

[image: cover]



Nuclear Medicine Board Review

Questions and Answers for Self-Assessment

Fourth Edition

C. Richard Goldfarb, MD

Chief, Division of Nuclear Medicine
Associate Clinical Professor of Radiology
Icahn School of Medicine at Mount Sinai
New York, New York

Murthy R. Chamarthy, MD

Assistant Professor of Radiology
University of Texas Southwestern Medical Center
Dallas, Texas

Fukiat Ongseng, MD

Assistant Professor of Radiology
Icahn School of Medicine at Mount Sinai
New York, New York

Steven R. Parmett, MD

Chairman, Department of Radiology
Newark Beth Israel Medical Center
Newark, New Jersey
Professor of Clinical Radiology
New York Medical College
Valhalla, New York

David L. Bushnell Jr., MD

Professor of Radiology
Division of Nuclear Medicine
University of Iowa Hospitals and Clinics
Iowa City, Iowa

Rosna Mirtcheva-Trocheva, MD

Clinical Assistant Professor of Radiology
Icahn School of Medicine at Mount Sinai
New York, New York

Urmi Sen, MD

Clinical Assistant Professor of Radiology
Icahn School of Medicine at Mount Sinai
New York, New York
Attending Physician
Newark Beth Israel Medical Center
Newark, New Jersey

Lionel S. Zuckier, MD, MBA, FRCPC

Chairman, Division of Nuclear Medicine
Professor of Medicine and Radiology
The Ottawa Hospital
University of Ottawa Faculty of Medicine
Ottawa, Ontario, Canada

162 illustrations

Thieme
New York • Stuttgart • Delhi • Rio de Janeiro


Executive Editor: William Lamsback
Managing Editor: J. Owen Zurhellen IV
Director, Editorial Services: Mary Jo Casey
Development Editor: Judith Tomat
Production Editor: Naamah Schwartz
International Production Director: Andreas Schabert
Editorial Director: Sue Hodgson
International Marketing Director: Fiona Henderson
International Sales Director: Louisa Turrell
Director of Institutional Sales: Adam Bernacki
Senior Vice President and Chief Operating Officer: Sarah Vanderbilt
President: Brian D. Scanlan

Library of Congress Cataloging-in-Publication Data

Names: Goldfarb, C. Richard, author. | Chamarthy, Murthy R.,
author. | Ongseng, Fukiat, author.
Title: Nuclear medicine board review : questions and
answers for self-assessment / C. Richard Goldfarb, Murthy R.
Chamarthy, Fukiat Ongseng.
Description: Fourth edition. | New York : Thieme, [2018] |
Preceded by Nuclear medicine board review / C. Richard
Goldfarb … [et al.]. 3rd edition. 2012. | Includes index. |
Identifiers: LCCN 2018006583 (print) | LCCN 2018006805
(ebook) | ISBN 9781626234277 (E-book) |
ISBN 9781626234710 (pbk. : alk. paper) |
ISBN 9781626234727 (eISBN)
Subjects: | MESH: Nuclear Medicine | Examination Questions
Classification: LCC R896 (ebook) | LCC R896 (print) | NLM WN
18.2 | DDC 616.07/548076--dc23
LC record available at https://lccn.loc.gov/2018006583

© 2018 Thieme Medical Publishers, Inc.

Thieme Publishers New York
333 Seventh Avenue, New York, NY 10001 USA
+1 800 782 3488, customerservice@thieme.com

Thieme Publishers Stuttgart
Rüdigerstrasse 14, 70469 Stuttgart, Germany
+49 [0]711 8931 421, customerservice@thieme.de

Thieme Publishers Delhi
A-12, Second Floor, Sector-2, Noida-201301
Uttar Pradesh, India
+91 120 45 566 00, customerservice@thieme.in

Thieme Publishers Rio de Janeiro, Thieme Publicações Ltda.
Edifício Rodolpho de Paoli, 25° andar
Av. Nilo Peçanha, 50 – Sala 2508,
Rio de Janeiro 20020-906 Brasil
+55 21 3172-2297 / +55 21 3172-1896

Cover design: Thieme Publishing Group
Typesetting by DiTech Process Solutions

Printed in The United States of America by King
Printing Company, Inc.     5 4 3 2 1

ISBN 978-1-62623-471-0

Also available as an e-book:
eISBN 978-1-62623-472-7

Important note: Medicine is an ever-changing science undergoing continual development. Research and clinical experience are continually expanding our knowledge, in particular our knowledge of proper treatment and drug therapy. Insofar as this book mentions any dosage or application, readers may rest assured that the authors, editors, and publishers have made every effort to ensure that such references are in accordance with the state of knowledge at the time of production of the book.

Nevertheless, this does not involve, imply, or express any guarantee or responsibility on the part of the publishers in respect to any dosage instructions and forms of applications stated in the book. Every user is requested to examine carefully the manufacturers’ leaflets accompanying each drug and to check, if necessary in consultation with a physician or specialist, whether the dosage schedules mentioned therein or the contraindications stated by the manufacturers differ from the statements made in the present book. Such examination is particularly important with drugs that are either rarely used or have been newly released on the market. Every dosage schedule or every form of application used is entirely at the user’s own risk and responsibility. The authors and publishers request every user to report to the publishers any discrepancies or inaccuracies noticed. If errors in this work are found after publication, errata will be posted at www.thieme.com on the product description page.

Some of the product names, patents, and registered designs referred to in this book are in fact registered trademarks or proprietary names even though specific reference to this fact is not always made in the text. Therefore, the appearance of a name without designation as proprietary is not to be construed as a representation by the publisher that it is in the public domain.


[image: image]



This book, including all parts thereof, is legally protected by copyright. Any use, exploitation, or commercialization outside the narrow limits set by copyright legislation, without the publisher’s consent, is illegal and liable to prosecution. This applies in particular to photostat reproduction, copying, mimeographing, preparation of microfilms, and electronic data processing and storage.



To the kind L-rd for blessing me with empathetic and insightful life partners: Linda (home), Fukiat (work), Murthy (cyberspace), and with personal and professional friends who made this fourth edition happen!

– C. Richard Goldfarb

To my dearly loved parents Janaki and Lakshmipathi Chamarthy, my beloved wife Prasanna and joyous children Gautam and Divya, and also to my mentors, Dr. David M. Milstein and Dr. Leonard M. Freeman, for being a constant source of inspiration and enlightenment.

– Murthy R. Chamarthy

To my late Uncle Term, who gave me more than anyone could expect from an uncle, and to the loves of my life, Hidemi, Lisa, and Marie.

– Fukiat Ongseng

To my father, Leon Parmett, with love and admiration, and to my wife, Ofra, and my children, Zecharya, Avraham, Yonatan, and Rachel, with love and appreciation.

– Steven R. Parmett

Dedicated to the life and memory of my father David L. Bushnell Sr.

– David L. Bushnell Jr.

To my family with love.

– Rosna Mirtcheva-Trocheva

To my parents, Nilabja and Jayasri Sen for all they have done and continue to do for me. I would not be the person I am today without you.

– Urmi Sen

To my family.

– Lionel S. Zuckier


Contents

Preface

Acknowledgments

Part I Essentials of Nuclear Medicine

1 Radionuclides and Radiopharmaceuticals

2 Instrumentation

3 Quality Control

4 Radiation Safety and Legal Requirements

Part II Single-Photon Applications

5 Musculoskeletal

6 Cardiac

7 Central Nervous System

8 Thyroid Gland and Endocrine System

9 Gastrointestinal

10 Genitourinary

11 Infection, Inflammation, and Oncology

12 Pulmonary

Part III Positron Emission Tomography/Computed Tomography

13 Basics of Positron Emission Tomography

14 Basics of Computed Tomography Physics

15 Breast Cancer

16 Gastrointestinal

17 Pulmonary

18 Genitourinary

19 Lymphomas

20 Head and Neck Cancer

21 Thyroid Cancer

22 Neuro–Positron Emission Tomography

23 Miscellaneous Positron Emission Tomography/Computed Tomography

Part IV Radionuclide Therapy

24 Radionuclide Therapy

Appendices

Appendix A How to Recognize the Whole-Body Scans

Appendix B Must-Know Calculations, Scintigrams, and Concepts

Appendix C Tips on Exam Preparation

Index



Preface

Nuclear medicine has made great strides since the first edition of this book was published in 1998, and it continues to evolve. PET/CT now dominates clinical practice, SPECT/CT is the standard of care, and hybrid MRI is in view. Radionuclide therapy is burgeoning. SIRT of hepatic tumors is routine at many centers, the first alpha emitter is now approved for treatment, and PSMA-targeted “theranostics” is hot at radiology, urology, and oncology meetings.

This fourth edition of Nuclear Medicine Board Review: Questions and Answers for Self-Assessment matches the growth of the field with the inclusion of high-yield images and updates across all sections, while carefully retaining the original flavor and the longstanding educational content. Additionally, the multiple-choice question format has been expanded to simulate a real-world exam. As you see, we retain the popular interactive question-and-answer format, designed to speed assimilation of relevant information and enhance retention. The appendices again include terse tips for test takers, instant essentials for image interpreters and “must know” concepts, along with cases and calculations at all levels. The 2,250 questions in twenty-four chapters, with the novel emphasis on image based and MCQ style, fortify the reader with current molecular imaging knowledge.

We hope and expect that this book will facilitate success across the ‘boards’, not only for certification (and re-cert) seekers, but for all who wish to embark upon a joyful journey and immerse themselves in an exciting specialty. As ever, we warmly welcome your comments and suggestions.
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A piece of paper may be held over the answers column, then moved to reveal each answer as needed.
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	Radionuclides and Radiopharmaceuticals











	Questions

	Answers






	1. Nuclides with the same atomic number (i.e., the same number of protons) but different numbers of neutrons (e.g., 15O, 16O, 18O) are called __________.

	1. isotopes




	2. Two nuclides with the same atomic mass but different atomic numbers are called __________.

	2. isobars




	3. Two nuclides with the same number of neutrons but different atomic numbers are called __________.

	3. isotones




	4. What is a radionuclide?

	4. A nuclide that emits particulate or photon energy to achieve a more stable energy state.




	5. Another name for a helium ion containing two protons and two neutrons is _________.

	5. an alpha (α) particle




	6. What is a beta (β) particle?

	6. An electron.




	7. Why are alpha (α) and beta (β) particles not used for imaging?

	7. They do not exit the body efficiently and thus are not detected.




	8. What ratio of protons to neutrons favors beta (β) decay?

	8. A low proton-to-neutron ratio, as compared with stable nuclei.




	9. What two particles are emitted from the nucleus during beta (β) decay?

	9. A beta (β) particle (electron) and an antineutrino.




	10. What is the relationship between the mean energy and the maximum energy of a beta (β) spectrum?

	10. The mean energy is approximately onethird of the maximum energy.




	11. What ratio of protons to neutrons favors positron decay?

	11. A high proton-to-neutron ratio.




	12. What particles are released from the nucleus during positron decay?

	12. A positron (antielectron) and a neutrino.




	13. What is the minimum amount of nuclear energy required for positron decay?

	13. 1.02 MeV.




	14. What is the fate of a positron?

	14. To travel a short distance, combine with an electron, and be annihilated.




	15. When a positron is annihilated via combination with an electron, the result is the production of __________.

	15. two nearly opposed 511-keV photons




	16. What ratio of protons to neutrons favors electron capture decay?

	16. A high proton-to-neutron ratio.




	17. What particle is released from the nucleus during electron capture decay?

	17. A neutrino.




	18. What is released from the nucleus during isometric transition?

	18. Gamma (γ) rays.




	19. Other than wavelength, frequency, and energy intensity, the fundamental difference between X-rays and gamma (γ) rays is __________.

	19. that X-rays are produced from energy released due to changes in the quantum levels/values of orbital electrons of an atom, while gamma (γ) rays are produced from energy shifts in the nucleus




	20. When energy from a nuclear transition results in the emission of an orbital electron rather than a gamma (γ) ray, this process is called __________.

	20. internal conversion




	21. Internal conversion electrons increase the radiation dose to the patient because __________.

	21. energy from the electron is absorbed within the patient’s body




	22. When energy from an orbital transition results in the emission of an orbital electron rather than an X-ray, the electron is called __________.

	22. an Auger electron




	23. What does the term “metastable” mean?

	23. When an isomeric state is long-lived (i.e., longer than10−12s).




	24. After an electron is ejected from an inner shell orbital, what occurs?

	24. Outer shell electrons release energy by moving to now unoccupied, less energetic inner orbitals; the energy released by this transition is termed “characteristic of X-ray radiation.”




	25. What are the two methods used to create synthetically radioactive materials?

	25. Radioactive materials are produced by bombarding a target material with either ions or with neutrons.




	26. A __________ is used to bombard elements with neutrons.

	26. nuclear reactor




	27. An __________ is used to bombard elements with protons.

	27. accelerator (linear or cyclotron)




	28. Name the five common cyclotronproduced radionuclides used in nuclear medicine.

	28.111In, 123I, 67Ga, 18F, and 201Tl.




	29. What is a carrier-free radioisotope?

	29. A radioisotope that does not contain any nonradioactive species.




	30. What does the term “activity” mean?

	30. The rate of disintegration of a radionuclide.




	31. The unit of radioactivity equal to 3.7 × 1010 disintegrations per second is called __________.

	31. the curie (Ci)




	32. What is a becquerel (Bq)?

	32. The derived unit of radioactivity used by modern metric system, the SI (Système International d’unités), is called the becquerel. One becquerel is equal to one disintegration per second, or 2.7027×10−11 Ci.




	33. A 1-millicurie dose of a radiopharmaceutical is equal to how many becquerels?

	33. 37 million (37 MBq).




	34. What does the term “specific activity” mean?

	34. Specific activity refers to the ratio of activity per unit mass (e.g., mCi/mg, mCi/mole, MBq/mg or MBq/mole).




	35. The time it takes a radionuclide to decay to one-half of its original activity is called its __________ half-life.

	35. physical




	36. What is the relationship between physical half-life and the decay constant?

	36. Their product equals 0.693.




	37. The time required for a substance in the body to be reduced to half its concentration via biological excretion or metabolism is called its __________ half-life.

	37. biological




	38. Which type of half-life refers to the overall loss of radioactivity from the body due to physical and biological decay?

	38. The effective half-life.




	39. What is the relationship between effective half-life, physical half-life, and biologic half-life?

	39. 1/physical half-life + 1/biologic half-life = 1/effective half-life.




	40. A radiopharmaceutical with a 6-hour physical half-life and a 3-hour biologic half-life has an effective half-life of __________.

	40. 2 hours




	41. A common type of transient equilibrium is a __________ generator.

	41.99Mo/99mTc




	42. When a daughter radionuclide has a half-life longer than that of a parent, there is __________ equilibrium.

	42. no




	43. When a parent half-life is much longer than that of a daughter, there is __________ equilibrium.

	43. secular




	44. What are the components of 99Mo/99mTc generator systems?

	44. Alumina (Al2O3) column loaded with-99Mo, an eluting solvent, an evacuated collecting vial, and shielding.




	45. What is the half-life of 99Mo?

	45. 2.8 days (66 hours).




	46. How is a 99Mo/99mTc generator system eluted?

	46.99mTc is removed by passing saline through the column.




	47. Maximum build-up of 99mTc in a 99Mo/99mTc generator system occurs after __________ hours.

	47. 23




	48. What does the term “breakthrough” mean when applied to a radionuclide generator system?

	48. A “breakthrough” occurs when some parent nuclide (e.g., 99Mo) elutes off the column along with a daughter nuclide (e.g., 99mTc).




	49. What are the major emissions of 99mTc?

	49. 140 keV photons.




	50. By what method does 99mTc decay?

	50. Isomeric transition.




	51. What is the half-life of 99mTc?

	51. Six hours.




	52. What are the possible valence states of 99mTc?

	52. Eight oxidation states from −1 to +7.




	53. What is the valence state and chemical form of 99mTc eluted from a generator?

	53. In pertechnetate (TcO4-1), Tc is in the +7oxidation state.




	54.99mTcO -1 4 must first be __________ to a valence state of +4 prior to incorporation into most chelates.

	54. reduced




	55. Reduction of technetium in commercial radiopharmaceutical kits is generally achieved with __________.

	55. stannous (tin[II]) ion




	56. __________ is the single radiopharmaceutical in which technetium is not reduced from its +7 oxidation state.

	56.99mTc sulfur colloid




	57. Where does intravenously administered 99mTc pertechnetate concentrate?

	57. In the stomach, salivary glands, thyroid, small and large bowel, choroid plexus, lactating breasts, and kidneys.




	58. For lung perfusion scanning with 99mTc-macroaggregated albumin (MAA), __________ particles are typically administered.

	58. 200,000 to 500,000




	59. What is the half-life of 123I?

	59. 13.2 hours.




	60. What is the mode of decay of 123I?

	60. Electron capture.




	61. What is the energy of the photons emitted by decay of 123I?

	61. 159 keV.




	62. What is the half-life of 131I?

	62. 8.04 days.




	63. What is the mode of decay of 131I?

	63. Beta (β) emission




	64. What is the predominant photon emitted by decay of 131I?

	64. A 364-keV photon.




	65. What does gallium primarily bind to in plasma?

	65. Transferrin.




	66. What biologically important element does gallium most closely mimic?

	66. Iron (same oxidation state and similar ionic radius).




	67. What is the half-life of 67Ga?

	67. 3.24 days (78 hours).




	68. What are the predominant photons emitted by the decay of 67Ga?

	68. 93-, 185-, 300-, and 394-keV photons.




	69. How is gallium excreted?

	69. Through the kidneys and bowel.




	70. What is the main excretory pathway for gallium in the first 24 hours?

	70. Urine (10% of administered dose).




	71. What is the half-life of 111In?

	71. 2.83 days (68 hours).




	72. What are the predominant photons emitted by the decay of 111In?

	72. 171- and 245-keV photons.




	73. What are the two important uses of 111In in nuclear medicine?

	73. For the labeling of (1) leukocytes, (2) proteins (such as Octreoscan).




	74.111In-labeled pentetreotide (Octreoscan) is an example of a class of imaging agents called __________.

	74. receptor-binding peptides




	75. Pentetreotide binds to __________ on the surface of a tumor.

	75. somatostatin receptors




	76. Octreotide, the peptide that is labeled in Octreoscan, has a length of __________ amino acids.

	76. eight




	77. What is the half-life of 201Tl?

	77. 3.04 days (72.9 hours).




	78. What are the predominant photons emitted by the decay of 201Tl?

	78. Mercury X-rays of 69 to 71 keV and 80 keV.




	79. What is the mechanism of 201Tl decay?

	79. Electron capture.




	80. What is the usual chemical form of 201Tl?

	80. Thallous chloride (TlCl).




	81. What biologically important ion does 201Tl most closely mimic?

	81. Potassium (same charge and similar ionic radius).




	82. How are positron-emitting radionuclides used for imaging?

	82. They are used in PET imaging, where the coincident annihilation photons are simultaneously detected.




	83. The main technical difficulty with positron emission tomography (PET) radionuclides is that they tend to have __________.

	83. a very short half-life




	84. Positron-emission radionuclides, which are used in PET scanning, tend to be produced by generator systems or by an on-site __________.

	84. cyclotron




	85.18F-fluoro-deoxyglucose (FDG) is an analog of __________, which is taken up by cells and phosphorylated but cannot be further processed.

	85. glucose




	86. The property of 18F-FDG that makes it useful for imaging cancer is that __________.

	86. malignant tissues derive energy preferentially using the anaerobic metabolism of glucose




	87.82Rb, used for PET myocardial perfusion studies, is obtained from an __________ generator.

	87.82Sr




	88. The mechanism of localization in __________ is achieved by capillary blockade.

	88. perfusion lung scanning




	89. Bone scintigraphic agents localize by the process of __________.

	89. adsorption onto hydroxyapatite (chemi-adsorption)




	90. A radiopharmaceutical that localizes by phagocytosis is __________.

	90.99mTc–sulfur colloid




	91. Antibody-imaging agents localize by __________.

	91. antigen-antibody binding




	92. Somatostatin analogs localize by __________.

	92. receptor binding




	93.89Sr chloride (Metastron) is a therapeutic radiopharmaceutical used to treat __________.

	93. the pain of bony metastases




	94.89Sr, a beta (β) emitter, decays with a physical half-life of __________.

	94. 50.5 days (1212 hours)




	95. The two photons produced in a positron/electron annihilation are oriented at an angle of approximately __________ to each other.

	95. 180 degrees




	96. The positron-emitting radionuclides 11C, 13N, 15O, and 18F are all produced by a __________.

	96. cyclotron




	97. In PET, a method for creating attenuation correction that is more rapid and results in less noise than source-based transmission scanning is based on __________.

	97. computed tomography (CT)




	98. Annihilation usually occurs approximately several __________ from the site of emission of the positron.

	98. millimeters




	99. The half-life of 18F is __________.

	99. 110 minutes
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	Instrumentation












	Questions

	Answers






	1. What is a gamma camera crystal made of?

	1. Sodium iodide activated with thallium.




	2. What is the purpose of the crystal in a gamma camera?

	2. To absorb gamma (γ) rays and convert them into visible-light photons.




	3. What is the mechanism by which gamma (γ) rays interact with a gamma camera crystal?

	3. Photoelectric effect or Compton scattering.




	4. What is the relationship between the energy of an absorbed gamma (γ) ray and the amount of light produced by a gamma camera crystal?

	4. The amount of light produced is directly proportional to the amount of energy lost by the absorbed gamma (γ) ray.




	5. What is the purpose of the photomultiplier tube (PMT) array?

	5. To detect the photons produced in the crystal and produce a proportional pulse.




	6. How does increasing crystal thickness influence camera sensitivity and resolution?

	6. Thick crystals (i.e., thicker than 0.5 inch or 1 cm) have higher sensitivity but lower resolution.




	7. What is the output of a single PMT?

	7. A pulse (very small signal) that represents amplification of the light detected.




	8. The PMTs are __________ to the crystal by optical grease or a light pipe.

	8. optically coupled




	9. What is the output of the PMT array decoder circuit?

	9. Spatial coordinates (x+, x-, y+, y-) of the scintillation event.




	10. How does increasing the number of PMTs affect the resolution?

	10. It improves the resolution.




	11. How many PMTs are in a modern gamma camera?

	11. 75 or 91 per head.




	12. The electronic component in a gamma camera that is used to disregard unwanted photons is called __________.

	12. a pulse height analyzer




	13. Why do scattered photons from within the patient cause major imaging difficulties?

	13. The scattered photons lead to incorrectly positioned radioactive events.




	14. What is the “window” in a pulse height analyzer (PHA)?

	14. The range of acceptable energies around a photopeak.




	15. What are the energy limits of a 20% window centered at 140 keV?

	15. 126 to 154 keV.




	16. Why do some gamma cameras have multiple PHAs?

	16. To acquire several peaks simultaneously (e.g., 67Ga).




	17. What are the advantages of a digital camera?

	17. It has better energy and spatial resolution, as well as less dead time.




	18. Digital gamma cameras use a __________ to apply prestored energy and position corrections to each scintillation event.

	18. computer




	19. What is a gamma camera collimator made of?

	19. Lead or tungsten.




	20. What is the purpose of a gamma camera collimator?

	20. Project an image of the source distribution directly onto the crystal.




	21. What does the term “collimator sensitivity” mean?

	21. The ratio of gamma (γ) rays that pass through the collimator to those incident upon it.




	22. When is it appropriate to use a pinhole collimator?

	22. When imaging small organs that lie close to the skin (e.g., thyroid gland).




	23. What are the principal disadvantages of a pinhole collimator?

	23. Image distortion and poor sensitivity.




	24. As a pinhole collimator is brought closer to the object being imaged, the apparent size of the object __________.

	24. increases




	25. As a pinhole collimator is brought closer to the object being imaged, the resolution __________.

	25. improves




	26. As a pinhole collimator is brought closer to the object being imaged, the count rate __________.

	26. increases




	27. What is the most common type of collimator-hole alignment in nuclear medicine?

	27. Parallel hole.




	28. As a parallel-hole collimator is brought closer to the object being imaged, the resolution __________.

	28. improves




	29. As a parallel-hole collimator is brought closer to the object being imaged, the apparent size of the object __________.

	29. remains the same




	30. As a parallel-hole collimator is brought closer to an object being imaged, the count rate __________.

	30. remains the same




	31. Walls within the collimator that separate adjacent holes are called __________.

	31. collimator septa




	32. What is the purpose of collimator septa?

	32. To block gamma (γ) rays traveling obliquely toward the crystal.




	33. What does the term “septal penetration” mean?

	33. Gamma (γ) rays passing obliquely through the collimator septa, leading to mispositioned events.




	34. The presence of a starburst-type appearance when imaging a hot object with a parallel-hole collimator is due to __________.

	34. septal penetration




	35. What defines the energy range of a collimator?

	35. The composition, thickness, and length of the septa.




	36. How does increasing the septal length affect collimator resolution and sensitivity?

	36. It improves the resolution and lowers sensitivity.




	37. How does increasing the septal thickness affect collimator energy?

	37. It permits the use of higher-energy gamma (γ) emitters.




	38. Currently, parallel-hole collimators are constructed with __________-shaped holes. Why are the holes shaped in this fashion?

	38. hexagonal. Holes in this shape can be more closely packed, thereby covering a greater area of the detector face.




	39. For best resolution, how should a parallel-hole collimator be positioned relative to the patient?

	39. As closely as possible.




	40. The measure of the ability of the camera to separate events of differing energies is called __________.

	40. energy resolution




	41. The measure of the ability of an imaging system to distinguish two adjacent point sources as distinct is called __________.

	41. spatial resolution




	42. What does the term “intrinsic resolution” mean?

	42. The resolution due to all components of the gamma camera system except the collimator.




	43. What is the difference between intrinsic and overall (or extrinsic) resolution?

	43. Overall (extrinsic) resolution includes the effect of the collimator.




	44. Typical intrinsic resolution for a modern-day gamma camera at full width at half maximum (FWHM) is __________.

	44. 3 to 5 mm




	45. How does intrinsic resolution vary with photon energy?

	45. Intrinsic resolution decreases as energy drops below an optimal energy range.




	46. The time it takes the electronics of a system to reset after an event is called __________.

	46. dead time




	47. In what type of study is dead time most important?

	47. High-count-rate studies (e.g., cardiac first pass).




	48. The typical dead time for a modern gamma camera is __________.

	48. 1 to 2 μs




	49. The basic principle of single-photon emission computed tomography (SPECT) is__________.

	49. by imaging in multiple planes around a subject, the system can reconstruct the original count distribution by using the mathematical algorithm of filtered back-projection or iterative reconstruction.




	50. How is a conventional planar gamma camera modified to accomplish SPECT?

	50. The camera head is made to rotate around the patient and is interfaced to a computer that reconstructs the data in three dimensions.




	51. When the camera rotates several degrees, acquires images in a stationary position, and repeats, the acquisition method is called __________.

	51. step and shoot




	52. The purpose of noncircular or elliptical orbits in SPECT imaging is __________.

	52. to improve spatial resolution by decreasing patient–collimator distance




	53. The advantages of multiple heads in a SPECT system are an increase in __________ and a decrease in __________.

	53. count-rate sensitivity; imaging time




	54. The major disadvantage of multiple heads in a SPECT system is difficulty in __________.

	54. the alignment and registration of the multiple heads




	55. What factor limits the total acquisition time of a SPECT study?

	55. Patient movement, especially due to fatigue.




	56. What is the advantage of iterative reconstruction over filtered back-projection?

	56. Less noise and streak artifacts, and can incorporate various corrections into the reconstruction process to create a more accurate result.




	57. What technical advance has permitted images to be reconstructed with iterative reconstruction rather than filtered back-projection?

	57. Availability of more powerful computers in the clinic.




	58. What is an image filter?

	58. A mathematical technique used to prevent unwanted components in the projection profiles from appearing in the reconstructed image.




	59. What filter is used specifically in filtered back-projection?

	59. A modified ramp filter—e.g., Hanning, Shepp–Logan, Butterworth.




	60. When can filtering be performed in SPECT processing?

	60. Either pre-reconstruction (two-dimensional) or post-reconstruction (threedimensional).




	61. What is the binary number system?

	61. A base 2 numbering system, composed of zeros and ones and built upon powers of 2.




	62. Why do computers use the binary number system?

	62. Computers use the binary number system because they are based on circuits made from semiconductor materials, in which numbers (and all other information) can be stored only as a series of on and off signals represented by ones and zeros.




	63. How is the binary number 10011 written in the decimal system?

	63. (1 × 16) + (0 × 8) + (0 × 4) + (1 × 2) + (1 × 1) = 19.




	64. What is a computer program?

	64. A series of lines of computer code that causes the computer hardware to perform a specific task.




	65. The part of a computer’s memory that contains instructions that can be read but not changed by the user is called __________.

	65. read-only memory (ROM)




	66. The part of a computer’s memory that provides temporary storage for program instructions and data is called __________.

	66. random-access memory (RAM)
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	Quality Control












	Questions

	Answers






	1. The percentage of radioactivity in a preparation originating from the desired radionuclide is called __________ purity.

	1. radionuclidic




	2. The maximum permissible amount of 99Mo per mCi (per 37 MBq) of 99mTc is __________.

	2. 0.15 µCi per mCi (0.15 kBq per MBq)




	3. The radionuclidic purity of 99mTc __________ during the day because of the longer physical half-life of 99Mo compared with 99mTc.

	3. decreases




	4. An important cause of impurity in 123I preparations is __________.

	4.124I




	5. A multichannel analyzer may be used to assess radionuclidic purity by evaluating the __________ of the sample.

	5. energy spectrum




	6. The energies of 99Mo photons are __________ and __________.

	6. 740 keV; 780 keV




	7. A simple, common method used to evaluate for the presence of 99Mo in 99mTc samples uses a dose calibrator and __________.

	7. a lead shield (pig) to differentially absorb the low-energy photons, while allowing the energetic 99Mo photons to pass




	8. The percentage of total radioactivity present in a preparation in the desired chemical form is called the __________ purity.

	8. radiochemical




	9. The presence of free 99mTcO4−1 (pertechnetate) in a 99mTc–red blood cell (RBC) preparation is an example of a __________ impurity.

	9. radiochemical




	10. In 99mTcO4−1 preparations, the three general forms of technetium are free pertechnetate, chelated technetium, and __________.

	10. reduced hydrolyzed technetium




	11. Reduced hydrolyzed technetium has a tendency to be taken up by which organ of the body?

	11. The liver. (pertechnetate)




	12. The form of technetium that is concentrated by the thyroid and gastric mucosa is __________.

	12.99mTcO4−1




	13. If it is suspected that gastric activity on a bleeding scan is a result of free pertechnetate, then one should image the __________ to confirm.

	13. thyroid




	14. The most common means of evaluating radiochemical purity is by use of __________.

	14. instant thin layer chromatography




	15. As a general rule of thumb for radiopharmaceuticals made with 99mTcO4−1, the radiochemical purity should be __________.

	15. at least 90%




	16. __________ impurity refers to the presence of nonradioactive compounds in a preparation that may interfere with the normal behavior or safety of the radiopharmaceutical.

	16. Chemical




	17. A common source of chemical impurity that originates from the 99Mo/99mTcO4−1 generator is __________.

	17. aluminum from the alumina column




	18. The presence of excess amounts of aluminum in a 99mTc–sulfur colloid preparation leads to excess uptake in this organ of the body.

	18. The lungs.




	19. The presence of excess amounts of aluminum in a 99mTc–methylene diphosphonate (MDP) preparation leads to excess uptake in this organ of the body.

	19. The liver.




	20. The presence of aluminum in a generator eluate can be tested by__________.

	20. indicator paper (aurintricarboxylic acid)




	21. The permissible quantities of aluminum in a fission 99Mo generator eluate are __________.

	21. less than 10 µ/mL eluate




	22. The presence of excess amounts of stannous ion in a 99mTc–MDP preparation leads to excess uptake in this organ of the body.

	22. The liver.




	23. Macroaggregated albumin should be of what particle size?

	23. 90% between 10 and 90 µm diameter.




	24. Sulfur colloid should be of what particle size?

	24. 0.1 to 1 µm.




	25. Fever-producing toxins that often originate in gram-negative bacteria and may contaminate radiopharmaceuticals are called __________.

	25. pyrogens




	26. The rapid method of testing for pyrogens is __________.

	26. the limulus amebocyte lysate (LAL) assay (which uses the blood of the horseshoe crab, Limulus polyphemus)




	27. The formal method of testing for pyrogens is by __________.

	27. injecting the sample into rabbits and monitoring their temperature




	28. Is endotoxin much more or much less toxic when radiopharmaceuticals are administered into the cerebrospinal fluid (CSF) compared to systematically administered preparations?

	28. Much more.




	29. The absence of viable microbes within a radiopharmaceutical is called __________.

	29. sterility




	30. When there are increased counts at the periphery of the scintillation crystal due to internal reflection of light at the edges, the phenomenon is called __________.

	30. edge packing




	31. Uniformity flood images of each gamma camera should be performed on a __________ basis.

	31. daily




	32. In a gamma camera, the difference between an intrinsic flood and an extrinsic flood is that the intrinsic flood is __________.

	32. performed without the collimator




	33. The advantages of using a cobalt source rather than a liquid-filled phantom for performing floods are __________.

	33. more constant thickness and no air bubbles




	34. When intrinsic floods are performed using a point source, the point source should be located at least __________ away from the crystal to ensure a homogeneous distribution of radiation across the crystal face.

	34. five crystal diameters




	35. When the aluminum cover around a scintillation crystal is breached, the flood images can appear spotty because of __________ of the crystal.

	35. hygroscopic degeneration




	36. The effect of a nonfunctioning photomultiplier tube (PMT) on a flood field is __________.

	36. the presence of a discrete cold region




	37. The term for tuning an energy window to the spectrum of a given isotope is __________.

	37. peaking




	38. The width of the measured spectrum for a particular gamma (γ) peak is a measure of the __________ of the gamma camera.

	38. energy resolution




	39. Peaking of the camera should be performed on a __________ basis.

	39. daily




	40. The ability of a gamma camera to resolve objects that are close together is called the __________.

	40. spatial resolution




	41. Spatial resolution should be tested on a __________ basis.

	41. weekly




	42. Spatial resolution is generally tested by imaging __________.

	42. bar phantoms




	43. The ability of the gamma camera to portray straight lines as straight is called __________.

	43. spatial linearity




	44. Spatial linearity should be tested on a __________ basis.

	44. weekly




	45. Difficulty in scaling the size of images taken at multiple energy peaks (e.g., with 67Ga) is due to problems in __________.

	45. z-pulse normalization




	46. Why should quality assurance of a single-photon emission computed tomography (SPECT) gamma camera be stricter than that of a planar gamma camera?

	46. A 1% nonuniformity in planar images has been shown to amplify to a 20% nonuniformity in the reconstructed SPECT images.




	47. A __________ reconstruction artifact occurs with a nonuniform SPECT camera.

	47. bull’s-eye




	48. How many counts should be obtained for a SPECT gamma camera uniformity flood?

	48. A 64 × 64 matrix should have 30 million counts, while a 128 × 128 matrix should have 120 million counts.




	49. For a SPECT camera, an additional quality control measure is verifying the __________.

	49. center of rotation




	50. How are center of rotation data used in a SPECT gamma camera?

	50. For reconstructing three-dimensional images.




	51. How accurate must the center of rotation be?

	51. Optimally, within half a pixel.




	52. How can the overall system performance of a SPECT camera be evaluated?

	52. Acquire images of a SPECT phantom, e.g., a Jaszczak phantom.




	53. What should the minimal intrinsic resolution, linearity, and uniformity of a SPECT gamma camera be?

	53. Intrinsic resolution of 3 to 4 mm full width at half maximum (FWHM), spatial linearity of 0.2 to 0.6 mm, and intrinsic uniformity of 2 to 3%.




	54. Before administration, every radiopharmaceutical must be assayed in a __________.

	54. dose calibrator




	55. A dose calibrator operates on the principle of an __________ chamber.

	55. ionization




	56. The linearity of a dose calibrator refers to the __________.

	56. accuracy of measurement over the range of activities assayed, i.e., 10 mCi to1,000 Ci (370 kBq to 3.7 × 1013 Bq)




	57. The linearity of a dose calibrator should be tested on a __________ basis.

	57. quarterly




	58. The simplest way to test the linearity of the dose calibrator is__________.

	58. by counting a large dose of 99mTc over a period of multiple half-lives




	59. A rapid method of testing linearity of the dose calibrator is __________.

	59. by counting a large sample of 99mTc with and without attenuation by calibrated lead sleeves




	60. The geometry of a dose calibrator refers to the relationship between __________.

	60. measured activity and the position and shape of the source within the counting chamber




	61. The geometry of a dose calibrator should be tested __________.

	61. at installation and also after any major repair work




	62. Constancy (or precision) of measurement in a dose calibrator refers to the __________.

	62. reproducibility of measurement over long periods of time




	63. Dose calibrator constancy is evaluated by __________.

	63. comparing interval measurements of a known standard source, e.g., 137Cs, both at its own settings and at settings of other frequently used isotopes




	64. Constancy should be tested on a __________ basis.

	64. daily




	65. According to Nuclear Regulatory Commission (NRC) regulations, constancy should be at least __________.

	65. within 90%




	66. __________ refers to agreement with calibrated values when standards traceable to the National Bureau of Standards are measured.

	66. Accuracy




	67. Accuracy testing must be performed on a __________ basis.

	67. daily




	68. Accuracy testing is performed by __________.

	68. comparing measurements with expected values for at least two different radionuclide standards, such as 137Cs and 57Co, which are traceable to the National Bureau of Standards




	69. According to NRC regulations, accuracy of at least __________ is required.

	69. 90%




	70. When the dose calibrator is compared with the sodium iodide well counter, which of the two has the ability to differentiate the energies of different isotopes?

	70. Well counter.




	71. When two isotopes, such as 57Co and 58Co, are simultaneously counted in a well counter, the term “spilldown” refers to__________.

	71. the contribution of counts from the higher-energy isotope into the lowerenergy window




	72. When two separate radionuclide imaging procedures are performed on the same patient on the same day, should the study using the higherenergy isotope generally be performed first or second?

	72. Second.




	73. Because of statistical variation in radioactive emissions, the standard deviation of a count of 900 is __________.

	73. 30, the square root of n




	74. The term “radiation-absorbed dose” refers to __________.

	74. the amount of energy deposited per unit mass of absorbing tissue




	75. The unit of measurement for the absorbed radiation dose is __________.

	75. the rad (in the Système International [SI] or metric system, the gray, abbreviated Gy)




	76. The term “dose equivalent,” which is measured by this unit, refers to the radiation-absorbed dose multiplied by a quality factor that compensates for the particular type of radiation involved.

	76. The rem (in the SI or metric system, the sievert, abbreviated Sv).




	77. The unit of exposure referring to the level of ionization in the air is __________.

	77. the roentgen (in the SI or metric system, coulombs/kilogram, abbreviated C/kg)




	78. What is the purpose of a dose calibrator?

	78. To measure or verify the activity of all patient doses, generator eluates, or any other large amount (mCi) of radioactive materials by conversion of the ionization current to a display of the radionuclide activity (Bq, Ci).




	79. Why can a well counter not substitute for a dose calibrator?

	79. Because of the high detection efficiency of a well counter, dead-time problems exist for levels of activity greater than 1 µCi (0.037 MBq).




	80. Why must a dose calibrator be calibrated for each radionuclide to be measured?

	80. A dose calibrator has no energy discriminator components; it functions by measurement of the ionization current. This current is then converted to a measure of the activity by use of a predetermined calibration factor specific to each isotope.




	81. The acronym ALARA refers to __________.

	81. the philosophy of reducing exposure from radionuclides to levels “as low as is reasonably achievable”




	82. The occupational dose limit for a radiation worker in the United States is __________.

	82. 5 rems per year (50 mSv per year)




	83. The occupational dose limit for a pregnant radiation worker in the United States is __________.

	83. 0.5 rem (5 mSv) for the declared gestational period




	84. The dose limit for non–radiation workers in the United States is __________.

	84. 0.1 rem per year (1 mSv per year)
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	Radiation Safety and Legal Requirements












	Questions

	Answers






	1. True or false: In the United States, the Nuclear Regulatory Commission (NRC) regulates reactor-produced by-products, whereas the individual states regulate cyclotron-produced radioactive materials, including 18F-FDG.

	1. True.




	2. Which title within the Code of Federal Regulations (CFR) includes regulations related to nuclear medicine?

	2. Parts 19, 20, 30, and 35 of title 10 of the CFR contain the regulations concerned with nuclear medicine.




	3. Define the term “absorbed radiation dose” and describe the units.

	3. The absorbed radiation dose is the amount of energy absorbed per unit mass. One gray (Gy, which is an SI unit) is equal to 1 joule per kilogram. One Gy is equal to 100 rad.




	4. Define the term “equivalent radiation dose” and describe the units.

	4. The equivalent radiation dose is the radiation-absorbed dose multiplied by a radiation weighting/quality factor. 1 Sv (SI unit) = 100 rem.




	5. Define the term “effective dose.”

	5. The effective dose is the sum of the weighted equivalent doses in all of the organs and tissues of the body.




	6. True or false: Stochastic effects (such as cancer or other genetic effects) are no-threshold effects, whereas nonstochastic effects are deterministic effects that have a threshold.

	6. True.




	7. What are the annual occupational limits for radiation exposure?

	7. The limits are 5 rem (50 mSv) total effective dose equivalent; 15 rem (150 mSv) to the eye lens; 50 rem (500 mSv) to any internal organ or extremity. The limits for minors are 10% of those for adult workers.




	8. What are the annual limits for radiation exposure for the general public?

	8. 0.1 rem (1 mSv).




	9. What are the limits for radiation exposure during pregnancy?

	9. 0.5 rem (5 mSv) after a declared pregnancy, uniformly distributed over the remaining months of the pregnancy.




	10. True or false: The NRC calculates the dose limits by using a linear-dose, no-threshold model.

	10. True.




	11. Which of the following are radiation monitoring devices?

a) Optically stimulated luminescence badge.

b) Thermoluminescent display.

c) Pocket ion chamber.

d) Electronic dosimeter.

e) All of the above.

	11. e, all of the above.




	12. The release rule is:

a) Activity based: less than 30 mCi or 1,110 MBq.

b) Dose rate based: less than 5 mrem or 0.05 mSv/h at 1 meter.

c) Dose limit based: less than 0.5 rem or 5 mSv public exposure.

d) 33 mCi or 1,221 MBq of 131I/7 mrem or 0.07 mSv/h at 1 meter; additional occupancy factors can be included.

e) None of the above.

	12. c and d




	13. By-products with a physical half-life of less than 120 days are stored for __________ physical half-lives prior to disposal.

	13. 10




	14. Define a medical event.

	14. A medical event is required to meet two criteria and does not necessarily result in harm to the patient. A wrong radiotracer, wrong dose (differing by 20%), wrong route, or wrong site should result in exceeding annual occupational dose limits (a whole-body dose that exceeds 5 rem/50 mSv, or a 50 rem/500 mSv dose to organs and extremities).




	15. Define the types of radioactive package labeling.

	15. Radioactive-white I materials do not require special handling and have a surface dose rate of less than 0.5 mrem (5 µSv)/h. For radioactive-yellow II, the surface dose rate is less than 50 mrem (0.5 mSv)/h, and the dose rate at 3 feet is less than 1 mrem (10 µSv)/h. For radioactive-yellow III, the surface dose rate is less than 200 mrem (2 mSv)/h, and the dose rate at 3 feet is less than 10 mrem (0.1mSv)/h.




	16. Match each of the following to the criteria for either a major or a minor spill:

a) 2 mCi (74 MBq) of 131I.

b) 25 mCi (925 MBq) of 99mTc.

c) 30 mCi (1,110 MBq) of 201Tl.

d) 20 mCi (740 MBq) of 111In.

e) 30 mCi (1,110 MBq) of 67Ga.

	16. a, major spill; b, minor spill; c, minor spill; d, major spill; e, major spill.




	17. What are the guidelines for withholding or cessation of breast feeding after radionuclide studies?

	17. Breast-feeding cessation is mandated for 131I and recommended for 67Ga. Breast feeding should be withheld 2 to 3 days for123I and 12 to 24 hours for most 99mTc-based tracers.




	18. Under what circumstances are written directives issued?

	18. Written directives are issued by the authorized user for an 131I dose of more than 30 µCi/1.11 Mbq or a therapeutic dosage of an unsealed by-product other than 131I.




	19. A written directive signed and dated by the authorized user includes which of the following pieces of information?

a) The patient’s name.

b) The name of the radionuclide.

c) The dosage.

d) The route of administration.

e) All of the above.

	19. e, all of the above.
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	Musculoskeletal












	Questions

	Answers






	1. What are the two main advantages of bone scintigraphy?

	1. High sensitivity for cortical lesions, and ease of surveying the entire skeleton.




	2. What is the main disadvantage of bone scintigraphy?

	2. The findings are often nonspecific.




	3. Which two factors give skeletal scintigraphy its specificity?

	3. The clinical context and the total body pattern.




	4. What class of radiopharmaceutical compound is most commonly used for skeletal scintigraphy?

	4.99mTc-diphosphonates.




	5. Why are 99mTc-diphosphonates superior to 99mTc-pyrophosphates for skeletal scintigraphy?

	5.99mTc-diphosphonates have faster clearance.




	6. How are 99mTc-diphosphonates prepared?

	6. Sodium pertechnetate (NaTcO4−) from a 99Mo-generator is added to a vial with diphosphonate and stannous ion, Sn(II). The stannous ion reduces Tc, and the reduced Tc chelates to diphosphonate.




	7. What percentage of the dose is in the blood at 2 to 3 hours after injection?

	7. 3 to 5%.




	8. Why does 99mTc-diphosphonate have an affinity for newly formed bone?

	8. It has higher absorption to amorphous CaPO4 than to mature hydroxyapatite.




	9. What two factors affect the degree of 99mTc-diphosphonate in bone?

	9. Bone formation and blood flow.




	10. What is the body’s critical organ for radiation dose in skeletal scintigraphy?

	10. The bladder.




	11. How can a patient decrease the radiation dose from a bone scan?

	11. The patient should void frequently.




	12. How should a patient be prepared for a bone scan?

	12. The patient should be well hydrated, should remove all metal objects (jewelry, coins, keys, etc.) before imaging, and should void immediately before the study and frequently after the procedure.




	13. What is the usual adult dosage and 99mTc route of administration of diphosphonates?

	13. 20 mCi (740 MBq) intravenously.




	14. What special type of imaging should be performed with a bone scan for distinguishing suspected osteomyelitis from cellulitis?

	14. Dynamic blood flow and immediate images.




	15. When is delayed imaging performed for bone scanning?

	15. At 2 to 4 hours after tracer injection.




	16. How many counts are typically obtained for spot bone scan images?

	16. 600,000 counts of anterior chest for spot views and all other views for the same time.




	17. What types of collimators are used for bone scanning?

	17. An all-purpose collimator is used for routine imaging; high-resolution, pinhole, or converging collimators are used for more detail.




	18. How do bone scans of children and adolescents differ from bone scans of adults?

	18. Epiphyseal uptake is present in bone scans of children and adolescents.




	19. How do neonatal bone scans differ from bone scans of children and adolescents?

	19. There is diffusely decreased uptake in neonatal bone scans.




	20. What are four normal variants seen in the skull?

	20. Uneven or variable, hyperostosis frontalis interna, sphenoid uptake, and uptake between orbits.




	21. Why can joints show mild diffuse asymmetry?

	21. Because of handedness (right or left).




	22. Which joints can normally show increased uptake?

	22. Sternomanubrial joint, sternal ossification centers, sacroiliac joints.




	23. What is the mechanism of increased bone scan uptake by a bone metastasis?

	23. The growth of the tumor causes surrounding bony remodeling.




	24. How much change in bone density is required to see a skeletal metastasis on plain radiography?

	24. 30 to 50%.




	25. When can metastatic disease not cause the bone scan to be abnormal?

	25. Marrow-based lesion.




	26. Which imaging tests would be useful for marrow-based or lytic lesions?

	26. MRI, 18F-FDG.




	27. What is the typical scintigraphic pattern of metastatic disease?

	27. Multiple focal lesions distributed randomly in the axial skeleton.




	28. Why can metastatic disease show a ring lesion on skeletal scintigraphy?

	28. Uptake is in the reactive bone surrounding a large tumor; the tumor itself does not take up tracer.




	29. How can the bone scan findings of osteomalacia and Cushing’s syndrome be distinguished from metastatic disease?

	29. There is a predominance of rib lesions in osteomalacia and Cushing’s syndrome.




	30. How can osteoarthritis be distinguished from skeletal metastases on a bone scan?

	30. Osteoarthritis causes uptake that is limited to joints, commonly involving both sides of a joint.




	31. How can trauma to the ribs be distinguished from skeletal metastases on a bone scan?

	31. The lesions are aligned.




	32. How can Paget’s disease be distinguished from skeletal metastases on a bone scan?

	32. In Paget’s disease, uptake is characteristically intense and expansile, and it tracks along the length of a bone or hemipelvis.




	33. What are four clues to the diagnosis of a superscan?

	33. Increased bone-to-soft-tissue uptake, absent or faint kidney uptake, increased axial-to-appendicular uptake ratio, and ancillary findings on plain radiographs.




	34. What is a “flare phenomenon”?

	34. Increased uptake following chemotherapy due to healing of bone after regression of metastases.




	35. Which five tumors commonly metastasize to bone?

	35. Tumors of the prostate, breast, lung, kidney, and thyroid.




	36. What is the mechanism of cold lesions on a bone scan?

	36. Loss of blood flow or complete destruction of bone.




	37. What tumors tend to cause no bone reaction on a bone scan?

	37. Multiple myeloma.




	38. What is the usual cause of positive lesions on a bone scan in a patient with multiple myeloma?

	38. Pathologic fractures.




	39. What is the sensitivity of an increased alkaline phosphatase scan for skeletal metastases from prostate cancer?

	39. 50%.




	40. What is the sensitivity of plain radiographs for skeletal metastases from prostate cancer?

	40. 70%.




	41. What percentage of stage I prostate cancer patients have skeletal metastases on a bone scan?

	41. 5%.




	42. What percentage of stage I breast cancer patients have skeletal metastases on a bone scan?

	42. 3 to 5%.




	43. How does mastectomy affect the bone scan?

	43. Asymmetry of rib uptake.




	44. What is the significance of sternal bone scan uptake ipsilateral to a primary breast cancer?

	44. It indicates local invasion from metastases to inframammary nodes.




	45. How does the typical distribution of metastatic disease from lung cancer differ from metastatic disease from breast or prostate cancer?

	45. Appendicular involvement is more common.




	46. What nonmetastatic finding is commonly seen on the bone scans of patients with lung cancer?

	46. Hypertrophic pulmonary osteoarthropathy.




	47. What is the typical location of skeletal metastases of neuroblastomas?

	47. Metaphysis adjacent to the epiphyseal growth plate.




	48. What percentage of primary neuroblastomas takes up the tracer on bone scanning?

	48. 30 to 50%.




	49. What are the usual age groups affected by osteoid osteoma?

	49. Adolescents and young adults.




	50. What is the typical uptake of most benign tumors of bone?

	50. Mildly increased uptake.




	51. What types of benign bone tumors can have increased uptake?

	51. Osteoblastomas and osteoid osteomas.




	52. When do enchondromas have markedly increased uptake?

	52. When they are complicated by fracture.




	53. What percentage of fractures are visualized on a bone scan by 24 hours?

	53. 80%.




	54. What percentage of fractures in patients under age 65 are visualized on a bone scan by 72. hours?

	54. 95%.




	55. When is fracture sensitivity maximal on bone scans in patients over age 65?

	55. At more than 7 days.




	56. What percentage of nondisplaced uncomplicated fractures is normal at 1 year?

	56. 60 to 80%.




	57. What percentage of nondisplaced uncomplicated fractures is normal at 3 years?

	57. 95%.




	58. How long does it take for complicated or displaced fractures to return to normal on a bone scan?

	58. May remain positive indefinitely.




	59. How does a craniotomy site present on a bone scan?

	59. Ring pattern that persists for months.




	60. How does rib resection during a thoracotomy affect a bone scan?

	60. It causes rib uptake from periosteal reaction.




	61. What do intercalary bone grafts look like on a bone scan?

	61. Uptake at bone ends that gradually fill in as the graft revitalizes.




	62. What do pedicle bone grafts look like on a bone scan?

	62. Diffuse immediate uptake.




	63. How does radiotherapy affect bone scan uptake at the site of radiation?

	63. It initially causes mildly increased uptake, with persistently decreased uptake within 6 to 12 months in the geographic pattern of a radiation port.




	64. What is the typical appearance of stress fractures?

	64. Oval or fusiform uptake that is parallel to the long axis of the bone.




	65. What is the prognostic difference between stress fractures and shin splints?

	65. Stress fractures are predictive of further injury without relief of stress, while shin splints are not predictive of further injury.




	66. What is the appearance of rhabdomyolysis on a bone scan?

	66. Localization of tracer in damaged skeletal muscle corresponding to the muscle group that was overexercised.




	67. When is the maximum bone scan uptake with rhabdomyolysis?

	67. 1 week.




	68. What is the appearance of newly infarcted bone on a bone scan?

	68. A cold lesion.




	69. What imaging technique should be used to detect the osteonecrosis of Legg–Calvé–Perthes disease on a bone scan?

	69. Pinhole collimation.




	70. What is the typical finding of Legg–Calvé–Perthes disease on a bone scan done early in the course of the disease?

	70. A lentiform photon-deficient area in the upper outer femoral head.




	71. What is the typical finding of Legg–Calvé–Perthes disease on a bone scan done in the middle of the course of the disease?

	71. Uptake at the margin of a photon-deficient area in the upper outer femoral head.




	72. What is the typical finding of Legg–Calvé–Perthes disease on a bone scan done late in the course of the disease?

	72. Increased uptake in the femoral head.




	73. What is the typical finding of steroidinduced osteonecrosis on a bone scan?

	73. Increased uptake in the femoral head.




	74. What are five findings of sickle cell disease on a bone scan?

	74. Diffusely increased uptake in calvarium, more appendicular uptake than normal, increased skeleton-to-background uptake, kidneys larger than normal, and splenic uptake due to prior infarction.




	75. What variation of a routine bone scan should be performed for the differentiation of osteomyelitis from cellulitis?

	75. Three-phase scan.




	76. How does one acquire the images for the first phase of a three-phase bone scan?

	76. Inject the tracer as a bolus and obtain dynamic 2-second images for 60 seconds.




	77. How does one acquire the images for the second phase of a three-phase bone scan?

	77. Obtain 600,000 static images of the area immediately after the first phase.




	78. What is the third phase of a three-phase bone scan?

	78. Routine delayed images.




	79. How do osteomyelitis and cellulitis differ on the first (flow) phase of a threephase bone scan?

	79. Osteomyelitis shows arterial hyperemia; cellulitis shows venous hyperemia.




	80. How do osteomyelitis and cellulitis differ on the third (skeletal) phase of a three-phase bone scan?

	80. Osteomyelitis shows focal skeletal uptake; cellulitis shows mildly diffused nonfocal uptake.




	81. What is the typical appearance of a loose hip joint prosthesis on a bone scan?

	81. Increased uptake at the greater and lesser trochanter, with increased uptake at the prosthesis tip.




	82. What is the best scintigraphic method to distinguish between prosthesis loosening and infection?

	82. White blood cell scan.




	83. Which two metabolic bone diseases can show stomach and lung uptake on a bone scan, and why?

	83. Primary hyperparathyroidism and renal osteodystrophy; hypercalcemia with calcium deposition in low-pH regions.




	84. What is the role of the bone scan in patients with osteoporosis?

	84. To detect and date insufficiency fractures.




	85. How is the bone scan useful in the evaluation of myositis ossificans (MO)?

	85. The degree of uptake diminishes with maturity of the site of calcification; mature lesions can be resected surgically.




	86. Which of the following apply to osteoid osteomas?
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