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A TBIBORETICAL KNOWLEDGE

A good general background i8emedareal medicine, oncology, cardiology
endocrinology, surgergSstaylddre detailed knowledge of those conditions which may
be investigated or treated by NM technitiispeoigjistedlso use complementary meth
related to NM procd@ess incBudasound, &€Bding dynambarmacological stress
testinge@d management of emergencies and adverse Teadtiowsiatityrreimiyag
methods, such RCBnd MRS, laboratory assays, bone densitometry, other availal
complementary to NM procedures, such ,as optical imaging

NM specialists may cooperate in the assessment, prevention and treatment of |
accidental contamination or incorporation of radionuclides

Required theoretical knowledge comprises scientific principled|tfidal nuclear
integrative obj&ctives

Scientific prirgiples

- Basic knowledge in physics, statistics, mathematics and computer science

- Basic knowledge inthablmtzyg molecular,ipblggiglogy and physiopathology

- Radiation physics

- Radiobiology

- Radiochemistry

- Radiopharmacy

- Clinical radiopharmacology

- Tracer kinetic modeling

- Applications of radiopharmaceuticals and administrable or immatable m
indications, justification, gnatedaleand results, methodology and dosimetry

- Radiation protge8tiication and optizARM low as reasonably gohigMaBle
&s low as reaspnatiigatzaad limitation of 8osefor medical wepkdradiation
hazards

- Instrumentation

- Quantitative techniques in NM and thejr standardization

- Principles of radiology modalities including dual en@®&§XAulagsahsatpaadn

MRI and MRS
- Data acquisition and image processing techniques,-GeluBET; DT, SPECT
PEVMRI



- Statistics of radioactive counting
- Quality control

Clinical Nuclear Medicine
1. Radionuclide Imaging or Scintigraphy
1.1 Patternsrafliopharmaceutical uptake; normal and abnormal appearances of ir
variants and common artifacts in images of the f8llowing clinical areas
- Central nervous system
- Brain
- Cerebrospinal fluid
- Musculoskeletal system
- Bone and joint
- Soft tissue
- Cardiovascular system
- Heart
- Blood vessel
- Pulmonary system
- Gasthatestinal system
- Liver
- Biliary system
- Gastrointestinal tract
- Pancreas
- Salivary gland
- Genitourinary system
- Kidney
- Urinary bladder
- Testis
- Endocrine system
- Thyroid glandé&8idtbiabdy scan
- Parathyroid gland
- Adrenal gland
Reticuloendothelial @fs®@ratem
- Spleen
- Bone marrow
Lymphatic system
Oncology
Infection and inflammation
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- Miscellaneous
1.2 Crosectional anaasyjc clinical CT and MRI including those findings requiring f
1.3.Comprehensive knowledge of imaging déagn@shaitagesgand limitations of
various CT protocols that can b€Tsed in PET
1.4 Correlative imaging of NM images and those from other imaging techniques
1.5.Specidliagnostic investigations in cardiology, lung disease, gastroenterolog
dysfunction, nephotogy, neurology and psychiatry, endocrinology, hematology
and infection
1.6.Radionudtjdeled surgery techniques
1.7 Radiotherapy treatment planning using NM techniques
1.8.Types and applicativag obirast materials and gadolinium chelates, contraindi
contrast agents and management of their adverse reaction
. Radionuclidémaging studies
2.1.Thyroid fun8tignoid uptgleechlorate discharge test
2.2 Renal fun@i@sma clearance study
. Radiopharmaceuticals
3.1.Characteristics of an ideal radiopharmaceutical and precautions
3.2 Production of radionuclides
- Reactaroduced radionuclides
- Cyclotron products
- Nuclidgenerators
3.3 Preparation of radiopharmaceuticals
- Preparation of primary chemicals
Preparation of labeled compounds in general methods
- Exchange reactions
- Substitution
- Addition
- Replacement
- Preparation of high specific activity iodine &&eledidrmones
- Preparation of sterile kitstimti@Pharmaceuticals
- Preparation éf8Fand other PET radiopharmaceuticals
- Labeling efficiency
- Purification of labeled compounds
- Sterilization and dispensing
3.4 Quality control of radiopharmaceuticals
- Quality control of raw materials required for the production of radiopharn
- Quality control of radiopharmaceuticals
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- Radionuclide purity
- Chemical purity
- Radiochemical purity
- Biological coiltrolisding testing for pyrogens, sterility dnd undue toxicity
- Specific t@stsome labeled compounds, 'kits, colloids
3.5.Stability studies and storage conditions
- Problems of radiopharmaceuticals during storage
- Mechanism of decomposition
- Factoa$fecting stability of labeled compounds
3.6.Complications in the use of radiopharmaceuticals
- Adverse reactions to radiopharmaceuticals
- Alterations in radiopharmaceutical biodistribution
. Bone Mineral Density
4.1 Measurement of bone density
4.2 Peak bone density
4.3 Bone density with aging
4.4 Trabecular bonefd88re
4.5 Vertebral fracture assessment
4.6 Body composition analysis
. Therapeutic Uses of Radionuclides
5.1 .Basic concept
- The investigative procedures necessary to establish the need for such th
- Indications and contraindications for the use of therapeutic radionuclides
value in relation to other therapeutic approaches
- Proper techniques of administration
- Potential early and late adverse reactions
- Special problems of patient care
- Isolation @nelcaution periods for patients
- General safety precaution
- Dosimetry to the area of primary interest, to the surrounding areas, othe
or organs and the total body exposure
- Handling of waste
- Procedures in case of emergedeaturgery or
5.2 Clinical applications
- The more common therapeutic applications of r&dionuclides such as
- H.31 treatment of thyroid diseases
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- K31 MIBG in treatment of neural crest tumors such as malignant pheo
neuroblastoma, carcinoid, medullary thyroid carcinoma

- SB9, SihH3, RA3 efi®bone metastasis

- Radioimmunotherapy

- Radionuclide therapeutic applications for solid tumors such as hepatome

- Radionuclide synov®ytaowiprthesisiay radiocolloid st asloid by
intra@rticular injection for treatment of rheumatoid arthritis and other inflan
diseases

- The calculation of therapeutic dose in each specific application

- The timing of anticipated clinical response

- The follow up care and evaluation which are needed

5.3 Clinical practice

- Therapeutic uses of radionuclides
- Selection and proper management of patients before, during and afte
therapy

Integrative objé&tives

Obtain a pertinent history and perform an appropriate physical examination
Select the rapgropriate nuclear medicine examination to address the clinical pr
Integration and evaluation of the diagnostic findings with the clinical data and tt
imaging procedures and laboratory results

Comprehensive knowledge of the diagnostic algorithms in clinical fields with a I
NM examinations

Recommend further study or treatment as appropriate

Communicate effectively and promptly with patients and referring physicians in
verbal reports

Methodology for targeted imaging, and treatment

Prescription and administration of diagnostic and therapeutic radiopharmacet
administrable or implantable medical devices

Principles of other diagnostic imadingudaimigtrasound, CT, MRI, MRS

Basic principles of scientific research methodology including clinical trial desigr
Radionuclide labelling ofesdildasatyuctures and biological molecules

Participate in lifelong education and development of new skills

Assume responsibility for patient management or be an active participant in the
when nuclear medicine therapy is indicated

Develop and supervise programs for quality assurance and quality control
Regulations related to the trastspagatidisposal and use of radioactive material
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- Principles and applications of radioimmunological and immunoradiometric te
&ountry spécific
- Organization and management of a,NM department

B RRACTICAL AND CLINICAL SKILLS

Training in other specialties is required during NM training, for example inter
pediatyitie total training period devoted to clinical training in other specialties is two n
Dedicated trainingtgectiossl imaging using CT and MRI is scheduled during th
training in diagnostic,radiology
Postgraduate trainees are obliged topdayiem extave the practice of NM in order
familiarize themselves with all the techniques required from & NM practitioner, such &
- Protocols of in vivo and therapeutic procedures
- Data acquisition and processing with various types of equipment, quality cont
and labeled agents
- Interventional procedurespysiotbggcal, pharmacological and mental stress r
to diagnostic applications, and also all therapeutic interventions
- In vitro protocols and pr&oedtmespécific
- At the end of the training program, postgraduate trainees must be able to
process, analyze report and archive any type of diagnostic procedure in vi\
clinical areas mentioned in Clinical Nuclear Medicine
Training should include initial evaluation for indication, justification, administratic
applications of radiopharmaceuticals and administrable or implantable medical d
radiation protection argpfalt@vtherapy
The trainee must complete a minimum recommended number for each proce
mentioned in curticulum
Therapeutic applications should cov@r the following
1. Patient selection, including the diagnostic procedures necessary to estab
and safety of radionuclide therapy, the indications and contraindications
radionuclide therapeutic procedures, and the effectiveness of these proce
to other therapeutic approaches
2. Absorbed radiation dose, including calculation of dose to the target
surrounding tissue, to other organ systems, and to the total body
3. Patient care during radionuclide therapy, including understanding potenti
adverse reactions, additive toxicity when combined with other therapy, |
parameters of anticipated responap,cand tollbwvaluation
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4. Potential adverse effects of radiation, including carcinogenic, teratogenic
effects and doses to family members and to, the general public
5. Specific therapeutic applications, including radioiodine treatment in benig
thyroid diseases, radionuclides for metastatic bone disease, radios
radiolabeled antibody therapgriahtradiolabeled microspheres for therapy
primary and secondary liver tumors, and radiolaheled peptide therapy
The trainee must take part in therapeutic procedures per year as mentioned ir

C GDOIPETENCES

The trainee should be prepared to the basic responsibilities of g nuclear medici
The trainee should have received education i&T¢MdEioiQaiaditydControl and
Quality Assuramtiee management of NM serwffestarehesstof the NM procedures
The trainee must acquire regulatory expertise in health care problems relat
radionuclide spurces
Further practice and experience of techniques should also be I&arned in this tre
- Ethics
- Research techniqgues and evaluation
- Teaching and training
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