
LFC: Laminar flow cabinet QC: Quality control

H: Hatchway
FIG. 3.2. Typical layout for an advanced radiopharmacy.

great care has to be taken when positioning the exhaust duct to ensure it
effectively disperses the discharged air.

In radiopharmacies where blood labelling is performed, it is important to
protect the operator and any other blood samples in the radiopharmacy from
contamination with blood. It is desirable to have a separate workstation for this
function, which can be readily cleaned and disinfected after each labelling
procedure, thus minimizing the possibility of contaminating one blood sample
with another. Totally enclosed workstations incorporating centrifuges are
available, enabling the entire labelling process to be performed in a more
protected environment.

A typical layout for a department preparing a wider range of radiophar-
maceuticals is shown in Fig. 3.3. In the general design of a nuclear medicine
department, the entry, flow and exit of patients and staff should be separated
from the entry, flow and exit of radioactive materials.

3.4.6. Facilities for in-house preparation of kits

In departments where kits are prepared in-house, extra facilities are
needed that are preferably distinct from those used for radioactive manipula-
tions. For such non-radioactive, non-hazardous manipulations the most suitable
solution is a laminar flow cabinet in which the flow of air is horizontal from the
back of the cabinet, over the materials being processed and towards the
operator. Such arrangements provide a high degree of protection against
contamination of the product but are unsuitable when handling radioactive
materials.

In these departments a lyophilizer will be necessary for the preparation
and subsequent storage of freeze dried kits with a long shelf life. The require-
ments for such arrangements are beyond the scope of this manual.
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FIG. 3.3. Typical layout for a radiopharmacy preparing a range of radiopharmaceuticals.

3.5. MEDICAL PHYSICS

The role of the medical physicist is varied and will depend on local

requirements. In most cases the physicist will not require a specific laboratory
but will operate from a standard office. However, there is a need to provide for

the following (even where no physicist is employed):

(a) Radiation safety:

— Provision of a storage area for decontamination kits and radiation

monitors;
— Maintenance of records.
(b) Quality control:

— Provision of a storage area for test phantoms (which will at times be

radioactive);

— Provision of an area for assembling and filling phantoms (allocation of
a non-sterile sink in the vicinity of the hot laboratory).
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(c) Equipment maintenance:

— Provision of a workbench equipped mainly for electronic testing and
repair (if direct maintenance work is performed);

— Provision of an oscilloscope and Avometer; storage for electronic parts.

(d) Computer system management and software development:

— Access to a workstation dedicated to these functions (or shared use,
preferably on a system that is not used for routine acquisition and
analysis).

(e) General administration:
— Provision of a personal computer (preferably networked to above);
— Provision of filing cabinets for records.

(f) Research and teaching:

— Provision of a laboratory area for experimental work may be required,
although existing facilities may be sufficient for this purpose. The
exception would be a large teaching hospital with several full-time
students. Computer workstations are an important feature of the
training area.

The medical physics laboratory is usually a slightly expanded office and
may comprise a small workbench, any necessary storage space and one or more
computer terminals. The area would normally be considered ‘non-active’ and
therefore have no specific radiation protection requirements.

3.6. POSITRON EMISSION TOMOGRAPHY
3.6.1. Introduction
3.6.1.1. Principle

PET refers to a special device or/and a study in which coincidence
detection of the dual photons released from the annihilation process between
positrons emitted from the nucleus of an atom and the free electrons in the
surrounding environment is used, instead of the single photon detection used
by a gamma camera or SPECT. Tomographic slices can be reconstructed
similarly to those in SPECT. PET studies reveal the in vivo distribution and
kinetics of positron emission radiopharmaceuticals.
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3.6.1.2. Categorization

There are several types of PET. Usually the term indicates dedicated PET
devices, which consist of 8-32 rings of detectors, either in a block design of
bismuth germanate oxide (BGO), lutetium oxyorthosilicate (LSO), granium
oxyorthosilicate (GSO) or sodium iodide (Nal) crystals. The detector arrays
are mounted on a gantry and make a complete or part circle around the patient,
enabling volume detection. The principle of coincidence detection and
tomographic imaging can be extended to a recent design using a modified dual
head SPECT system.

3.6.1.3. Advantages and disadvantages

PET is superior to SPECT in several aspects. It is more sensitive because
it can dispense with the collimators that are mandatory in gamma cameras and
SPECT studies. It also has higher spatial resolution because it provides
information about the origin of the annihilation. It provides better diagnostic
efficacy because most PET radiopharmaceuticals are biochemical molecules,
thus enabling PET to depict diseases that are biochemical in nature.

PET is, however, more dependent on the on-site production of radio-
nuclides, because most of them have short half-lives of less than 20 min. PET
requires a highly advanced, sophisticated professional operation in a relatively
developed social and technical environment. PET is also more costly than
other forms of nuclear medicine service. A dedicated PET facility costs about
$1-2 million, with another $2.4 million or more needed for a cyclotron and hot
laboratory, in addition to the expense of construction and running costs. The
initial investment is between $3 and $6 million. The production of PET radio-
pharmaceuticals can be shared by more than one facility.

PET imaging has become more widespread in recent years; this can be
attributed to the introduction of multifunctional gamma cameras, the sharing
of F FDG production and reimbursement of the studies by government
departments and insurance companies.

3.6.2. Basic concerns
At the current time, PET is the most advanced, most expensive and most
sophisticated service in the field of nuclear medicine. Before establishing a

PET service, it is therefore important to consider carefully the following
factors:
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Equipment can be chosen from a dedicated full ring PET, a dedicated
incomplete ring system or a multifunctional gamma camera (SPECT with
coincidence imaging).

The decision on the cyclotron depends on the clinical, academic and
research demands as well as the ability to market '®F FDG to nearby nuclear
medicine facilities.

3.6.3. Planning for a PET facility
3.6.3.1. Space requirements

The overall size of a PET facility and the number of rooms required
depends on whether it is integrated with an established nuclear medicine
service or not. An average facility will include:

(a) Rooms for reception:
— Scanner, control, waiting, injection, blood testing, reporting and admin-
istration rooms.
(b) Cyclotron specific rooms:
— Cyclotron, control, hot laboratory, quality control, preparation, gas
store and administration rooms.
(c) Other rooms:
— Electricity, air-water cooling, ventilator—conditioner and waste control
rooms.

3.6.3.2. Staff requirements

(a) Medical staff:
—One or two doctors;
—One or two technologists;
—One nurse.
(b) Professionals:
—One or two radiochemists/radiopharmacists;
—One physicist;
—One or two engineers and/or technologists.
(c) Other staff:
— One receptionist.

Similarly to spatial requirements, the number of staff members depends
on whether the PET facility is separate or forms part of an existing nuclear
medicine service.

93



CHAPTER 3. NUCLEAR MEDICINE SERVICES

This list of environmental requirements is indicative of an average
facility:

— Uninterrupted electricity supply;

— Clean water supply;

— Easy transportation and radiation safety;
— Humidity control.

After defining the level of service and required equipment, the director of
the service should submit a specification (Section 4.4). At this stage, it is
extremely important to plan the training of medical staff, technicians, physicists
and engineers, arrange service contracts, and make provisions for the future
updating of hardware and software.

The following can take place once installation has been completed:

— Acceptance testing;

— Phantom studies;

— Providing physicians and patients with information;
— Training of technical staff.

The following can take place after operation has commenced:

— Communication with clinicians;

— Evaluation of results;

— Follow-up;

— Joint conferences;

— Continued future technical and medical education.

3.7. CYCLOTRONS
3.7.1. Introduction

A cyclotron is a device used to produce radionuclides for PET by means
of accelerating charged particles to bombard target atoms. A PET centre is a
facility where at least one cyclotron is installed with a dedicated PET scanner.
The cyclotron used in a PET centre is a miniature type (known as a baby
cyclotron) with a lower power demand, cost and production yield than large
industrial types.

A cyclotron is composed of a pair of magnets, holding a vacuum tank in
which two or four D shaped electrodes are fixed. An ion source produces
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charged particles (protons and neutrons) in the centre of the tank. The particles
are attracted or propelled by the alternatively charged D electrodes to gain
higher energy and circle in the middle of the tank under the control of the
magnets. On gaining energy they move in a larger radius until they reach the
desired energy. The particles are then led out to a target where special atoms
are waiting. The accelerated particles bombard the target material to produce
the desired new radionuclides.

Four radionuclides that are commonly produced by cyclotrons for PET
are listed in Table 3.4.

3.7.2. Basic concerns

Although the principle of the cyclotron has not changed much since it was
first introduced by Sir Ernest Lawrence in 1932, it is still a very expensive and
complex device that requires a great deal of attention before installation can
commence. In a hospital, the cyclotron is usually installed alongside the PET
equipment. The main concern when preparing a PET service lies in the
commissioning of the cyclotron, although there are other major considerations,
such as radiochemistry.

Questions that require answers are:

(a) Is the cost of a cyclotron service, rather than the alternatives, really
justified?

(b) Does the service have the proper academic environment to take full
advantage of it?

(c) Is the workload in the centre or adjacent facility sufficient to keep the
cyclotron running?

(d) Isthere is a way to secure reimbursement of cyclotron-PET services?

TABLE 3.4. CYCLOTRON PRODUCED

RADIONUCLIDES

Radionuclide Half-life (min)
e 20

BN 10

150 2

BBp 110
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The selection of a cyclotron is a complicated process. One choice is
between a cyclotron with self-shielding or a cyclotron without self-shielding. A
decision also has to be made on the type of radionuclide produced and on
whether a gas or a liquid target is preferable.

The extremely short half-life of cyclotron produced radionuclides means
that they must be automatically synthesized into useful chemical forms for
PET. This calls for the following procedures:

(a) Establishment of a hot laboratory, including hot cells for automated
synthesizers and manual operation;

(b) Connection of the cyclotron to automatic and manual chemical units;

(c) Connection of the outlet of the gas from the unit to the PET room;

(d) Installation of proper devices for sterilization and quality control (e.g.
thin layer chromatography (TLC), HPLC and calibrator).

(e) Satisfying special requirements, such as the legal process for production
and distribution of radiopharmaceuticals.

3.7.3.  Site preparation of a cyclotron facility

As stated above, since a cyclotron is almost always affiliated to a PET
service, the principle of preparing a cyclotron site is to adapt it specifically to
the type of cyclotron and PET radionuclides in question. Most of the
preparatory measures, including the requirements for space, staff, environment
and legislation, are discussed in Section 3.6.

3.74. Establishment of a cyclotron practice

As a first step, it is vital to define the need and scope of the service. Prior
to 1990, PET was restricted to university campuses and institutes. In the last ten
years, industrial and economic developments have made PET a clinical reality.
Most experts agree that '®F FDG alone covers over 90% of clinical needs. It is
clear that not all PET facilities need an on-site cyclotron. There are commercial
suppliers of FDG and several generator systems that are able to produce
daughter radionuclides with positron emission. The cyclotron and affiliated hot
laboratory are needed in those centres that are committed to research, either
on in vivo biochemistry and physiology or on the development of radiopharma-
ceuticals and design of new drugs.

The evaluation of a cyclotron should take into account the following
factors:
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— Size, power consumption, production yield and environmental require-
ments;

— Human engineering design (e.g. vertical versus horizontal) and ease of
servicing and maintenance;

— Running costs (target materials, volume, means of transport, cooling,
etc.);

— Quality parameters and controlled methods of production.

In negotiating purchases and contracts, attention should be paid to the
service, warranty and supply of special consumable goods and spare parts, as
well as special tools for quality control, service and installation.

Room preparation is extremely important for cyclotrons. Special points
to bear in mind include weight bearing, power, ventilation, gas and water
requirements, ‘clean rooms’, chemical modules, control, transportation and
PET centres, as well as radiation protection.

Acceptance tests include those on production yield, stability and
reliability of operation.

Training in cyclotron, chemical modules, hot laboratory and quality
control should be provided for operators, physicists, service engineers and
radiochemists. The radiochemist and/or radiopharmacist play a vital role in
radiochemistry and quality control laboratories.

3.8. ESTABLISHMENT OF A
MOLECULAR BIOLOGY LABORATORY

3.8.1. Introduction

After the discovery of PCR and its application in clinical diagnosis, the
design and set-up of molecular biology laboratories underwent a marked
change. Today’s molecular biology facilities must be in the position to perform
the PCR technique coupled with molecular hybridization using radiolabelled
probes. Its extreme sensitivity means that PCR tends to generate a large
number of amplicons — amplified products that can be the main source of
contamination in future experiments, thus providing false positive results. To
circumvent this problem, it is recommended that a molecular biology
laboratory be divided into three distinct areas as described below. Other
recommendations concern good laboratory practice, both for the PCR method
and for handling radionuclides.

The ability of PCR to produce a large number of copies of a sequence
from minute quantities of DNA requires extreme care if false positives are to
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be avoided. Although false positives can result from sample-to-sample contam-
ination, a more serious source is the carry-over of DNA from a previous ampli-
fication of the same target. Because of the large numbers of copies of amplified
sequences, the carry-over of the smallest quantities of a PCR sample can lead
to serious contamination. It is essential that PCR reagents (primers, Taq
polymerase, deoxyribonucleoside triphosphates (dNTPs), water and buffers)
be stored separately from clinical samples, controls or amplicons as detailed
below in order to avoid costly contamination. Strict adherence to the recom-
mendations below will minimize the carry-over of amplified DNA.

3.8.2. PCR, contamination and good laboratory practice

Although extraneous nucleic acid from multiple sources may serve as a
template for amplification, the main cause of false positive reactions appears to
be PCR products from previous reactions. Caution should be taken when using
numerous amplifications of the same primer pair system. The following
precautions will eliminate the risk of false positives in the context of diagnostic
assays.

Reactions prior to (Areas 1 and 2) and following (Area 3) amplification
should be separated physically. To prevent the carry-over of amplified DNA
sequences, it is important to set up reactions in a separate room or containment
unit such as an ultraviolet (UV) irradiated hood or a biosafety cabinet. A
further set of supplies and pipetting devices should be dedicated to the specific
use of setting up PCRs. Amplified DNAs (post-PCR products) must never be
brought into this area nor should reagents be taken from an area where
amplicon analyses take place. Similarly, it is unwise to take devices such as
pipettors into the containment area after use on amplified material.

Separate sets of automatic pipettors, disposable pipettes, a microcen-
trifuge, tubes and gloves should be kept in each area.

Positive displacement pipettors and plugged tips, to form an aerosol
barrier, should be used in Areas 1 and 2. Positive displacement pipettes are
recommended to eliminate the cross-contamination of samples by pipetting
devices. In Area 3, normal unplugged tips can be used.

Reagents should be aliquoted to minimize the number of repeated
samplings. All reagents used in PCRs must be prepared, aliquoted and stored
in an area that is free of amplicons. It is advisable to record the reagent lots
used so that if carry-over occurs it can be more easily traced.

Laboratory precautions in the handling of radioactivity should be incor-
porated (Area 3).

A selection of the number and types of controls should be made.
Different controls should be used in each reaction:
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(b)
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Positive control: In this control the target DNA will be added to the PCR
mixture in order to determine if the reaction is working properly. For use
as a positive control, a sample should be selected that amplifies weakly
but consistently. The use of strong positives will result in the unnecessary
generation of a large number of amplified sequences. Depending on the
detection system used, as few as 100 copies of the target will suffice as a
positive control.

Negative control: In order to control the presence of contamination in the
PCR mixture, water or the same buffer in which the extracted DNAs
were resuspended (TE) is added to one of the PCR reaction tubes.
Because the presence of a small number of molecules of PCR product in
the reagents may lead to sporadic positive results, it is important to
perform multiple reagent controls. The reagent controls should contain
all the necessary components for PCR but without the addition of the
template DNA. This system has proved to be extremely sensitive in
detecting the presence of contaminants, as the absence of exogenous
DNA enables the efficient amplification of just a few molecules of
contaminating sequence.

Human DNA control: This control will be important to address the
specificity of the PCR assay. The specificity is evaluated by hybridizing.
The faint bands that may be seen in this control do not imply contami-
nation, but spurious products due to mix annealing of the primers to the
human genome sequences whenever the target DNA is not present.
Inhibitor control: All the negative PCR reactions should be repeated after
being spiked with the target DNA to determine whether the negative
results correspond to the absence of the target or to inhibitors. Alterna-
tively, primers directed to human genes such as human globin can also be
used.

Description of the various areas

3.8.3.1. Areal: clean area

Area 1 — the most restrictive of the areas — should be limited to the

preparation of solutions and the PCR master mix and should be subjected to
UV irradiation overnight. Positive pressure is recommended, and the area must
have access to an ice machine in order to maintain the long life of the highly
sensitive reagents. Primers and dNTPs must be kept in ice and Taq polymerase
at -20°C.
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Attention should be given to the following points:
(a) Equipment

Ideally, the equipment should be new and custom designed for the purpose.
It should never leave the room nor should it be used for a different purpose.

(b) The UV workstation

7 A plastic hood containing both a UV light and a fluorescent light should
/ be installed and the UV light turned on at least 20 min before starting
7 preparation of the master mix. The workstation should be fully decon-
taminated with 0.5% hypochloride followed by 70% ethanol. It should

hold the following items:

— Weighing scales for preparation of reagents;
— A pH meter for preparation of reagents;
— A microcentrifuge for Eppendorf tubes;

— A UV irradiator (a UV apparatus that should irradiate (4000 J) all
the pipettes, microfuge tubes, previously opened tip boxes, micro-
centrifuge rotor, etc.).

72 @ W ©
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General equipment

— A refrigerator and freezer;

— A vortex;

— A hot plate magnetic stirrer;

— A timing device;

— Laboratory coats, gloves and safety glasses;

— One set of micropipettes (20, 200 and 1000 ul.) and the respective
plugged tips.

Linking Areas 1 and 2, a corridor with a water purification system
(rectangle) and biosafety shower (circle) should be present.

3.8.3.2. Area 2: for extraction of nucleic acids from clinical specimens
This area is dedicated to the handling of clinical samples and extraction of

nucleic acids. Several pieces of apparatus and material from Area 1 will also be
present in Area 2, including a UV workstation, microcentrifuge, UV irradiator,
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refrigerator, freezer, vortex, timing device, laboratory coats, gloves, safety
glasses, one set of micropipettes (20, 200 and 1000 ul.) and the respective
plugged tips. Additional equipment needed to perform the activities to be
carried out in Area 2 include:

(O A standard clinical centrifuge;
Il A dry heat temperature block;
B A thermocycler biohazard container for biological waste.

A standard sink is also necessary in this area and is represented by an ellipse.
3.8.3.3. Area 3: post-amplification area — contaminated area

In Area 3, all PCR products are analysed by methods such as agarose or
acrylamide gel electrophoresis and hybridization.
Gel electrophoresis is represented by:

1 A power supply;
B Gel boxes.

After gel electrophoresis, the products are usually stained with ethidium
bromide and visualized under UV light in a dark room, using a transilluminator
and a camera. Area 3 should have dedicated sets of micropipettes (20, 200 and
1000 uL). The UV irradiator will be useful for linking DNA or RNA to nylon
membranes. Other equipment needed in Area 3 includes a microcentrifuge, a
pH meter, weighing scales, freezer, refrigerator, hot plate magnetic stirrer, dry
heat block and microwave oven.

2 A radiation area, composed of an acrylic protection shield (1), a
[ Geiger-Miiller counter (2), radiation waste (3), a microcen-

! 3. trifuge (4) and a dry heat block (5), should be available for
@ hybridization experiments.

H

S

A hybridization oven is important in order to optimize the
5 experimental conditions. A biosafety shower should be
available.
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Other required apparatus includes a multichannel pipettor and tips,
disposable reagent reservoirs, vortex mixer, timing device, refrigerator, freezer,
graduated glassware, laboratory coats, gloves (protective, latex and powder
free), safety glasses and a biohazard container (radiation).

3.8.3.4. General workflow

In order to achieve maximum efficiency it is essential to establish a
culture of good practice in a molecular biology laboratory. Hence, there should
be no contact between the pre-amplification areas and Area 3. The considera-
tions outlined in the following paragraph should be kept in mind.

The PCR master mix is prepared in Area 1 and added to a tray containing
tubes. It should be stored in the refrigerator until needed in the specimen
preparation area (Area 2). Specimens and controls are processed in Area 2 and
added to the tubes that are placed in the thermocycler. Products are submitted
to agarose gel electrophoresis (Area 3 — with options of Southern or dot blot,
radioactive labelling and hybridization) in the radiation area.

The strict observance of standard biosafety laboratory practices and good
laboratory protocol PCR and molecular hybridization with radionuclides
should be monitored to ensure the integrity of tests. The following rules are
applicable:

(a) Personnel should always work in one direction, from pre-PCR to post-
PCR areas, to avoid carry-over contamination from amplified products.

(b) Post-PCR should be kept as far as possible from pre-PCR, to avoid
aerosol contamination.

(c) Working surfaces in each area must be decontaminated with 0.5% sodium
hypochloride, followed by 70% ethanol before performing assay
procedures in this area.

(d) Specimens must be stored separately from reagents, to avoid contami-
nation of open reagents.

(e) When handling material containing DNA and/or RNA or amplicons, it is
essential to use a pipettor with a plugged (aerosol barrier) tip or a positive
displacement tip — post-PCR pipettors must never be used in pre-PCR
areas.

(f) To avoid possible aerosol contamination, all centrifuges should be kept at
a distance from areas where the operator is preparing the master mix and
controls and adding prepared specimens to the PCR master mix.

(g) Dry baths or dry heat blocks should be used in preference to water baths,
in order to avoid specimen contamination.
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3.9.

3.9. RADIATION SAFETY

Laboratory coats must be worn in all areas — the coat worn in post-PCR
areas should never be worn in pre-PCR areas.

Gloves must be worn at all times, both for operator safety and to control
the spread of contamination from one area to another — they must be
changed before moving to the next work area so that gloves worn in the
specimen preparation area are never worn in the reagent preparation
area and gloves worn in post-PCR areas are never worn in pre-PCR
areas.

Tubes should be spun before they are opened and care should be taken
during the uncapping and closing of tubes.

There should be minimum handling of samples.

Non-sample components (ANTPs, primers, buffers and enzymes) must be
added to the amplification reactions before the addition of sample DNA
— each tube should be capped after the addition of DNA, before
proceeding to the next sample.

RADIATION SAFETY

The key considerations in the planning, design and setting up of a nuclear

medicine department are as follows:

(a)
(b)

(©)

(d)

(e)
()
(2
(h)

Allowance must be made for both diagnostic and therapeutic procedures.
Unnecessary radiation exposure to staff, patients and visitors must be
avoided, or kept within any limits required by the BSS or a local
regulatory authority.

Walls, doors and observation windows may require shielding; a
calculation should be made on a case-by-case basis, depending on the
distance to occupied areas, the rate of occupancy and estimated workload
(e.g. GBg-h/week) for the various radionuclides to be used.

The equipment used for imaging and radiation measurement is highly
sensitive, and this must be taken into account when installing shielding;
SPECT equipment can be even more sensitive.

Moveable shielding should be used wherever possible to minimize fixed
shielding, for example to shield technologists.

Therapy areas must be well separated from diagnostic areas; ideally there
should be separate access, i.e. corridors for patients and staff.

Traffic patterns must be designed to keep movement of radioactive
sources, including radioactive patients, away from imaging equipment.
The ventilation of any airborne radioactive material must be considered.
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(i) Surface areas (floors, work surfaces and walls) of rooms and corridors
must allow for easy decontamination.

Areas where unsealed radionuclides are used are classified as low,
medium or high hazard, the hazard level determining design requirements.
Classification of the hazard level involves three steps:

(1) Firstly, a decision is made on the maximum activity foreseen for each
radionuclide used in each room;

(2) This is multiplied by the weighting factor for the respective radionuclide
(Table 3.5);

(3) And multiplied again by an operation weighting factor (Table 3.6)
appropriate to the work to be performed.

The hazard category is then determined from the weighted activity by
referring to Table 3.7. If more than one radionuclide is to be used, the highest
hazard category determined should be applied.

The general design requirements are then taken from Table 3.7 (modified
from the requirements given in a forthcoming IAEA publication on radiation
protection (see Bibliography to this chapter)).

The following calculations serve as examples, when up to 5 GBq of *™Tc
is to be used in the radiopharmacy for simple wet dispensing and labelling, as
well as up to 4 GBq of *' to be stored for use in therapy:

(a) Technetium-99m:

Activity =5 GBq (5000 MBq)
Radionuclide weighting factor = 1.0

Operation weighting factor  =1.0

Weighted activity =5000 x 1 x 1 =5000 MBq

From Table 3.7, the hazard category is medium.
Similarly, for
(b) Iodine-131:
Weighted activity = 4000 x 100 x 0.01 = 4000 MBq
From Table 3.7, the hazard category is medium. The radiation protection

requirements for each hazard category are given in Table 3.8.
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Radionuclide therapy areas in patient wards may need special shielding
and construction according to the type of therapy provided. More information

is given in Section 6.

TABLE 3.5. RADIONUCLIDE WEIGHTING FACTORS

Radionuclide Factor
Se-75, Sr-89, 1-125, 1-131, P-32, Y-90, M0-99, Sm-153 100
C-11, N-13, O-15, F-18, Cr-51, Ga-67, Tc-99m, In-111, In-113m, 1.0
1-123, T1-201

H-3, C-14, Kr-81m, Xe-127, Xe-133 0.01
TABLE 3.6. OPERATION WEIGHTING FACTORS

Type of operation or area Factor
Storage 0.01
Waste handling 0.1

— imaging or counting (radionuclide administration elsewhere)

— patient waiting area

— patient bed area (diagnostic)

Dispensing 1.0
— radionuclide administration

— imaging or counting (radionuclide administration in same room)

— simple radiopharmaceutical preparation

— patient bed area (therapy)

Complex radiopharmaceutical preparation 10.0

TABLE 3.7. HAZARD CATEGORIES

Weighted activity (MBq) Category

<50 Low
50-50 000 Medium

>50 000 High
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TABLE 3.8. RADIATION PROTECTION REQUIREMENTS FOR EACH
HAZARD CATEGORY

Hazard category

Low Medium High
Structural Nil Possibly Probably
shielding
Floor Cleanable Continuous and Continuous and
cleanable, welded cleanable, welded
to walls to walls
Surfaces Cleanable Cleanable Cleanable
(where appropriate)
Fume hood No Yes Yes
(where appropriate)
Ventilation Normal Good May need special
forced ventilation
Plumbing Normal Normal May need special
plumbing
First aid ‘Wash basin Wash basin and Wash basin and
decontamination decontamination
facilities facilities

BIBLIOGRAPHY TO CHAPTER 3

INTERNATIONAL ATOMIC ENERGY AGENCY, Manual on Radiation Protection
in Hospitals and General Practice, Vol. 4, TAEA, Vienna (in preparation).

LAZARUS, CR., “Design of hospital radiopharmacy laboratories”, Textbook of
Radiopharmacy Theory and Practice, 3rd edn (SAMPSON, C.B., Ed.), Gordon and
Breach, New York (1999) 205-212.

MANI, R.S., “Radiopharmacy practices”, Handbook of Nuclear Medicine Practices in

Developing Countries (GANATRA, R., NOFAL, M., Eds), International Atomic
Energy Agency, Vienna (1992) 123-166.

106



Chapter 4

INSTRUMENTATION

4.1. INTRODUCTION

The quality and reliability of imaging instrumentation is critical to the
practice of nuclear medicine. The design of equipment and the associated appli-
cations software have evolved rapidly and, to some extent, continue to be
developed. This makes it difficult to take appropriate decisions as to what to
purchase. Selection criteria should include flexibility in use, reliability and
backup, with features determined by the desired function. It is important to
ensure that equipment is specified to meet full requirements and, where
possible, contractual conditions are in place to ensure the performance of the
delivered system, as confirmed during acceptance testing. Nuclear medicine
instruments are particularly sensitive to environmental conditions and conse-
quently require strict control of temperature and humidity, as well as a
continuous and stable power supply. Regular assessment is required to confirm
stable operation using the quality control testing that is achievable in practice. It
should be emphasized that National Electrical Manufacturers Association
(NEMA) tests are primarily designed to permit meaningful comparison of
specifications and are not intended for routine quality control. All three aspects
(specifications, acceptance testing and routine quality control) are important to
ensure effective clinical operation.

The instrumentation in nuclear medicine falls logically into three main
sections: single photon imaging instruments (including SPECT), dual photon
imaging instruments (combining the various approaches to PET) and various
other non-imaging instruments. There are well established criteria for specifi-
cation and testing of single photon instrumentation; however, the dual photon
imaging field has only developed recently with the introduction of relatively
inexpensive coincidence circuits for dual head gamma cameras. Guidelines for
both specification and testing of PET equipment have recently been revised.
The miscellaneous other equipment tends to utilize well established technology,
even in the case of relatively new innovations (e.g. surgical probes). It is beyond
the scope of this publication to provide a comprehensive coverage of instrumen-
tation. The manual offers introductory information that may provide the reader
with an improved understanding of performance specification and testing,
referring the reader to more specific texts that can be used for a more detailed
study.
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4.2. PURCHASE OF IMAGING EQUIPMENT
4.2.1. General considerations

The following factors should be considered when purchasing nuclear
medicine imaging equipment. It is recommended that a single head gamma
camera with computer and SPECT capability be considered the minimum level
of equipment for a new nuclear medicine department, although a dual head
camera may be considered cost effective.

4.2.1.1. Required function

Consider the reason for buying a new imaging system carefully. An
appropriate configuration should be selected to best match the desired end
application, bearing in mind that the system may need to be used for other
functions at some future date. The availability of specific features, software or
accessories that meet the defined function is likely to be one of the main
deciding factors in selecting a suitable system.

4.2.1.2. Service availability

It is critically important that there be demonstrated service capability in
the country and a guaranteed support for the system. In considering the overall
cost of a system, maintenance contract costs should be included and considered
essential.

4.2.1.3. Performance characteristics

Direct comparison of performance characteristics is possible due to the
standard use of NEMA specifications. International Electrical Council (IEC)
standards that are applicable in the European Union (EU) are an extension of
the tests suggested by the European Economic Community (EEC) but are not
commonly applied. For details see the bibliography to this chapter. Competition
between companies usually results in very similar specifications, so much so that
other factors generally determine the system of choice.

4.2.1.4. Demonstrated capability
Care should be taken in selecting completely new designs, as it is common

with new systems for problems to manifest themselves that will be resolved in
later models. At the same time, it is inadvisable to select a system that has been
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superseded. Users should be consulted on the performance of previously
installed systems of the same design.

4.2.1.5. Ease of upgrade

It is important that systems can be easily upgraded and that software can
be updated for several years after purchase.

4.2.1.6. Compatibility

In some circumstances, the system purchased should be compatible with
existing systems in the department. Advantages include the familiarity of staff
with operation, sharing of accessories and proven availability of support.
Provision for transferral of data between systems and general networking has
increasing importance.

4.2.1.7. Flexibility

The flexibility of the system selected is crucial. For example, any SPECT
system should be able to be used for a range of studies, both planar and SPECT,
rather than being restricted to specific studies. Some ability to adapt software to
match local requirements is desirable.

4.2.1.8. Ease of use

Ideally, the system should be easy to use, with manual override available
for any automatic features (e.g. collimator exchangers). The computer’s user
interface should also be easy to use.

4.2.1.9. Selection of accessories

A wide range of accessories is normally available, but should be chosen to
meet anticipated needs. Special attention must be given to the selection of colli-
mators. Accordingly, it would be advisable to include a high resolution
collimator, particularly for SPECT studies.

4.2.1.10. Cost

Obviously cost is a critical factor. However, there are instances where
increased cost may be justified in terms of more effective use of the equipment.
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One example is the choice of a dual detector system rather than a single
detector system.

4.2.2. Contractual considerations

When purchasing an imaging system it is imperative that a document be
prepared that not only defines the requirements of the system to be purchased
but also clearly outlines the obligations placed on both the supplier and the
receiving institution.

A list of the required specifications of the imaging system is very
important. In addition to the specification sheets made available by the vendors,
the user should also consider the main studies to be performed on the camera
and the specifications necessary to obtain optimal clinical results.

Complete operation and service manuals should be supplied with the
gamma camera and should remain the property of the user. Appropriate
radiation sources and phantoms needed for quality control tests should be
purchased at the time of instrument acquisition. Software should be available to
quantify quality control results.

Bids should clearly define the instrument’s performance specifications,
referring to the 