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The PET/CT Training Institute: 

PET Specialty Examination Review 

Course Outline Summary
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Lecture 29 Troubleshooting Image Artifacts in PET/CT  

 

 
Module 2: INSTRUMENTATION/QUALITY CONTROL  

Lecture 1 Survey Meter  

Lecture 2 Dose Calibrator   

Lecture 3 Well Counter   

Lecture 4 Scintillation Detector Systems   

Lecture 5 Theory of Operation   

Lecture 6 Data Analysis  

Lecture 7 Basic Principles of Image Fusion/Image Registration  

Lecture 8 Image Artifacts   

Lecture 9 Ancillary Equipment   

 

Module 3: RADIATION PROTECTION  

Lecture 1 Personal Protection/Monitoring  

Lecture 2 Area/Facilities Monitoring  

Lecture 3 Packaging and Storage of Radioactive Materials   

Lecture 4 Records  

Lecture 5 Radioactive Decontamination   

Lecture 6 Disposal of Radioactive Waste   

Lecture 7 Medical Events   

Lecture 8 Radiation-Safety-Manual  
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Module 4: RADIOPHARMACEUTICALS ( hours) 

Lecture 1 Radiopharmaceutical Characteristics  min 

Lecture 2 Physical Properties of Radioactive Materials  min 

Lecture 3 Positron Radionuclide Principles  min 

Lecture 4 Radionuclide Production   min 

Lecture 5 Synthesis of Radiopharmaceuticals  min 

Lecture 6 Quality Control of Radiopharmaceuticals  min 

Lecture 7 Regulatory Requirements for Radiopharmaceutical  min 

Lecture 8 Radiopharmaceuticals: C-11 Acetate   min 

Lecture 9 Radiopharmaceuticals: C-11 Choline  min 

Lecture 10 Radiopharmaceuticals: Cu-64 Dotatate  min 

Lecture 11 Radiopharmaceuticals: F-18 Fluciclovine  min 

Lecture 12 Radiopharmaceuticals: F-18 Florbetaben  min 

Lecture 13 Radiopharmaceuticals: F-18 Florbetapir  min 

Lecture 14 Radiopharmaceuticals: F-18 Flortaucipir  min 

Lecture 15 Radiopharmaceuticals: F-18 Fluorodeoxyglucose (FDG)  min 

Lecture 16 Radiopharmaceuticals: F-18 Fluorodopa (F-Dopa)  min 

Lecture 17 Radiopharmaceuticals: F-18 Fluoroestradiol  min 

Lecture 18 Radiopharmaceuticals: F-18 Flutemetamol  min 

Lecture 19 Radiopharmaceuticals: F-18 Piflufolastat  min 

Lecture 20 Radiopharmaceuticals: F-18 Sodium Fluoride  min 

Lecture 21 Radiopharmaceuticals: Ga-68 Dotatate  min 

Lecture 22 Radiopharmaceuticals: Ga-68 Dotatoc  min 

Lecture 23 Radiopharmaceuticals: Ga-68 Gozetotide (PSMA-11)  min 

Lecture 24 Radiopharmaceuticals: N-13 Ammonia  min 

Lecture 25 Radiopharmaceuticals: Rb-82 Chloride  min 

Lecture 26  Radiopharmaceutical Quality Control  min 

Lecture 27 PET Instrumentation  min 

Lecture 28 CardioGen Generators  min 
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Course Objectives 
 

 

Module 1: DIAGNOSTIC PROCEDURES 

Lecture 1: Administration of Radiopharmaceuticals, Pharmaceuticals, 

and Interventional Medications  
Objectives: 

∙ Discuss Concepts of Administration  

∙ Define Dosage Determination, Preparation, and Administration 

∙ Review Pharmaceuticals and Interventional Medications 

∙ Discuss Principles and Administration of Contrast Media 

∙ Define Factors Affecting Biodistribution of PET  

∙ Discuss Emergency Care 

 

Content: 

I. Concepts of Administration  

1. Indications 

2. Contraindications 

3. Adverse reactions 

4. Medication interactions 

5. Dosing and route of administration 

6. Pediatric considerations 

7. Routes of administration 

II. Dosage Determination, Preparation, and Administration 

1. Units - Calculations and Conversion 

2. Verify Correct Radiopharmaceutical for Exam 

3. Calculation of Radiopharmaceutical/Pharmaceutical Dose 

4. Calculation of Pediatric Dose 

5. Volume Determination 

6. Dose Determination according to Scan Mode and Equipment Type 

7. Preparation for Administration 

8. Assay in Dose Calibrator 

9. Radiopharmaceutical Labeling 

10. Administration Techniques 

11. Residual Dose Measurement 

III. Pharmaceuticals and Interventional Medications 

1. ACE Inhibitors 

2. Acetylcholine Antagonists 

3. Adenosine Agonists 

4. Adenosine Deaminase Inhibitor 

5. Anxiolytics/Hypnotics/Sedatives 

a. Barbiturates 

b. Benzodiazepines 
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c. Benzodiazepine Antagonist 

d. Non-Benzo, Benzo Receptor Agonist 

6. Antiarrhythmics (by class) 

a. Lidocaine (C1) 

b. Beta Blockers (C2) 

c. Amiodarone (C3) 

d. Calcium Channel Blockers (C4) 

e. Digoxin (other) 

f. Adenosine (other) 

7. Anticoagulants 

a. Acetylsalicylic Acid 

b. Heparin 

8. Antiseizure 

9. Beta Agonist 

a. Dobutamine 

10. Cholesterol-Lowering Drugs 

11. Diabetic Medications 

12. Diuretics 

a. Acetazolamide - Cerebral Profusion 

b. Furosemide 

13. Glucose 

14. Growth Stimulation Hormone Factor 

15. Hematopoietins 

16. Hyperinsulinemic - Euglycemic Clamp 

17. Insulin 

18. Methylxanthines 

a. Caffeine, Aminophylline, Theophylline 

19. Nitrates 

20. Steroids 

IV. Principles and Administration of Contrast Media 

1. Oral 

2. Non-Ionic 

3. Ionic 

V. Factors Affecting Biodistribution of PET Radiopharmaceuticals  

1. Disease States 

a. Ictal vs. Inter-Ictal 

b. Infectious Processes 

c. Inflammatory Disease 

d. Mild Cognitive Impairment 

2. Exercise 

3. Hydration 

4. Medicinal Factors 

a. Chemotherapy 

b. Granulocyte Colony-Stimulating Factors 

c. Erythropoiesis Stimulating Agents 

d. Psychotropics 
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e. Metformin 

f. Steroids 

g. SSRIs 

h. TPN/IV with Dextrose or Lactated Ringers 

i. Laxatives 

j. Serum Insulin Level/Insulin Pump 

k. Fluoroquinolones 

5. Muscle Tension 

6. Radiation Therapy/Radiation Treatment 

7. Serum Glucose Level 

8. Stimulation 

9. Surgery/Biopsy 

10. Surgical Variants 

11. Environment/Temperature 

VI. Emergency Care 

1. CPR (Cardiopulmonary Resuscitation) 

2. Contrast Reactions 

3. Diabetic Complications 

4. Emergency Medications 

5. Hypoglycemia 

 

 

Lecture 2: Gated Procedures: Cardiac and Respiratory  
Objectives: 

∙ Discuss Equipment 
∙ Discuss Lead Placement 

∙ Learn Sources of Error 
∙ Review Respiratory Gating Techniques 

 

Content: 

I. Equipment 

II. Lead Placement 

III. Sources of Error 

1. Patient-related errors 

2. Equipment-related errors 

3. User-related errors 

IV. Respiratory Gating Techniques 

 

 

Lecture 3: Imaging Techniques: PET Cardiology  
Objectives: 

∙ Discuss Cardiology 

Content: 
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I. Cardiology 

1. History and Assessment 

2. Clinical Indications and Contraindications 

3. Patient Preparation/Instructions 

a. Pre-Arrival 

b. Pre-Injection 

c. Post-Injection 

d. Post-Procedure - Discharge Instructions 

4. ECG's 

a. Patient Preparation, Electrode Placement 

b. Rate Calculation 

c. Normal and Abnormal Rhythms 

5. Exercise 

6. Uptake Period 

7. Patient Positioning 

a. Low Dose Scout 

b. Transmission 

c. Anatomical Markers 

8. Anatomy/Physiology/Imaging Techniques 

a. Myocardial Perfusion Imaging 

b. Myocardial Viability 

c. Myocardial Sarcoidosis 

d. Myocardial Oxygen Consumption/Hypoxic Imaging 

 

 

Lecture 4: Imaging Techniques: PET Neurology 

Objectives: 

∙ Discuss Neurology 

Content: 

I. Neurology 

1. History and Assessment 

2. Indications and Contraindications 

3. Patient Preparation/Instructions 

a. Pre-Arrival 

b. Pre-Injection 

c. Post-Injection 

d: Post-Procedure - Discharge Instructions 

4. Uptake Time 

5. EEG Monitoring 

a. Patient Preparation 

b. Seizure Activity Patterns 

6. Patient Positioning 

7. Anatomy/Physiology/Imaging 
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a. Alzheimer's 

b. Brain Tumors 

c. Dementia 

d. Epileptic Seizures 

e. Movement Disorders 

f. Other Indications 

 

 

Lecture 5: Imaging Techniques: PET Oncology  
Objectives: 

∙ Discuss Oncology 

Content: 

I. Oncology 

1. History and Assessment 

2. Clinical Indications and Contraindications 

3. Patient Preparation/Instructions 

a. Pre-Arrival 

b. Pre-Injection 

c. Post-Injection 

d. Post-Procedure - Discharge Instructions 

4.  Uptake Time 

5. Patient Positioning 

6. Anatomy/Physiology/Imaging Techniques 

a. Oncologic Indication 

b. Dosimetry Exams for Theranostics/Therapy Planning 

 

 

Lecture 6: Imaging Techniques: PET Inflammation  
Objectives: 

∙ Review Inflammation  

Content: 

I. Inflammation  

1. History and Assessment 

2. Clinical Indications and Contraindications 

3. Patient Preparation/Instructions 

a. Pre-Arrival 

b. Pre-Injection 

c. Post-Injection 

d. Post-Procedure - Discharge Instructions 

4. Uptake Time 

5. Patient Positioning 

6. Anatomy/Physiology/Imaging Techniques 
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Lecture 7: Imaging Techniques: PET Infection  
Objectives: 

∙ Review Infection 

Content: 

I. Infection 

1.  History and Assessment 

2. Clinical Indications and Contraindications 

3. Patient Preparation/Instructions 

e. Pre-Arrival 

f. Pre-Injection 

g. Post-Injection 

h. Post-Procedure - Discharge Instructions 

4. Uptake Time 

5. Patient Positioning 

6. Anatomy/Physiology/Imaging Techniques 

 

 

Lecture 8: Imaging Techniques: PET Acquisition Modes  
Objectives: 

∙ Describe Acquisition Modes 

Content: 

I. Acquisition Modes 

1. 2D 

2. 3D 

3. Time of Flight 

4. Emission 

5. Transmission 

a. Measured 

b. CT 

6. Single Bed Position 

a. Post-Injection Start Time 

b. Scan Duration 

7. Dynamic Imaging 

a. Framing Rates 

b. Injection Sites/Techniques 

8. Whole Body Imaging 

a. Post-Injection Start Time 

b. Number of Bed Positions 

c. Scan Duration/Bed 

d. Slice Overlap 

 

 

 

Lecture 9: Clinical Procedures of C-11 Acetate  
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Objectives: 

∙ Discuss the clinical applications of C-11 Acetate 

∙ Discuss the procedures of C-11 Acetate 

∙ Discuss the preparation of C-11 Acetate 

∙ Discuss the aging time of C-11 Acetate 

∙ Discuss the dose of C-11 Acetate 

∙ Discuss the acquisition protocols of C-11 Acetate 

Content: 

I. C-11 Acetate 

 

 

Lecture 10: Clinical Procedures of C-11 Choline  
Objectives: 

∙ Discuss the clinical applications of C-11 Choline 

∙ Discuss the procedures of C-11 Choline 

∙ Discuss the preparation of C-11 Choline 

∙ Discuss the aging time of C-11 Choline 

∙ Discuss the dose of C-11 Choline 

∙ Discuss the acquisition protocols of C-11 Choline 

Content: 

I. C-11 Choline 

 

 

 

Lecture 11: Clinical Procedures of Cu-64 Dotatate  
Objectives: 

∙ Discuss the clinical applications of Cu-64 Dotatate 

∙ Discuss the procedures of Cu-64 Dotatate 

∙ Discuss the preparation of Cu-64 Dotatate 

∙ Discuss the aging time of Cu-64 Dotatate 

∙ Discuss the dose of Cu-64 Dotatate 

∙ Discuss the acquisition protocols of Cu-64 Dotatate 

Content: 

I. Cu-64 Dotatate 

 

 

Lecture 12: Clinical Procedures of F-18 Fluciclovine  
Objectives: 

∙ Discuss the clinical applications of F-18 Fluciclovine 

∙ Discuss the procedures of F-18 Fluciclovine 

∙ Discuss the preparation of F-18 Fluciclovine 

∙ Discuss the aging time of F-18 Fluciclovine 
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∙ Discuss the dose of F-18 Fluciclovine 

∙ Discuss the acquisition protocols of F-18 Fluciclovine 

Content: 

I. F-18 Fluciclovine 

 

 

Lecture 13: Clinical Procedures of F-18 Florbetaben  
Objectives: 

∙ Discuss the clinical applications of F-18 Florbetaben  

∙ Discuss the procedures of F-18 Florbetaben 

∙ Discuss the preparation of F-18 Florbetaben 

∙ Discuss the aging time of F-18 Florbetaben 

∙ Discuss the dose of F-18 Florbetaben 

∙ Discuss the acquisition protocols of F-18 Florbetaben 

Content: 

I. F-18 Florbetaben 

 

 

Lecture 14: Clinical Procedures of F-18 Florbetapir  
Objectives: 

∙ Discuss the clinical applications of F-18 Florbetapir 

∙ Discuss the procedures of F-18 Florbetapir 

∙ Discuss the preparation of F-18 Florbetapir 

∙ Discuss the aging time of F-18 Florbetapir 

∙ Discuss the dose of F-18 Florbetapir 

∙ Discuss the acquisition protocols of F-18 Florbetapir 

Content: 

I. F-18 Florbetapir 

 

 

Lecture 15: Clinical Procedures of F-18 Flortaucipir  
Objectives: 

∙ Discuss the clinical applications of F-18 Flortaucipir 

∙ Discuss the procedures of F-18 Flortaucipir 

∙ Discuss the preparation of F-18 Flortaucipir 

∙ Discuss the aging time of F-18 Flortaucipir 

∙ Discuss the dose of F-18 Flortaucipir 

∙ Discuss the acquisition protocols of F-18 Flortaucipir 

Content:  

I. F-18 Flortaucipir 
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Lecture 16: Clinical Procedures of F-18 Fluorodeoxyglucose (FDG) 

Objectives: 

∙ Discuss the clinical applications of F-18 Fluorodeoxyglucose (FDG) 

∙ Discuss the procedures of F-18 Fluorodeoxyglucose (FDG) 

∙ Discuss the preparation of F-18 Fluorodeoxyglucose (FDG) 

∙ Discuss the aging time of F-18 Fluorodeoxyglucose (FDG) 

∙ Discuss the dose of F-18 Fluorodeoxyglucose (FDG) 

∙ Discuss the acquisition protocols of F-18 Fluorodeoxyglucose (FDG) 

Content: 

I. F-18 Fluorodeoxyglucose (FDG) 

 

 

Lecture 17: Clinical Procedures of F-18 Fluorodopa (F-Dopa) 
Objectives: 

∙ Discuss the clinical applications of F-18 Fluorodopa (F-Dopa) 

∙ Discuss the procedures of F-18 Fluorodopa (F-Dopa) 

∙ Discuss the preparation of F-18 Fluorodopa (F-Dopa) 

∙ Discuss the aging time of F-18 Fluorodopa (F-Dopa) 

∙ Discuss the dose of F-18 Fluorodopa (F-Dopa) 

∙ Discuss the acquisition protocols of F-18 Fluorodopa (F-Dopa) 

Content: 

I. F-18 Fluorodopa (F-Dopa) 

 

 

Lecture 18: Clinical Procedures of F-18 Fluoroestradiol  
Objectives: 

∙ Discuss the clinical applications of F-18 Fluoroestradiol 

∙ Discuss the procedures of F-18 Fluoroestradiol 

∙ Discuss the preparation of F-18 Fluoroestradiol 

∙ Discuss the aging time of F-18 Fluoroestradiol 

∙ Discuss the dose of F-18 Fluoroestradiol 

∙ Discuss the acquisition protocols of F-18 Fluoroestradiol 

Content: 

I. F-18 Fluoroestradiol 

 

 

Lecture 19: Clinical Procedures of F-18 Flutemetamol  
Objectives: 

∙ Discuss the clinical applications of F-18 Flutemetamol 

∙ Discuss the procedures of F-18 Flutemetamol 

∙ Discuss the preparation of F-18 Flutemetamol 

∙ Discuss the aging time of F-18 Flutemetamol 
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∙ Discuss the dose of F-18 Flutemetamol 

∙ Discuss the acquisition protocols of F-18 Flutemetamol 

Content: 

I. F-18 Flutemetamol 

 

 

Lecture 20: Clinical Procedures of F-18 Piflufolastat  
Objectives: 

∙ Discuss the clinical applications of F-18 Piflufolastat 

∙ Discuss the procedures of F-18 Piflufolastat 

∙ Discuss the preparation of F-18 Piflufolastat 

∙ Discuss the aging time of F-18 Piflufolastat 

∙ Discuss the dose of F-18 Piflufolastat 

∙ Discuss the acquisition protocols of F-18 Piflufolastat 

Content: 

I. F-18 Piflufolastat 

 

 

Lecture 21: Clinical Procedures of F-18 Sodium Fluoride  
Objectives: 

∙ Discuss the clinical applications of F-18 Sodium Fluoride 

∙ Discuss the procedures of F-18 Sodium Fluoride 

∙ Discuss the preparation of F-18 Sodium Fluoride 

∙ Discuss the aging time of F-18 Sodium Fluoride 

∙ Discuss the dose of F-18 Sodium Fluoride 

∙ Discuss the acquisition protocols of F-18 Sodium Fluoride 

Content: 

I. F-18 Sodium Fluoride 

 

 

Lecture 22: Clinical Procedures of Ga-68 Dotatate  
Objectives: 

∙ Discuss the clinical applications of Ga-68 Dotatate 

∙ Discuss the procedures of Ga-68 Dotatate 

∙ Discuss the preparation of Ga-68 Dotatate 

∙ Discuss the aging time of Ga-68 Dotatate 

∙ Discuss the dose of Ga-68 Dotatate 

∙ Discuss the acquisition protocols of Ga-68 Dotatate 

Content: 

I. Ga-68 Dotatate 
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Lecture 23: Clinical Procedures of Ga-68 Dotatoc  
Objectives: 

∙ Discuss the clinical applications of Ga-68 Dotatoc 

∙ Discuss the procedures of Ga-68 Dotatoc 

∙ Discuss the preparation of Ga-68 Dotatoc 

∙ Discuss the aging time of Ga-68 Dotatoc 

∙ Discuss the dose of Ga-68 Dotatoc 

∙ Discuss the acquisition protocols of Ga-68 Dotatoc 

Content: 

I. Ga-68 Dotatoc 

 

 

Lecture 24: Clinical Procedures of Ga-68 Gozetotide (PSMA-11)  
Objectives: 

∙ Discuss the clinical applications of Ga-68 Gozetotide (PSMA-11) 

∙ Discuss the procedures of Ga-68 Gozetotide (PSMA-11) 

∙ Discuss the preparation of Ga-68 Gozetotide (PSMA-11) 

∙ Discuss the aging time of Ga-68 Gozetotide (PSMA-11) 

∙ Discuss the dose of Ga-68 Gozetotide (PSMA-11) 

∙ Discuss the acquisition protocols of Ga-68 Gozetotide (PSMA-11) 

Content: 

I. Ga-68 Gozetotide (PSMA-11) 

 

 

Lecture 25: Clinical Procedures of N-13 Ammonia  
Objectives: 

∙ Discuss the clinical applications of N-13 Ammonia 

∙ Discuss the procedures of N-13 Ammonia 

∙ Discuss the preparation of N-13 Ammonia 

∙ Discuss the aging time of N-13 Ammonia 

∙ Discuss the dose of N-13 Ammonia 

∙ Discuss the acquisition protocols of N-13 Ammonia 

Content: 

I. N-13 Ammonia 

 

 

Lecture 26: Clinical Procedures of Rb-82 Chloride  
Objectives: 

∙ Discuss the clinical applications of Rb-82 Chloride 

∙ Discuss the procedures of Rb-82 Chloride 

∙ Discuss the preparation of Rb-82 Chloride 

∙ Discuss the aging time of Rb-82 Chloride 
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∙ Discuss the dose of Rb-82 Chloride 

∙ Discuss the acquisition protocols of Rb-82 Chloride 

Content: 

I. Rb-82 Chloride 

 

 

Lecture 27: Acquisition, Processing and Display of PET Image  
Objectives: 

∙ Describe 2D and 3D acquisition protocols 

∙ Describe scan protocol parameters 

∙ Describe Whole-Body versus Total Body acquisition modes 

∙ Describe Dynamic Acquisition modes 

∙ Define SUV and explain how it is calculated and used 

∙ Describe critical elements in generating quantitative measurements 

∙ Describe the process of data reconstruction 

∙ Describe the implications of image fusion and describe the PET/CT Scanner 

 

 

Lecture 28: PET Quality Control Procedures  
Keywords: PET, Quality Control, Problems with PET scanners, Types of PET Quality Control, 

Characterization calibrations, Correction calibrations, Absolute Activity Calibration, Phantoms, 

Weekly test, Monthly Tests, Semi-Annual Test, Annual Test 

Objectives: 

∙ Define quality control for PET 

∙ List the QC procedures for PET 

∙ Describe the different QC procedures for PET 

∙ Display Before and After QC images 

∙ Present images of phantoms used for PET QC 

Content: 

I. PET 

1. Positron-emission tomography 

2. Positron radionuclides for PET 

3. PET Images 

II. Quality Control 

1. Quality Control for PET 

2. Problems with PET scanners 

a. Detector malfunction 

b. High-voltage drift 

c. Energy drift 

d. Gain drift 

e. Cable breakage 

f. Power supply drift or failure 

g. Temperature drift or cooling system failure 

h. Coincidence timing malfunction 

i. Transmission source or robotics malfunction 
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j. Septa mispositioning or misalignment 

k. Imaging table failure 

3. PET Scanners Quality Control 

4. Types of PET Quality Control 

a. Characterization calibrations 

∙ Energy Window Calibration 

∙ Gain Settings 

∙ Germanium Chemical Information 

∙ Coincidence Timing Calibration 

b. Correction calibrations 

∙ Blank Scan 

∙ Normalization Calibration 

∙ Absolute activity calibration (well counter calibration) 

5. Fill Phantoms used for Absolute Activity Calibration 

a. Striatal Head Phantom 

b. Heart/Thorax Phantom 

c. Heart Filled Phantom Images 

III. Quality Control in CT for PET 

1. Weekly test (some perform daily) 

a. By the technologist 

b. For noise in machine 

c. CT number of Water 

2. Monthly Tests 

a. By service personnel or technologist. CT number uniformity 

b. Low Contrast Resolution 

c. High Contrast Spatial Resolution 

d. Hard Copy Output Devices 

3. Semi-Annual Test 

a. Laser Alignment 

b. Slice Thickness 

c. Low Contrast Resolution 

d. High Contrast Resolution 

e. Index Accuracy and Couch Positioning 

f. Contrast Scale 

g. Linearity of CT with attenuation coefficient 

h. Distance Accuracy 

4. Annual Test 

IV. Summary 

 

 

Lecture 29: Troubleshooting Image Artifacts in PET/CT  
Keywords: PET/CT, Transmission, Attenuation correction, Image Acquisition, Imaging 

Artifacts 

Objectives: 

∙ Define PET/CT 

∙ Discuss transmission based attenuation correction in PET 
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∙ Discuss CT based attenuation correction in PET 

∙ Review Image Acquisition 

∙ List of Imaging Artifacts 

Content: 

I. Introduction to PET/CT 

II. Transmission based attenuation correction in PET 

III. CT based attenuation correction in PET 

IV. Image Acquisition 

V. Imaging Artifacts 

1. Metallic Artifacts 

2. Respiratory Motion 

3. CT Contrast Media 

4. Truncation 

VI. Summary 

VII. References 

 

 

 

Module 2: INSTRUMENTATION/QUALITY CONTROL 

Lecture 1: Survey Meter  
Objectives: 

∙ Discuss Operating Principles 

∙ Define Quality Control 

∙ Review Source Selection 

∙ Discuss Interpretation of QC Results 

Content: 

I. Operating Principles 

II. Quality Control 

1. Background radiation checks 

2. Energy response tests 

3. Linearity tests 

4. Battery checks 

III. Source Selection 

1. Cs-137 

2. Am-241 

3. Co-60 

IV. Interpretation of QC Results 

1. Background radiation 

2. Energy response 

3. Linearity 

 

 

Lecture 2: Dose Calibrator  
Objectives: 
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∙ Discuss Operating Principles 

∙ Describe Quality Control: accuracy, linearity, geometry, constancy 

∙ Review Frequency of Quality Checks 

∙ Review Source Selection 

∙ Discuss Interpretation of Results 

Content: 

I. Operating Principles 

II. Quality Control 

1. Accuracy 

2. Linearity 

3. Geometry 

4. Constancy 

III. Frequency of Quality Checks 

IV. Source Selection 

1. Co-57 

2. Cs-137 

3. Ba-133 

V. Interpretation of Results 

1. Accuracy 

2. Linearity 

3. Geometry 

4. Constancy 

 

 

Lecture 3: Well Counter  
Objectives: 

∙ Discuss Operating Principles 

∙ Describe Quality Control: constancy, energy FWHM, chi-square 

∙ Review Frequency of Quality Checks 

∙ Review Source Selection 

∙ Discuss Interpretation of Results 

Content: 

I. Operating Principles 

II. Quality Control  

1. Constancy 

2. Energy FWHM 

3. Chi-square 

III. Frequency of Quality Checks 

IV. Source Selection 

1. Co-57 

2. Cs-137 

3. Ba-133 

V. Interpretation of Results 

1. Constancy 
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2. Energy FWHM 

3. Chi-square 

 

 

Lecture 4: Scintillation Detector Systems  
Objectives: 

∙ Discuss Principles of Scintillation Detection 

∙ Review Detector Materials 

∙ Illustrate System Types 

∙ Describe Quality Control 

∙ Explain System Performance 

Content: 

I. Principles of Scintillation Detection 

II. Detector Materials 

1. BGO 

2. LSO and LYSO 

3. GSO 

4. Solid state Detectors 

III. System Types 

1. Dedicated PET 

2. Integrated PET/CT 

a. CT Radiographic Tube 

b. CT Data Acquisition 

c. CT Collimation  

d. kVp and mAs 

e. CT detectors 

IV. Quality Control 

1. Normalization 

2. Gains (Singles) 

3. Calibration Factors for Quantification 

4. Cross-calibration/Well Counter Calibration 

5. Acceptance testing 

6. Scanner Failure/Recognition of Instrumentation Artifacts 

a. Detector Failure 

b. High Voltage Drift 

c. Energy Drift 

d. Gain Drift 

e. Power Supply Drift/Failure 

f. Temperature Drift (Cooling System Failure) 

g. Coincidence Timing Malfunction 

h. Transmission Source Malfunction 

i. Septa mispositioning/alignment 

j. Imaging table failure 

7. CT Scanner Quality Control 

a. Artifact Analysis 
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b. CT Laser/Alignment Light 

c. CT Number Accuracy and Noise 

d. Tube Warm Up and Aire Calibration 

e. Water Phantom 

V. System Performance 

1. Scatter Fraction 

2. Randoms Fraction 

3. Noise Equivalent Count Rate (NEC) 

4. NEMA Standards and Testing 

 

 

Lecture 5: Theory of Operation  
Objectives: 

∙ Discuss Principles of Coincidence Detection 

∙ Explain Image Formation and Reconstruction 

∙ Illustrate Data Processing/Corrections 

Content: 

I. Principles of Coincidence Detection 

1. Trues 

2. Randoms 

3. Scatter 

4. Lines of Response (LORs) 

5. Delayed Event 

6. Coincidence Timing Window 

II. Image Formation and Reconstruction 

1. Sinograms and Reconstruction Algorithms 

a. 2D Sinograms 

b. 3D Sinograms 

c. Fourier Rebinning 

d. Filtered Back Projection (FBP) 

e. Iterative Reconstruction 

2. Image Filters/Cutoff Frequencies 

3. CT Image Formation and Data Acquisition 

a. Performing Localizer Scans 

b. Helical CT Imaging 

c. Axial Scanning 

III. Data Processing/Corrections 

1. Normalization 

2. Decay Correction 

3. Attenuation Correction 

a. Calculated 

b. Measured 

c. Segmented 

d. No Attenuation Correction 

4. Random Correction 
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5. Scatter Correction 

6. CT Image Reconstruction and Post-Processing Techniques 

 

 

Lecture 6: Data Analysis  
Objectives: 

∙ Discuss Quantitative Analysis 

∙ Describe Image Reconstruction Variants 

Content: 

I. Quantitative Analysis 

1. Region of Interest 

2. Time Activity Curves 

3. Standardized Uptake Value (SUV) 

a. Methods of Calculation 

b. Sources of Error 

4. Metabolic Flow Rate Measurement and Analysis 

5. R to L Count Profiles and Histogram 

6. Cardiac Polar Mapping 

7. Other 

II. Image Reconstruction Variants 

 

 

Lecture 7: Basic Principles of Image Fusion/Image Registration  
Objectives: 

∙ Discuss Manual registration 

∙ Discuss Mechanical registration 

∙ Discuss Automated registration 

Content: 

I.   Manual registration 

II. Mechanical registration 

III. Automated registration 

1. Rigid 

2. Deformable 

 

 

Lecture 8: Image Artifacts  
Objectives: 

∙ Discuss Pre-Procedure 

∙ Discuss Injection/Uptake 

∙ Discuss Scanning Procedure 

Content: 

I.    Pre-Procedure 

1. Medications 
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2. Prosthetics 

3. Therapeutic Effects 

4. Exercise 

II.  Injection/Uptake 

1. Muscle Tension 

2. Injection Sites/Tubing 

3. Radioactive Contamination 

4. Environment (temperature, noise) 

III. Scanning Procedure 

1. Patient Motion 

2. Bed Position Overlap 

3. Urinary Catheter Lines 

4. IV Lines 

5. Filter/Cutoff Selection 

6. Partial Volume Effect 

7. Attenuation Correction 

8. CT 

a. Contrast 

b. Attenuation Correction 

c. Transmission/Emission (Misalignment) 

d. High Z Material 

e. CT Factors Impacting Image Quality 

 

 

Lecture 9: Ancillary Equipment  
Objectives: 

∙ Discuss Defibrillator/Emergency Card Access 

∙ Review Dose Delivery Systems 

∙ Review EEG Monitor 

∙ Review EKG Monitor 

∙ Review Gate Box/Trigger 

∙ Review Glucose Meter 

∙ Review Intravenous Infusion Pump 

∙ Review O2 Saturation Monitor 

∙ Review Radiopharmaceutical Generators 

∙ Review CT Contrast Power Injector 

Content: 

I.     Defibrillator/Emergency Card Access 

II.    Dose Delivery Systems 

III.  EEG Monitor 

IV.   EKG Monitor 

V.     Gate Box/Trigger 

VI.   Glucose Meter 

VII. Intravenous Infusion Pump 
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VIII. O2 Saturation Monitor 

IX.   Radiopharmaceutical Generators 

X.    CT Contrast Power Injector 

 

 

 

 

Module 3: RADIATION PROTECTION 

Lecture 1: Personal Protection/Monitoring  
Objectives: 

∙ Discuss Basic Concepts (ALARA) 

∙ Review Personal Protection 

∙ Review Personal Monitoring Devices (Body/Extremity) 

∙ Describe Regulatory Requirements Including Appropriate Signage 

∙ Discuss CT Patient Dose Reporting 

Content: 

I.    Basic Concepts (ALARA) 

II.  Personal Protection 

1. Time 

2. Distance 

3. Shielding 

a. Patient Dose 

b. Dose Calibrator 

c. Scanning Room 

d. Waiting Room 

e. Control Room 

f. Patient Holding Room 

g. Waste 

III. Personal Monitoring Devices (Body/Extremity) 

IV.  Regulatory Requirements Including Appropriate Signage 

V.   CT Patient Dose Reporting 

1. CTDI 

2. DLP 

 

 

Lecture 2: Area/Facilities Monitoring  
Objectives: 

∙ Discuss Basic Concepts 

∙ Review Survey Equipment 

∙ Describe Radiation Surveys 

∙ Define Regulatory Requirements 

Content: 

I.    Basic Concepts 
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II.  Survey Equipment 

III. Radiation Surveys 

IV.  Regulatory Requirements 

 

 

Lecture 3: Packaging and Storage of Radioactive Materials  
Objectives: 

∙ Describe Inspection of Incoming/Outgoing Materials 

∙ Discuss Storage of Radiopharmaceuticals 

Content: 

I.  Inspection of Incoming/Outgoing Materials 

II. Storage of Radiopharmaceuticals 

 

 

Lecture 4: Records  
Objectives: 

∙ Discuss Shipping of Radioactive Materials 

∙ Discuss Receipt of Radioactive Materials 

∙ Define Administration of Radioactive Materials 

∙ Define Storage of Radioactive Materials 

∙ Review Disposal of Radioactive Materials 

∙ Review Radiation Surveys 

Content: 

I.    Shipping of Radioactive Materials 

II.   Receipt of Radioactive Materials 

III. Administration of Radioactive Materials 

IV.  Storage of Radioactive Materials 

V.    Disposal of Radioactive Materials 

VI. Radiation Surveys 

 

 

Lecture 5: Radioactive Decontamination  
Objectives: 

∙ Discuss Area decontamination activities 

∙ Discuss Personnel decontamination activities 

Content: 

I.  Area decontamination activities 

II. Personnel decontamination activities 

 

 

Lecture 6: Disposal of Radioactive Waste  
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Objectives: 

∙ Discuss Release to Environment 

∙ Discuss Decay to Storage 

∙ Discuss Incineration activities  

∙ Discuss Transfer to Authorized Recipient 

Content: 

I.   Release to Environment 

II.  Decay to Storage 

III. Incineration 

IV. Transfer to Authorized Recipient 

 

 

Lecture 7: Medical Events  
Objectives: 

∙ Definitions of Medical Events 

∙ Review Reporting and Notification 

Content: 

I.  Definitions 

II. Reporting and Notification 

1. Date and time of the event 

2. Name of the patient or personnel involved 

3. Type and dose of radiation exposure 

4. Severity of the event 

5. Actions taken in response to the event 

 

 

Lecture 8: Radiation-Safety-Manual  
Keywords: Ionizing Radiation, Sources of ionizing radiation, Measurement of radiation, 

Biological effects, Regulations for the safe use, Administrative procedures, Technical 

procedures, Safety Data Sheet, Conversion Tables 

Objectives: 

∙ Define Radioactivity 

∙ Exam the unique characteristics related to radioactivity and ionizing radiation 

∙ Describe the sources of ionizing radiation used in the research and teaching environment 

∙ Discuss the basic methods used in the institutional setting for measuring ionizing 

radiation 

∙ Examine the radiation dose that is a natural part of our environment, and the types of 

health effects 

∙ Review ALARA policy and General workplace safety guidance 

∙ Explore the state and federal regulatory frameworks governing radiation 

∙ Review the regulatory requirements that apply to the institutional use of radiation 

∙ Explore Administrative and Technical procedures for purpose is to protect individuals and 

the institution from accidents 
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∙ Study the terms of art specific to ionizing radiation and administrative structure to ensure 

it’s safe use 

Content: 

I.The Science and Technology of Ionizing Radiation 

1. Sources of Ionizing Radiation 

2. Radioactivity 

3. Properties of radioactivity and units of measure 

4. Electronic sources of ionizing radiation 

5. Interactions of particulate radiation with matter 

6. Interactions of photons with matter 

7. Measurement of radiation and a unit of exposure 

8. Biological effects of radiation and units of dose 

9. ALARA policy 

10. General workplace safety guidance 

11. References for additional information 

II.Regulations for the Safe use of Ionizing Radiation 

1. 10 CFR Part 19--Notices, Instructions, and Reports to Workers; Inspections 

2. 10 CFR Part 20--Standards for Protection Against Radiation 

3. 10 CFR Part 35--Medical Use of Byproduct Material 

4. Title 17--California Code of Regulations 

5. Responsibilities 

6. Words of caution 

III.Administrative and Technical Procedures 

1. General 

2. Controlled Radiation Authorizations (CRAs) for radioactive materials 

3. Review and approval of applications; amendments 

4. Human use clinical procedures and research 

5. Controlled Machine Authorizations (CMAs) for radiation devices 

6. Setting up the radioactive materials laboratory 

7. Setting up the radiation device laboratory 

8. Signs and labels 

9. Personnel monitoring 

10. Ordering and receiving radioactive material 

11. Use and transfer records 

12. Surveys 

13. Radioactive Waste 

14. Problems Related to Radioactive Wastes 

15. Response to spills, losses, and other incidents 

IV.Appendices 

1. Glossary 

2. Safety data sheets for commonly-used radionuclides 

3. Safety Data Sheet 

4. Reports applicable to the institutional use of radiation 
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5. 10 CFR Part 20 Appendix C- Quantities of licensed material requiring labeling 

6. Conversion Tables 

7. Signs and Labels 

8. Forms 

9. Index 

V. List of Figures 

1. Figure 1.1 Typical beta-spectra 

2. Figure 1.2 Maximum range of beta particles 

3. Figure 1.3 Typical gamma-ray spectrum 

4. Figure 1.4 X-rays 

5. Figure 1.5 The photoelectric effect 

6. Figure 1.6 Compton scatter 

7. Figure 1.7 A simple gas detector 

8. Figure 1.8 The characteristic curve for gas detectors 

9. Figure 1.9 Half value layer for photon energies from 10 keV to 100 MeV 

10. Figure 1.10 Typical film badge 

11. Figure 1.11 Sources of radiation dose in the United States 

12. Figure 2.1 Radiation symbol 

VI.List of Tables 

1. Table 1.1 Maximum energy and half-life of selected beta-emitters 

2. Table 1.2 Γ- factor, half-life, photopeak, and half value layer for selected gamma  

emitters 

3. Table 1.3 Standard work rules for radiochemical laboratories 

4. Table 2.1 Dose limits for adult workers, minor workers, and members of the public 

5. Table 2.2 Posting Requirements 

6. Table 3.1 QLM quantities 

7. Table 3.2 Controlled Radiation Authorization (CRA) quantities and terms 

8. Table 3.3 Action levels for removable contamination 

9. Table 3.4 Approximate detection efficiencies for some common radionuclides and 

detectors 

 

 

 

Module 4: RADIOPHARMACEUTICALS 

Lecture 1: Radiopharmaceutical Characteristics  
Objectives: 

∙ Discuss Method of Localization 

∙ Review Radiopharmaceutical Kinetics 

∙ Review Radiopharmaceutical Dosimetry 

∙ Review Radiopharmaceutical Biodistribution and Normal Variants 

Content: 

I.    Method of Localization 

II.   Radiopharmaceutical Kinetics 
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III. Radiopharmaceutical Dosimetry 

IV.  Radiopharmaceutical Biodistribution and Normal Variants 

 

 

Lecture 2: Physical Properties of Radioactive Materials  
Objectives: 

∙ Discuss Types of Emissions 

∙ Discuss Energies of the radiation emitted 

∙ Discuss Decay Rate and Half-Life 

Content: 

I.   Types of Emissions 

II.  Energies 

III. Decay Rate and Half-Life 

 

 

Lecture 3: Positron Radionuclide Principles  
Objectives: 

∙ Discuss Positron Decay 

∙ Review Positron Energy 

∙ Describe Annihilation Reaction 

∙ Describe Bremsstrahlung Radiation 

∙ Review  Decay Factors 

∙ Discuss Exposure Rates 

∙ Describe  Half Value Layer 

Content: 

I. Positron Decay 

II. Positron Energy 

III. Annihilation Reaction 

IV. Bremsstrahlung Radiation 

V. Decay Factors 

VI. Exposure Rates 

VII. Half Value Layer 

 

 

Lecture 4: Radionuclide Production  
Objectives: 

∙ Discuss Cyclotron 

∙ Review Generators (Ge-68/Ga-68, Sr-82/Rb-82) 

∙ Define Quality Control 

Content: 

I.    Cyclotron 

    1. Principles of Operation 

    2. Targetry 
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II.   Generators - Ge-68/Ga-68, Sr-82/Rb-82 

   1. Principles of Operation 

   2. Elution 

III. Quality Control 

   1. Sterility 

   2. pH 

   3. Apyrogenicity 

   4. Identity 

 

 

Lecture 5: Synthesis of Radiopharmaceuticals  
Objectives: 

∙ Discuss Basic Chemistry 

∙ Review Synthesis Modules 

Content: 

I.   Basic Chemistry 

II. Synthesis Modules 

 

 

Lecture 6: Quality Control of Radiopharmaceuticals  
Objectives: 

∙ Discuss Quality control testing for purity 

∙ Discuss Quality control testing for stability 

Content: 

I.   Purity 

II. Stability 

 

 

Lecture 7: Regulatory Requirements for Radiopharmaceutical            
Objectives: 

∙ Discuss Immediate Use Provisions 

∙ Explain Dose Pooling or Splitting 

∙ Define Aseptic Competency 

∙ Describe Radiopharmaceutical Processing Environment 

Content: 

I.   Immediate Use Provisions 

II. Dose Pooling or Splitting 

III. Aseptic Competency 

1. Training of personnel 

2. Certification of personnel 

3. Monitoring of personnel 

IV. Radiopharmaceutical Processing Environment 

1. Air quality 
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2. Temperature 

3. Humidity 

4. Cleanliness of surfaces and equipment 

 

 

Lecture 8: Radiopharmaceuticals: C-11 Acetate  
Objectives: 

∙ Discuss how to use C-11 Acetate 

Content: 

I. Radiopharmaceutical: C-11 Acetate 

 

 

Lecture 9: Radiopharmaceuticals: C-11 Choline  
Objectives: 

∙ Discuss how to use C-11 Choline 

Content: 

I. Radiopharmaceutical: C-11 Choline 

 

 

 

Lecture 10: Radiopharmaceuticals: Cu-64 Dotatate  
Objectives: 

∙ Discuss how to use Cu-64 Dotatate 

Content: 

I. Radiopharmaceutical: Cu-64 Dotatate 

 

 

Lecture 11: Radiopharmaceuticals: F-18 Fluciclovine  
Objectives: 

∙ Discuss how to use F-18 Fluciclovine 

Content: 

I. Radiopharmaceutical: F-18 Fluciclovine 

 

 

Lecture 12: Radiopharmaceuticals: F-18 Florbetaben  
Objectives: 

∙ Discuss how to use F-18 Florbetaben 

Content: 

I. Radiopharmaceutical: F-18 Florbetaben 

 

 

Lecture 13: Radiopharmaceuticals: F-18 Florbetapir  
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Objectives: 

∙ Discuss how to use F-18 Florbetapir  

Content: 

I. Radiopharmaceutical: F-18 Florbetapir 

 

 

Lecture 14: Radiopharmaceuticals: F-18 Flortaucipir  
Objectives: 

∙ Discuss how to use C-18 Flortaucipir 

Content: 

I. Radiopharmaceutical: F-18 Flortaucipir 

 

 

Lecture 15: Radiopharmaceuticals: F-18 Fluorodeoxyglucose (FDG)  
Objectives: 

∙ Discuss how to use F-18 Fluorodeoxyglucose (FDG) 

Content: 

I. Radiopharmaceutical: F-18 Fluorodeoxyglucose (FDG) 

 

 

Lecture 16: Radiopharmaceuticals: F-18 Fluorodopa (F-Dopa)  
Objectives: 

∙ Discuss how to use F-18 Fluorodopa (F-Dopa) 

Content: 

I. Radiopharmaceutical: F-18 Fluorodopa (F-Dopa) 

 

 

Lecture 17: Radiopharmaceuticals: F-18 Fluoroestradiol  
Objectives: 

∙ Discuss how to use F-18 Fluoroestradiol 

Content: 

I. Radiopharmaceutical: F-18 Fluoroestradiol 

 

 

Lecture 18: Radiopharmaceuticals: F-18 Flutemetamol  
Objectives: 

∙ Discuss how to use F-18 Flutemetamol  

Content: 

I. Radiopharmaceutical: F-18 Flutemetamol 
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Lecture 19: Radiopharmaceuticals: F-18 Piflufolastat  
Objectives: 

∙ Discuss how to use F-18 Piflufolastat 

Content: 

I. Radiopharmaceutical: F-18 Piflufolastat 

 

 

Lecture 20: Radiopharmaceuticals: F-18 Sodium Fluoride  
Objectives: 

∙ Discuss how to use F-18 Sodium Fluoride  

Content: 

I. Radiopharmaceutical: F-18 Sodium Fluoride 

 

 

Lecture 21: Radiopharmaceuticals: Ga-68 Dotatate  
Objectives: 

∙ Discuss how to use Ga-68 Dotatate 

Content: 

I. Radiopharmaceutical: Ga-68 Dotatate 

 

 

Lecture 22: Radiopharmaceuticals: Ga-68 Dotatoc  
Objectives: 

∙ Discuss how to use Ga-68 Dotatoc 

Content: 

I. Radiopharmaceutical: Ga-68 Dotatoc 

 

 

Lecture 23: Radiopharmaceuticals: Ga-68 Gozetotide (PSMA-11)  
Objectives: 

∙ Discuss how to use Ga-68 Gozetotide (PSMA-11) 

Content: 

I. Radiopharmaceutical: Ga-68 Gozetotide (PSMA-11) 

 

 

Lecture 24: Radiopharmaceuticals: N-13 Ammonia  
Objectives: 

∙ Discuss how to use N-13 Ammonia 

Content: 

I. Radiopharmaceutical: N-13 Ammonia 
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Lecture 25: Radiopharmaceuticals: Rb-82 Chloride  
Objectives: 

∙ Discuss how to use Rb-82 Chloride  

Content: 

I. Radiopharmaceutical: Rb-82 Chloride 

 

 

Lecture 26: Radiopharmaceutical Quality Control  
Keywords: Quality Control, Equipment, Solvents, Storage and Handling, Media, Strip 

Preparation, Developing Procedure 

Objectives: 

∙ Discuss the purpose of quality control 

∙ Describe the equipment 

∙ Review the solvents and explain solvent storage and handling 

∙ Review the media and explain media storage and handling 

∙ Define of strip preparation 

∙ Discuss developing procedure 

∙ Illustrate examples of procedures 

Content: 

I. Purpose 

II. Equipment 

1. Scissors 

2. Tweezers 

3. Pencil/Pen 

4. Counting tubes 

5. Vials 

6. MCA or SCA or Scaler with scintillation well 

7. Developing Media 

8. Developing Solvents 

III. Solvents 

1. The more commonly used solvents in chromatography 

a. Acetone 

b. Ethanol 

c. Ethyl Acetate 

d. Distilled Water 

e. Acetonitrile 

f. n-Butanol 

g. HCl 

h. Tetrahydrofuran 

i. Chloroform 

2. Storage and Handling 

IV. Media 
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1. The more commonly used stationary phases in Tc-99m chromatography 

a. ITLC-SG 

b. ITLC-SA 

c. Whatman 31 

d. Whatman 17 

e. Whatman 3MM 

f. Aluminum Oxide Plates 

g. Sep-Pak Cartridges 

h. Solvent Saturation Pads 

2. Storage and Handling 

V. Strip Preparation 

VI. Developing Procedure 

VII. Tips 

VIII. Procedure II 

1. The list of drugs 

2. Materials needed 

3. Procedure 

4. Counts 

5. USP Minimum Acceptable Purities 

IX. Procedure III 

1. The list of drugs 

2. Materials needed 

3. Procedure 

4. Counts 

5. USP Minimum Acceptable Purities 

X. Procedure IV 

1. The list of drugs 

2. Materials needed 

3. Procedure 

4. Counts 

5. USP Minimum Acceptable Purities 

 

 

Lecture 27: PET Instrumentation  
Keywords: PET, PET/CT Scanner, Positron Emission, Detectors, Bed positions, Scanner 

Design, Crystals, Coincidence Dietician, Configuration, Data acquisition and processing, 

Attenuation Correction, Positron Radionuclides, Pharmaceuticals, Positron Emission 

Mammography (PEM), Non-invasive Medical Imaging Techniques, Multimodality imaging, 

Scanner-Block Diagrams, FPGAs (field programmable gate arrays) 

Objectives: 

∙ Review the History of PET 

∙ Review the basics of PET Imaging 

∙ Review system configurations 
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∙ Discuss Coincidence Imaging 

∙ Review data acquisition and processing 

∙ Identify common radiopharmaceutical compounds 

∙ Discuss PET/CT applications in nuclear medicine 

∙ Review the Block Diagram of a PET/CT Scanner 

Content: 

I. History of PET 

1. In 1950 Brownell and Sweet 

2. In 1968 PC-I 

3. In early 1970 David Chesler 

4. Modern PET/CT Scanner 

a. Increasing Image Quality 

II. Basics of PET Imaging 

1. PET (Positron emission tomography) 

2. Positron Emission 

3. How PET Scanner works 

4. PET Diagram 

5. PET Detectors 

6. Patient in Scanner 

a. Bed positions 

7. Reducing Scatter and Random Events 

8. PET Advantage 

9. Uses of PET: Oncology 

10. PET/CT: Image Fusion 

11. PET/CT Scanner 

12. Advantages of PET/CT 

13. The Future of PET/CT 

14. What PET Equipment Looks Like 

15. Scanner Design 

16. Crystals Used in PET 

a. BaF2 

b. BGO 

c. LSO 

d. GSO 

e. YLSO 

17. Coincidence Dietician 

18. 2D Scanner Configuration 

19. 3D Scanner Configuration 

20. Data Acquisition 

21. Reconstruction 

22. Attenuation Correction 

23. Positron Radionuclides 

24. PET Pharmaceuticals 
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25. PET is Used to 

26. GC (Coincidence) PET 

27. PET/CT 

28. PEM (Positron Emission Mammography) 

29. PET vs. SPECT 

30. Key Points 

III. Physics and Instrumentation in Positron Emission Tomography 

1. Non-invasive Medical Imaging Techniques 

a. Anatomical 

∙ X-ray 

∙ CAT 

∙ MRI 

∙ Ultrasound 

b. Functional («nuclear medicine») 

∙ SPECT 

∙ PET 

2. Positron Emission Tomography 

3. Technical Challenges in PET Imaging 

a. Radiochemistry 

b. Imaging Physics 

c. Data Analysis & Biological Modeling 

4. PET Imaging 

5. Positron (B+) Decay 

6. Positron annihilation 

7. Raw Data & Image Reconstruction 

8. Important Detector Properties 

a. Spatial resolution 

b. Detection efficiency (aka sensitivity, stopping power) 

c. Time resolution 

d. Energy resolution 

e. Deadtime 

9. Prototypical PET Detector 

10. New Developments 

a. Detectors 

∙ Scintillators 

∙ Photosensors 

∙ Solid-state detectors 

∙ Pb converters & ionization 

∙ 3D gamma-ray event positioning 

∙ Time of flight using LaBr3 

b. Multimodality imaging 

∙ PET/CT and PET/MRI 

c. Specialized applications 
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∙ Brain, breast, prostate 

∙ Small animal - microPET 

∙ Arterial input function 

IV. The PET/CT Scanner-Block Diagrams 

1. Block Diagram: Front End 

a. Analog Subsection 

b. How Does the Analog Subsection Work 

c. Condition (Module Design #1) 

d. Condition (Module Design #2) 

e. Digitize Energy, X Ratio, and Y Ratio 

f. Digitize Time 

g. Process 

h. Detector Head Interface 

2. Block Diagram: Back End 

a. Coincidence Processor 

b. How Does Coincidence Processor Work 

c. Host Computer 

3. Photograph of Components 

a. Coincidence Processor 

b. Analog Subsection 

c. Detector Head Interface 

d. Flex Board & PD ASIC 

e. Detector Modules 

V. Conclusions 

1. PET Camera Electronics Consists Of 

a. Analog Subsection 

b. Detector Head Interface 

c. Coincidence Processor 

d. Host Computer 

2. High Rate Capability 

3. Extensive Use of FPGAs (field programmable gate arrays) 

 

 

Lecture 28: CardioGen Generators  
Keywords: Rubidium-82, 82Sr/82Rb Generator, Production of 82Sr, CardioGen-82, FDA Drug 

Safety Communication, Infusion System, Chloride Injection, Drug Handling, Testing Protocol, 

Safety Information, Dosimetry, Radiation Dose, Drug Interactions, Pharmacology, Nonclinical 

Toxicology, Dose Calibrator, Quality control, Patient Preparation, Protocols, Tracer, Stress 

Testing, Side Effects, Safety Data Sheet, Hazard, First-aid measures, Transport information, 

Advantages, Limitations 

Objectives: 

∙ Discuss Rubidium-82 

∙ Discuss CardioGen-82 
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∙ Review FDA Drug Safety Communication: Planned return of CardioGen-82 to market with 

new Boxed Warning 

∙ Describe Infusion System 

∙ Define Directions for Eluting Rubidium Rb 82 Chloride Injection 

∙ Discuss Eluate Testing Protocol 

∙ Review Radiation Dosimetry 

∙ Define Dose Calibrator Settings for Rb 82 

∙ Describe CardioGen-82 Quality control Procedures 

∙ Discuss Patient Preparation and Imaging Protocols 

∙ Explain Side Effects 

∙ Discuss Safety Data Sheet 

∙ Describe Hazard(s) identification and First-aid measures 

∙ Review Transport Information 

∙ Review Advantages and Limitations 

Content: 

I. Introduction 

II. Rubidium-82 

1. Rubidium-82 

a. Physical Data 

b. History 

c. Nuclear Properties 

d. Production 

2. 82Sr/82Rb Generator 

3. Production of 82Sr 

4. Production Routes for 82Sr 

5. Control of Product Radiopurity 

6. Target Issues – RbCl 

a. Advantage and Disadvantage 

7. Target Issues – Rb metal 

a. Advantage and Disadvantage 

8. Facilities 

9. Sr-82 Process Flow Chart 

10. Sr-82 Product Specifications 

a. Radionuclidic Purity 

b. Specific Activity 

c. Activity Concentration 

d. Stable Elements 

11. Decay scheme of 82Sr to 82Rb 

12. Decay scheme of 82Rb to stable 82Kr 

13. Relevant nuclear properties 

a. Photon emission of the daughter radionuclide 

III. CardioGen-82 (Rubidium Rb 82 Generator) 

1. The Generator: how does it work? 
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2. CardioGen-82® (Rubidium Rb 82 Generator) 

3. Bracco Diagnostics Inc. 

a. Radiopharmaceuticals 

b. CardioGen-82 

4. FDA Drug Safety Communication: Planned return of CardioGen-82 to market with  

new Boxed Warning 

a. The Root Cause: from the FDA’s Safety Announcement of Jan 12, 2012 

b. Return to Market Requirements – from FDA 

5. CardioGen-82, Characteristics 

a. Uses For Cardiogen-82 Generator 

b. Use in Positron Emission Tomography (PET) 

• Myocardial blood flow tracers with PET 

• History 

6. Tools for Risk Stratification 

7. The Cardiac Imaging Market is Transitioning 

a. From SPECT to PET 

b. From Cardiac catheterization to CT angiography 

8. PET Perfusion Imaging 

9. Transitioning the perfusion market 

10. CardioGen-82's high sensitivity and specificity can improve diagnostic accuracy 

11. PET MPI provides benefits for a diverse patient population 

12. PET MPI for thriving practice 

a. Convenience 

b. Efficiency 

c. Certainty 

d. A Non-Invasive 

13. Occupational Safety Data 

14. Commonly used brand name(s) 

15. Chemical Characteristics 

16. Physical Characteristics 

17. External Radiation 

18. Strontium Sr 82 decays to Rubidium Rb 82 

19. Physical decay of Rubidium Rb 82 

IV. Infusion System 

1. CardioGen-82 Infusion System 

a. Shielding 

b. Syringe Pump 

c. Valve Shield Assembly 

d. Display/Control Panel 

2. Daily quality control 

3. Dose delivery by Infusion System 

V. Rubidium Rb 82 Chloride Injection Dosage 

1. Drug Handling 
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2. Directions for Eluting Rubidium Rb 82 Chloride Injection 

VI. Eluate Testing Protocol 

1. Rubidium Eluate Level Testing 

2. Strontium Eluate Level Testing 

a. Calculation 

b. Examples 

3. Cardiogen-82 Expiration 

4. Important Safety Information 

a. Perform generator eluate tests 

b. Alert Limits 

VII. Radiation Dosimetry 

1. About Absorbed Radiation Dose Coefficient 

2. Calculation 

3. Dosage Forms and Strengths 

4. Warnings and Precautions Unintended 

a. Risks Associated with Pharmacologic Stress 

b. Volume Overload 

c. Cumulative Radiation Exposure: Long-Term Risk of Cancer 

d. Adverse Reactions 

• Postmarketing Experience 

5. Drug Interactions 

6. Use in Specific Populations 

a. Pregnancy 

b. Nursing Mothers 

c. Pediatric Use 

d. Geriatric Use 

e. Renal Impairment 

f. Hepatic Impairment 

7. Cardiogen-82 - Clinical Pharmacology 

a. Mechanism of Action 

b. Pharmacodynamics 

c. Pharmacokinetics 

8. Nonclinical Toxicology 

a. Carcinogenesis, Mutagenesis, Impairment of Fertility 

VIII. Dose Calibrator 

1. Dose Calibrator QC 

a. Calibration Tests include 

• Accuracy 

• Linearity 

• Geometry 

• Constancy 

2. Dose Calibrator Settings for Rb 82 

IX. CardioGen-82 QC Procedures 
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1. QC Preparation 

2. Three Step QC Procedure: W-S-C 

a. 1st Elution: Generator Column Wash (W) 

• Control Panel Settings 

b. 2nd Elution: Sr-82 and Sr-85 Level Testing (S) 

• Control Panel Settings 

c. 3rd Elution: Infusion System Calibration (C) • Calibration Procedure 

• Control Panel Settings 

X. Patient Preparation and Imaging Protocols 

1. Patient Preparation 

a. Medications 

b. Patient should not be taken 

c. Clothing 

2. Examination 

3. Methods of Stress Testing 

4. Examples 

5. The Radioactive Tracer 

6. Patient Radiation Dosimetry 

7. Rubidium-82 Dosage 

a. Warnings 

b. Precautions 

8. Study Time Frame 

a. Regadenoson vs. Dipyridamole 

9. Imaging Protocols 

a. Regadenoson vs. Dipyridamole 

10. 82Rb PET perfusion image acquisition and processing 

11. Image processing and common artifacts 

12. Images of PET MPI using Rb 82 

a. Case Study #1, 54-year-old woman 

• Patient History 

• SPECT Procedure 

• SPECT Study CT Fusion 

• SPECT Impression 

• PET Rb-82 MPI Procedure 

• PET Impression 

• PET Rb-82 MPI Imaging 

XI. Cardiogen-82® (Rubidium Rb 82 Generator) 

1. How Supplied 

2. Disposal 

3. Storage 

4. Expiration Date 

5. Cardiogen-82 Generator Side Effects  

6. Safety Data Sheet 
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a. Product identifier 

b. How Supplied 

c. Emergency Overview 

7. Hazard(s) Identification 

a. Classification of the substance or mixture 

b. Effects of Overexposure - Routes of Entry 

• Inhalation 

• Skin Contact 

• Ingestion 

8. First-aid Measures 

a. General information 

b. After Inhalation 

c. After Skin Contact 

d. After Eye Contact 

e. After Swallowing 

9. Transport Information 

10. Advantages and Limitations 

 

 

 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




