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Chapter 32

TRAINING IN NUCLEAR MEDICINE

Based on the recommendations of IAEA/WHO Seminar
8-12 August 1988, Vienna, Austria

Introduction

Nuclear Medicine is defined as a clinical specialty that utilizes the radionuclides for
diagnosis, therapy and medical research. The radionuclides are used as unsealed sources of
radioactivity. The diagnostic applications include both in vivo and in vitro uses of
radioisotopes. There is hardly any medical research which does not use radioactive
compounds. Only clinical research is considered within the purview of nuclear medicine. The
above seminar reviewed the needs of training in nuclear medicine mainly for the physicians
with special emphasis on the needs of the developing countries.

A somewhat similar Seminar was held under the auspices of the WHO and the IAEA at
Vienna, Austria, on 18-29 November 1974. At that time nuclear medicine was one of the
emerging clinical disciplines of medicine. The recommendations of the Seminar described in
details the preparation and training of those likely to be involved in its application and use.
Since that time, nuclear medicine has developed into an independent medical specialty and
has already established reputation as a reliable diagnostic and effective therapeutic tool in
clinical medicine, as well as establishing itself as indispensable in many academic and
investigative undertakings. Although several new diagnostic technologies have emerged in
recent years and have influenced the pattern of the utilization of nuclear medicine; in the
main, nuclear medicine procedures continue to provide unique, useful and accurate clinical
information in a cost-effective manner. Consequently, training programs in nuclear medicine
should respond to the demands of this ever-growing and dynamic field.

The need for guidelines for training of nuclear medicine physicians such as those set in
1974 have become essential as more medical workers have taken up nuclear medicine as their
field of specialization and as technology and instrumentation have become more complex and
elaborate.

"Components of Professional Competence of Nuclear Medicine Physician" published by
the American Board of Nuclear Medicine [Journal of Nuclear Medicine 27, 1986, 863-865]
is a comprehensive guide to a syllabus for nuclear medicine. A complete syllabus like this
may seem an unrealistic for a developing country that has yet to obtain its first gamma
camera. It is, however, essential that those who are going to be the leaders in nuclear
medicine over the next 20-30 years should be aware of current and possible future
developments in the field.

The approach to the training of nuclear medicine specialists in the developing countries
implies that a substantial proportion of students would acquire knowledge and experience in
more advanced countries, in spite of the attendant danger of frustration upon their return
home and possible "brain drain".
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The establishment of centres of excellence with advanced facilities and training schemes,
located on a regional basis in developing countries, appears to be an ideal solution but there
would be problems in selecting suitable sites in most areas.

The duration of existing courses in nuclear medicine varies widely between countries;
from the one year M.Sc. course of the University of London to four or five years courses in
some of the advanced countries. It should be recognized that the duration of the training
would vary from one country to another to suit the local conditions and to conform to the
pattern and format of other postgraduate training programs in the University. However, it was
felt that a training period of less than two years in an advanced laboratory would be
inadequate.

Statements.

1. Nuclear medicine should be identified as a recognized medical specialty and
departments of nuclear medicine should be established in all post-graduate teaching
hospitals.

2. Nuclear medicine should be included in the undergraduate medical curriculum for
the purposes of informing medical students of its clinical utility and to identify
nuclear medicine as a career option.

3. Candidates for nuclear medicine postgraduate training must be qualified and
licensed medical graduates.

4. Nuclear medicine is a clinical specialty and its graduates must be competent
clinicians.

5. The duration of nuclear medicine training program shall be left to the discretion of
the certifying board of its country but should not be less than two years.

6. In spite of the development of non-radionuclide imaging modalities, nuclear
medicine continues to thrive especially in functional studies. Moreover, newer
applications continue to develop with their own unique advantages.

7. The capital and operating costs of a nuclear medicine facility are small compared
to CT and NMR.

8. Standards for training programs should not differ between developed and
developing countries.

9. Formal certification in nuclear medicine should provide a career structure for
specialists. There should be enough job opportunities in the country to attract new
trainees.
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10. Introductory courses and short special courses serve an useful purpose and can
meet specific needs but should not be equated with a formal specialty training
program.

11. Core curriculum should be uniformly defined, and should be inviolable. Additions
may be made as required by the respective national training programs.

12. The teaching of the theoretical aspects of nuclear medicine should be adequate to
explain the basis of pre-clinical and clinical work and to enable the future
specialists to adapt to the evolving modes of practice throughout his career.

13. Training in-vitro assays should be an integral part of the curriculum.

14. Training in nuclear medicine can be advantageously accomplished in accredited
Regional Training Centers.

15. When allocating fellowships and grants, regional possibilities should be explored
before consideration of placements abroad.

16. Fellowship and other grants for training abroad should have a specified purpose
and plan of application in the home country.

17. Institutions desiring to start a training program in nuclear medicine should be using
a representative array of current generation equipment.

18. Operation of nuclear medicine unit is a multi-disciplinary effort with the
participation of all relevant professional groups in the instruction of trainees.

19. Agencies such as the IAEA and the WHO should closely integrate their activities
in support of nuclear medicine, particularly in developing countries.

Entrance qualifications, types of training and examinations:

Within any country, the authority for establishing standards of training and the
certification of nuclear medicine specialists should lie with a body concerned with the entire
field of nuclear medicine.

The certification should be after an integrated program of training in the entire field of
nuclear medicine.

The clinical training and demonstrations, and "on the job" practical training in nuclear
medicine, should take place in centralized departments of nuclear medicine or in an integrated
program involving a group of associated departments. The training program should be under
the direction of a full-time physician qualified and experienced in nuclear medicine.

635



CHAPTER 32

NM is a clinical specialty and sound clinical training and experience are essential for the
practice of NM. Physicians entering the field of nuclear medicine should therefore have to
obtain, during training, a sound background of broad clinical experience, in accordance with
national program requirements.

For nuclear medicine specialists, there should be at least two years of full-time training.
The duration may vary from country to country so as to be commensurate with the university
requirements for other medical qualifications but should not be less than two years.

A comprehensive examination should be held on completion of training under the
direction of the certifying body, including the basic aspects and methods of nuclear medicine,
and its clinical applications. In view of the latter requirement, the examination should include
testing on actual clinical situations.

Institutional requirements for training.

General considerations.

Specialization training should be given in centralized nuclear medicine departments of
such a nature that the full-time specialist in the whole field of nuclear medicine could receive
his full training in them, or in an integrated rotation through affiliated establishments or
specialized institutions. In the latter case, it would be essential that the training program be
coordinated, with guidance from one of the establishments, and that the total content of the
program would be equivalent to that based on a single centralized nuclear medicine
department.

The facilities provided for the training of a full-fledged nuclear medicine specialist should
be of such an extent and composition as to provide ample clinical experience. The program
should allow adequate opportunity for trainees personally to study patients undergoing nuclear
medical procedures, in vitro and in vivo laboratory studies, and nuclear medicine therapy.
It should be of sufficient scale and diversity to provide a broad experience of the various
types of clinical applications of radionuclides in diagnosis, treatment and follow-up. There
should be adequate case notes and records of the results of investigations and treatment, so
that the role of nuclear medicine in the care of the patient and in the diagnosis and control
of disease could be fully demonstrated and incorporated in the training. It is desirable for
training, as well as for practice, that departments of nuclear medicine should have beds
available to them for the admission of patients for certain types of investigations and/or
therapy.

Adequate lecture and seminar rooms, audiovisual aids, library, laboratory equipped to
conform to radiation safety codes and other related facilities should be readily available in the
training environment. The library should include adequate nuclear medicine literature
including basic textbooks, monographs on special nuclear medicine topics and nuclear
medicine periodicals.
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Staff

The training staff should, whenever appropriate, include physicians certified in nuclear
medicine and an array of scientists which may typically, but not exclusively, include medical
physicists, radiopharmacists, radiochemists, specialists in medical informatics, electronic
engineers and nuclear medicine technicians. The above list should not be considered to be
exclusive and other medical specialists could, with advantage, contribute to the training
program.

Curriculum

Specialized training in nuclear medicine is discussed in this report under fields of
application into which the practice may be conveniently, albeit arbitrarily, divided.

In-vivo studies

These include all studies in which radioactive substances are administered to patients.
Static or dynamic imaging and non imaging dynamic studies are examples.

Imaging methods are of great diagnostic importance in a large number of clinical fields,
and ordinarily represent the most widely used group of in vivo methods. While the basic
forms of instrumentation, by gamma camera or by rectilinear scanner, are common to most
such applications as well as to organ function studies, the particular techniques applicable to
different problems vary widely, and the subject requires detailed attention in training.

Organ function studies

While the functional activity of some organs or parts of organs can be best studied by
quantitative examination of imaging data, the simple in vivo determination of the rate of
uptake, turnover or discharge of a radionuclide or radiopharmaceutical with simpler
instrumentation is also of great clinical value in a number of instances. The techniques
involved differ for different organs and need emphasis in training.

In-vitro studies

In a rapidly increasing number of important determinations, the radionuclide is not
administered to the patient but is added to a sample in vitro to determine in blood very low
concentrations of substances of biological interest such as hormones by techniques like
radioimmunoassay.

These purely in vitro assays apply to a wide variety of determinations of clinical
importance, and probably represent the types of radionuclide procedures that are most
commonly being performed, particularly in developing countries.
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Therapy

Although nuclear medicine is essentially diagnostic there are a limited number of
therapeutic applications. They are possible because of the local concentration or retention of
radioactive materials administered (in unsealed form) by various routes, and effective as a
result of selective irradiation, destruction or inhibition of pathological tissues.

Stages of training

The various levels of training in nuclear medicine are:

(a) Education in nuclear medicine at undergraduate level to all
medical students to acquaint them with the scope and
applications of nuclear medicine procedures, the general
basis of its methods and radiation protection aspects. The
student should also be made aware of other sources of
exposure to ionizing radiations including that from natural
sources.

(b) Postgraduate training in other medical specialties should
include information on the application of nuclear medicine in
the specialty concerned.

(c) Postgraduate training in all aspects of nuclear medicine was
considered to be the preferred training for all those engaged
in the practice of nuclear medicine. The training for this
group should have a core of basic scientific training which
will include training in relevant aspects of nuclear physics,
instrumentation, mathematics, radiation biology, radiation
protection, radiopharmaceuticals and data processing.

(d) Continuing education is essential since the physiological
understanding and the technological basis underlying nuclear
medicine studies continue to evolve rapidly. The
requirement can be met in part through periodic participation
in continuing education courses. Such courses may be of
value when given for specialists in nuclear medicine,
specialists in other branches of medicine dependent upon the
application of the results of radionuclide procedures in their
work, and other non-medical professionals engaged in work
with the medical uses of radionuclides.

Outline of subjects required at the various stages of training
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Undergraduate education.

The following outline deals with those subjects relevant to nuclear medicine in which
instruction should be received as part of the general training of a doctor up to the stage at
which he attains his medical degree or diploma qualifying him to practice medicine. In
countries where the degree becomes registrable only after a year of clinical work in hospital,
the "undergraduate" period is taken as that preceding this year of hospital duty.

Pre-clinical education.

It was not thought that nuclear medicine should be dealt with as a separate subject in this
already overcrowded part of the students' instruction, but it would certainly be valuable that
the methods used in nuclear medicine and the results obtained by it should be illustrated
during teaching of the traditional subjects involved in this stage in training.

Anatomy.

The imaging procedures of nuclear medicine regularly give evidence of the outline of
anatomical structures in the living subject and illustrate the normal variations in size, position
and shape of such organs as the liver, spleen and thyroid. In view of the development of
tomographic techniques it is essential that sectional anatomy be taught and its significance
emphasized.

Physiology and medical biophysics.

The seminar considered it to be most important that teachers of physiology should be
aware of, and should utilize, the findings of nuclear medicine in the teaching of these subjects
to undergraduate students. It should be emphasized that a wealth of physiological information
can be obtained from nuclear medicine investigations with examples such as neurological
studies etc.

Nuclear medicine should also have a prominent role in the teaching of endocrinology,
particularly in regard to the thyroid of which the functional behavior has been elucidated
extensively by radionuclide techniques.

Biochemistry.

Teachers of biochemistry will ordinarily be familiar with, and likely to describe or
demonstrate, the use of tracer methods in an analysis of biochemical systems. Various
applications of radioisotope techniques to areas such as molecular biology, intermediate
metabolism, neurology etc, should be taught at this stage.
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Pharmacology.

The use of a variety of labelled chemical agents as radiopharmaceuticals in nuclear
medicine involves the need for appropriate instruction at the pregraduate stage in the
metabolic pathways, kinetics, and routes of excretion of these substances and of their
radioactive labels.

The student should thus have some knowledge of the metabolism of the chemical
elements and substances most commonly used in nuclear medicine.

Mathematics.

It was recognized that this subject would not usually be taught as a separate part of a
pre-clinical course. It is recommended, that the student at his pre-clinical stage should master
mathematics as far as elementary calculus.

Some general knowledge of statistics is clearly required in any pre-clinical training and
the particular requirements of nuclear medicine add very little to the general training needed
at this stage, although it is important that some knowledge of the Poisson distribution should
be acquired.

With regard to computers, he should know the scope and limitations of computer
procedures and should be able to formulate a problem in a form that is computer compatible.
He should be taught how to use computers and when they should be used.

Clinical work.

During the clinical undergraduate stage, the methods of nuclear medicine should be illustrated
continuously when patients are being investigated by these procedures. It is an important
aspect of clinical training that students should accompany their patients referred for nuclear
medicine investigation to the nuclear medicine department so that they can observe and
evaluate the procedures involved and the results. In addition it is recommended as a desirable
part of clinical training that the student should be attached for a suitable period to a
centralized nuclear medicine department.

Radiation exposure and protection.

It was strongly recommended that at some, preferably early, stage in his course the
student should receive general instruction in the amount of radiation exposure received from
natural sources and the added amounts from artificial sources, including the medical
procedures. He could thus attain a proper perspective as to the potential dangers of ionizing
radiations, the benefit derived from the medical uses and risks of radiation exposures. If he
becomes aware of radiation as a normal component of the environment and that typical
nuclear medicine diagnostic studies add little to this exposure, he will be better able to
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reassure patients requiring such investigations or to assess the justification for such
investigations.

This instruction would entail some knowledge of effective dose equivalent, quality factor,
exposure and the related elements of radiation physics together with definitions of relevant
units.

During the teaching of micro-anatomy or cytology, in the description of sub-cellular
constituents including chromosomes, the attention of the student should be drawn to the
effects of radiation on these structures and to the importance of radiobiological studies as a
whole.

THE SYLLABUS FOR COMPREHENSIVE TRAINING IN NUCLEAR MEDICINE.

The nuclear medicine physician requires broad knowledge and experience in medicine.
The nuclear medicine physician must be prepared intellectually to extend the scope of nuclear
medicine beyond current methodology as the specialty advances.

Upon referral of a patient for consultation, a nuclear medicine physician must be
prepared to:

(a) Obtain pertinent information from the patient and other
relevant sources,

(b) Perform a physical examination related to the consultation,

(c) Select and carry out appropriate procedures in a manner that
is safe to both patient and staff.

(d) Interpret the results, arrive at a reasonable diagnosis after
correlating all clinical and laboratory information available,
and issue a timely report.

(e) Recommend further investigations or treatment when
appropriate.

(0 Assume full responsibility for patient management, if nuclear
medicine therapy is indicated.

(g) Institute quality control measures in the practice of nuclear
medicine,

In order that a nuclear medicine physician can effectively and efficiently shoulder these
responsibilities a special knowledge in the following areas is essential.
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1. Physical sciences.

(a) Elementary aspects of the structure of matter.

(b) Modes of radioactive decay with special emphasis on
radionuclides commonly used in nuclear medicine.

(c) Emissions accompanying radioactive decay, and their
biological implications.

(d) Interactions of radiation with matter.

(e) Basic physics of other imaging procedures including X-ray
computed tomography, nuclear magnetic resonance, and
ultrasonography.

2. Instrumentation.

(a) Principles of radiation detection and detectors.

(b) Nuclear medicine instrumentation including gamma
scintillation cameras, scanners, dose calibrators, tomographic
imaging devices, positron imaging instruments, whole body
counters, gamma well counters, liquid scintillation counters,
monitoring devices and bone densitometers.

(c) Quality control of nuclear medicine instruments.

(d) Collimation of radiation detectors, the characteristics of
parallel hole and other types of collimators, their response to
point, line, and plane sources.

(e) Electronic instruments, such as pulse amplifiers, pulse height
analyzers, sealers, count rate meters and computer interfaces
including gating systems.

(f) Image production and display technology including
photographic principles, with special emphasis on sensitivity,
resolution, contrast, latitude, and film processing.

(g) Principles and application of other imaging modalities as a
correlate to nuclear medicine procedures.
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3. Mathematics, statistics, and computer sciences.

(a) Fundamental concepts of mathematics including algebra,
geometry, and calculus.

(b) Probability distributions and parametric and non-parametric
statistics.

(c) The principles of medical decision making and comparative
effectiveness of tests and therapeutic procedures.

(d) Basic aspects of computer structure, function, and
programming.

(e) Computer applications with emphasis on digital image
acquisition, analysis, processing and enhancement,
tomographic reconstruction, display, and recordings of
findings.

(f) Compartmental analysis and mathematical models of
physiologic systems.

4. Radiation biology and protection.

(a) The biological effects of radiation exposure, with emphasis
on the effects of low level exposure.

(b) Administrative and technical means of reducing unnecessary
radiation exposure to patients, personnel and environment.

(c) Immunology, molecular biology and genetics.

(d) Calculation of the radiation dose from internally administered
radionuclides.

(e) the diagnosis, evaluation, and treatment of radiation
overexposure in any form.

(f) International recommendations and governmental regulations
regarding limits of radiation exposure, handling of
radioactive patients, transport of radioactive material and
disposal of radioactive wastes.

(g) Management of radiation accidents, including monitoring,
decontamination, and subsequent control.
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5. Radiopharmaceuticals.

(a) The safe handling of radioactive material.

(b) General principles of production of radionuclides by
reactors, cyclotrons, other particle accelerators and the use
of radionuclide generators preparation and labelled
compounds.

(c) Formulation of radiopharmaceuticals considering chemical
properties and quality control with special emphasis on
Tc-99m chemistry.

(d) labelled monoclonals for immunoscintigraphy

(e) Biochemistry, physiology, and pharmacokinetics of
radiopharmaceuticals.

(f) An understanding of the role of regulatory bodies applicable
to the practice of and research in nuclear medicine

(g) Economic aspects of radiopharmaceutical production and
distribution.

6. In vivo diagnostic studies.

(a) General: Clinical indications for and limitations in their
appropriate usage; normal and altered anatomy, physiology,
biochemistry, and metabolism of the various organs or
processes to be examined; technical performance of the
procedure, including proper patient preparation and patient
management before, during, and after the procedure.

(b) In vivo imaging and/or function studies, including the brain,
cerebrospinal fluid, thyroid, salivary glands, lung, heart and
vessels, oesophagus, stomach, biliary system, liver, spleen,
kidney, adrenal, bladder, bones, joints, bone marrow,
tumors and abscesses, etc.

(c) The use of imaging devices, external detectors and
computers for body organ imaging, and for time-dependent
and differential function studies.

(d) The use of physiologic gating techniques for functional
studies.

644



TRAINING IN NUCLEAR MEDICINE

(e) Patient monitoring during interventional tests such as
exercise and pharmacological administrations with special
emphasis on electrocardiographic interpretation and
cardiopulmonary resuscitation.

(f) Cellular kinetics, absorption and excretion analyses, nuclear
hematology and balance studies using radiotracers.

(g) Body composition tests, including compartmental analysis,

(h) Whole-body counting and total-body scanning.

(i) The use of stable isotopes.

(j) Relationship between nuclear medicine procedures and other
pertinent imaging modalities such as diagnostic radiology,
ultrasound, X-ray computed tomography, nuclear magnetic
resonance and digital radiography in a given situation.

7. In vitro studies.

(a) Principles of radioisotopic microanalytical techniques, such
as RIA, IRMA and related procedures, pertinent background
of immunology, molecular biology and bio-technology with
special reference to the production of monoclonal antibodies,

(b) Methods of quality control and data analysis.

(c) Setting up radioassays with bulk reagents or with kits,

(d) Binding capacity studies such as receptor assays etc.

(e) In vitro nuclear techniques in the diagnosis of communicable
diseases,

(f) Comparative evaluation of nuclear and non-nuclear assays,

(g) DNA probes and related procedures in human diagnosis,

(h) Principles of activation analysis

(i) Principles of autoradiography.
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8. Therapeutic uses of radionuclides.

(a) Patient selection, including the diagnostic procedures
necessary to establish the need for radionuclide therapy,
indications and contraindications for the use of radionuclide
therapeutic procedures and their efficacy in relation to other
therapeutic approaches.

(b) Dose administration in patient management; estimating dose
to the target area, to the surroundings tissues and/or other
organ systems, and total-body exposure; the range of doses
in each specific application; the special problems of patient
care during the radionuclide therapeutic procedure, potential
early and late adverse reactions, evaluation of the clinical
response, and the follow-up care.

(c) Specific applications: radioiodine in hyperthyroidism and
thyroid carcinoma; radiophosphorus (soluble) in
polycythemia vera and other myeloproliferative disorders,
treatment of metastatic bone disease with P-32 labelled
organic phosphates, colloidal radiophosphorus and other
radiocolloids for intracavitary therapy of malignant effusions
and treatment of chronic osteoarthritis of joints; radiolabelled
antibodies.

9. Organizational considerations.

(a) Design of laboratories

(b) staff structure

(c) care and maintenance of instruments

(d) organization of QC of nuclear medicine procedures

(e) waste disposal in a nuclear medicine laboratory

(b) Cost-effectiveness of nuclear medicine procedures

(c) Public relations

(d) Role of International Organizations.
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Practical work.

The detailed list given in the 1974 report of the IAEA/WHO Seminar on Training in
Nuclear Medicine, 18-29 March 1974 can be used as a guide to the range of experiments and
demonstrations that are of value to those studying nuclear medicine. The choice must depend
upon local facilities and needs.

Experiments and demonstrations should be supplemented where possible by audio-visual
aids. The IAEA and the WHO can provide help with this type of teaching material.

Continuing education.

The content or purpose of further education courses would include:

(a) New developments in the field.

(b) Availability of new facilities.

(c) Improvements in existing technology and knowledge.

(d) Demands for new technology and knowledge.

(e) Improving economic efficiency of a nuclear medicine
installation.

(f) Changes in generally used regulations or units.

It is of special importance that participants selected for special courses should:

(a) Have a homogeneous background of knowledge and
experience in the topics of the course.

(b) Have a good knowledge of the language in which the course
is to be given.

(c) Be likely to apply what they have learned on their return to
their parent institution.

Special courses should be arranged only by organizations that are highly competent in
the subject fields. It is desirable that some system of follow-up should be available, to
evaluate the benefit given by the course to the participant and to his parent institution, so that
future courses may, where necessary, be better adapted to the needs of participants.

No special course of the types described can, however, be regarded as replacing the need
for full training in the practice of nuclear medicine or for some limited number of
applications.
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CONCLUSIONS AND RECOMMENDATIONS.

The nuclear techniques applied to medicine and comprised under the term nuclear
medicine are of great benefit to humanity.
The full potential of the contributions of nuclear medicine to health care still remains to be
realized and appreciated in many countries.

In developing countries, the IAEA and the WHO could provide a service of great value
by establishing or developing local or regional training programs, and by facilitating and
supporting the attendance of students from developing countries for periods of training at such
advanced centers. Such assistance by IAEA and WHO in establishing and maintaining
regional training centers for nuclear medicine, particularly in regions of the world where
adequate training facilities in nuclear medicine do not at present exist, will be of immense
value.

A statement about certification of the competence of a nuclear medicine physician was
published in The Journal of Nuclear Medicine, Vol. 12, December 1971; a revised version
was published in Vol. 22, December 1981. The following revision was published in Vol. 27,
June 1986.

NUCLEAR MEDICINE PHYSICIANS

The nuclear medicine physician requires broad knowledge and experience in medicine. The
nuclear medicine physician must be prepared intellectually to extend the scope of nuclear
medicine beyond current methodology as the specialty advances. Upon referral of a patient
for consultation, a nuclear medicine physician must be prepared to:

(a) Obtain pertinent information from the patient and other
sources.

(b) Perform a physical examination related to the consultation.

(c) Select and carry out appropriate procedures in a manner that
is safe both to the patient and the staff.

(d) Interpret the results, arrive at a reasonable diagnosis on the
basis of correlation of all clinical and laboratory information
available, and issue a timely report.

(e) Recommend further study or treatment when appropriate.

(f) If requested, assume full responsibility for patient
management if nuclear medicine therapy is indicated.
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(g) Demonstrate oral and written communications skills adequate
for full exchange of information with patients and referring
physicians.

(h) Perform quality assurance programs, quality control
measures and their applications to nuclear medicine practice.

The practice of nuclear medicine requires a special knowledge in the following areas:

I. Physical Science

(a) Elementary aspects of the structure of the matter.

(b) Modes of radioactive decay.

(c) Emissions accompanying radioactive decay, and their
biological implications.

(d) Interactions of radiation with matter.

II. Instrumentation

(a) Principles of radiation detection and detectors.

(b) Nuclear medicine instrumentation, with special emphasis on
gamma scintillation cameras, but also including scanners,
tomographic imaging devices, "positron imaging
instruments," whole body counters, gamma well counters,
liquid scintillation counters, monitoring devices, and dose
calibrators.

(c) Collimation of radiation detectors with special emphasis on
the characteristics of not only parallel hole, diverging and
converging, and slant-bole collimators, but also pinhole and
coded-aperture collimators and their response to point, line,
and plane sources.

(d) Electronic instruments, such as pulse amplifiers, pulse height
analyzers, sealers, and count rate meters.

(e) Image production and display technology including
photographic principles with special emphasis on sensitivity,
resolution, contrast, latitude, and film processing,
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(f) Principles and application of other imaging modalities as a
correlate to nuclear medicine procedures.

III. Mathematics, statistics, and computer sciences

(a) Fundamental concepts of mathematics including algebra,
geometry, and calculus.

(b) Probability distributions and parametric and nonparametric
statistics.

(c) The principles of medical decision making and comparative
effectiveness of tests and therapeutic procedures.

(d) Basic aspects of computer structure, function, and
programming.

(e) Computer applications with emphasis on digital image
acquisition, analysis, processing and enhancement,
tomographic reconstruction, display, and recordings of
findings.

IV. Radiation biology and protection

(a) The biological effects of radiation exposure, with emphasis
on the effects of low level exposure.

(b) Administrative and technical means of reducing unnecessary
radiation exposure to patients, personnel, and environment.

(c) Immunology, molecular biology, and genetics.

(d) Calculation of the radiation dose from internally administered
radionuclides.

(e) The diagnosis, evaluation, and treatment of radiation
overexposure in any form.

(f) Governmental regulations regarding limits of radiation
exposure, handling of radioactive patients, and disposal of
radioactive wastes.
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(g) Management of radiation accidents, including monitoring,
decontamination, and subsequent control.

V. Radiopharmaceuticals

(a) Production of radlonuclldes by reactors, cyclotrons, other particle
accelerators and the use of radionuclide generators.

(b) Formulation of radiopharmaceuticals considering chemical
properties and quality control.

(c) Biochemistry, physiology, and pharmacokinetics of
radiopharmaceuticals.

(d) An understanding of the role of regulatory bodies applicable
to the practice of and research in nuclear medicine.

VI. Diagnostic use of radionuclides

(a) General: Clinical indications and limitations for the
appropriate usage; normal altered anatomy, physiology,
biochemistry, and metabolism of the various organs or
processes to be examined; technical performance of the
procedure, including proper patient preparation and patient
management before, during, and after the procedure.

(b) In vivo imaging and/or function studies, including the brain,
cerebrospinal fluid, thyroid, salivary glands, lungs, heart and
vessels, esophagus, stomach, biliary, liver, spleen, kidney,
pancreas, tumors and abscesses, bladder, bones, joints, and
the bone marrow.

(c) the use of imaging devices and external detectors for body
organ imaging, and for time-dependent and differential
function studies.

(d) the use of physiologic gating techniques for functional
studies.

(e) Patient monitoring during interventional tests such as
exercise and pharmacological administrations with special
emphasis on electrocardiographic interpretation and
cardiopulmonary resuscitation.
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(f) Cellular kinetics, absorption and excretion analyses, and
balance studies using radiotracers.

(g) Body composition tests, including compartmental analysis,

(h) Whole-body counting and total-body scanning.

(i) Relationship between nuclear medicine procedures and other
pertinent imaging modalities such as diagnostic radiographic
techniques, ultrasound, x-ray computed tomography,
nuclear magnetic resonance, and digital radiography.

VII. In vitro studies

(a) Methodology and quality control of radioligand assay,

(b) Binding capacity studies.

(c) Principles of activation analysis and autoradiography.

VUL Therapeutic uses of radionuclides.

(a) Patient selection; including the diagnostic procedures
necessary to establish the need for radionuclide therapy,
indications and contraindications for the use of radionuclide
therapeutic procedures and their efficacy in relation to other
therapeutic approaches.

(b) Dose administration in patient management: including dose
to the target area, to the surrounding tissues and/or other
organ systems, and total-body exposure; the range of doses
in each specific application; the special problems of patient
care caused by radionuclide therapeutic procedure, the
potential early and late adverse reactions, the timing and
parameters of anticipated clinical response and the follow-up
care and evaluation as needed.

(c) Specific applications: radioiodine in hyperthyroidism and
thyroid carcinoma; radiophosphorus (soluble) in
polycythemia vera and other myeloproliferative disorders,
and metastatic bone disease: colloidal radiophosphorus and
other radiocolloids for intracavitary therapy of malignant
effusions; radiolabelled antibody therapy.
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