Appendix C, Exhibit B2
Sample Imaging Physics Residency Program
Rotation Guide
Comment: This is ONE example based on an extraction from an accredited program. There are many variables and methods of meeting Report 90 and CAMPEP guidelines. Treat this as a guide/example. 

INTRODUCTION 
This document contains the outline for the residency rotations. It is used by the Clinical Coordinator(s) and Resident to ensure the important aspects of Diagnostic Imaging Physics particular to each imaging modality, and several special applications are addressed. It provides basic guidance, recommended activities, and minimum relevant references. 


In addition to the clinical activities outlined within, the resident is expected to work with at least one faculty member on a clinically applicable research project of reasonable duration and depth. The Resident is expected to produce at least one abstract that will be submitted to a regional or national meeting. The Resident is also expected to submit a manuscript for publication to a peer-reviewed journal during the second year of residency. 


Research Imaging Seminars and Trainee/Junior Faculty Seminars are conducted within the Department of Imaging Physics. The Resident is expected to attend at least two seminars per month. Attendance is documented via a sign-in sheet. 


During the second residency year, the Resident may be afforded the opportunity to assist in the teaching of graduate students during the Introductory Diagnostic Imaging Rotation course for the Medical Physics Program. 


The Resident is expected to present two scientific lectures per year. This requirement may be satisfied by presenting abstracts accepted to scientific meetings and by presenting during the summer Trainee and Junior Faculty Seminar series. 

The first week of residency normally consists of the following: 

· Institutional Orientation 

· Acquiring/requesting ID badge, keys, pager, and badge access 

· Setting up the workspace, PC, and phone 

· Residency program orientation with Clinical Coordinator 

INTRODUCTORY CLINICAL OBSERVATIONS 
Goals and Objectives 
This is an initial rotation that is intended to introduce the Resident to the clinical imaging environment, the types of technologist quality control, and the regulations pertaining to use of radiation machines. This rotation is of 4 to 5 weeks’ duration and includes approximately one week in each of the following: 
· General Radiography
· Angiography/Fluoroscopy
· CT
· MRI (magnetic resonance imaging)
· Breast Imaging

The Resident will meet the lead technologists, area managers, technologists, radiologists, physics faculty, physics technologists, and associated personnel in each area. They will also learn the layout of the Diagnostic Imaging department and the types of imaging procedures performed routinely within the division. 
Resources 
Bushberg, J.T., J. A. Seibert, E. M. Leidholdt Jr., and J. M. Boone. The Essential Physics of Diagnostic Imaging, 2nd ed. Philadelphia: Lippincott Williams & Wilkins, 2001. 

1999 American College of Radiology. Mammography Quality Control Manual. Committee on Quality Assurance in Mammography. 

Contact List (see Residency Document – Introduction) 

Institutional and National Introductory Diagnostic Imaging Physics Rotation Courses and websites.
General Radiography 
At the end of this segment, the Resident should be able to give typical clinical values for several imaging parameters in routine radiographic imaging (kVp, SID, number of views, beam direction through patient, etc.) and a brief description of the weekly quality control (QC) procedure. The Resident will also be able to describe how to wear the personnel radiation monitor. 

Angiography/Fluoroscopy 
At the end of this segment, the Resident should be able to sketch three different standard fluoroscopic imaging system configurations (C-arm, for example), describe the patient positioning, give the maximum permissible skin entrance exposure rate, list several tests that are performed to comply with state regulations, and list several of the imaging parameters that can be varied for each system (such as patient to image intensifier distance, kVp, etc.). 
CT 
At the end of this segment, the Resident should be able to briefly describe the daily QC, list the kVp used most frequently in CT imaging, give the definition of pitch and effective mAs, and provide a general description of image formation in CT. 
Mammography 
Upon completion of this segment, the Resident should be able to explain the major differences between general radiographic and dedicated mammographic x-ray imaging systems, list several of the technologist QC tests for mammography, briefly describe a typical screening mammogram, provide several imaging parameters, and give an overview of the reading room viewing conditions. 
MRI 
At the end of this segment, the Resident should be able to explain several MRI safety considerations for patients and personnel, be able to describe some fundamental differences between MRI and x-ray imaging, list some coils used in MR imaging, briefly describe the basics of MR image contrast and 2-D image localization (slice selection and frequency and phase encoding), at least for spin-echo imaging, and summarize the daily QC tests.
QC OF MONITORS, FILM PROCESSORS, AND LASER/THERMAL PRINTERS 
Goals and Objectives 
· Perform QC tests on diagnostic display devices including film processors, wet and dry process laser printers, and electronic displays 

· Establish baselines and action limits 

· Evaluate a darkroom according to MQSA (Mammography Quality Standards Act) 

· Understand the use of the SMPTE (Society of Motion Picture and Television Engineers) test pattern in assessing display quality 

· Identify and isolate common artifacts from processors, laser printers, and electronic displays 

Year 1 


The resident is to assist with the following: 

· Darkroom fog and integrity tests (see quarterly mammography tests) 

· Processor quality control (daily) and fixer retention (quarterly) 

· Regular QC rounds of processors and printers 

· Recording and evaluation of processor and printer QC data 

· Monitor QC tests and adjustments 

· Service calls and follow-up for processors, printers, and monitors 

Year 2 


The resident is to assist with the following: 

· Troubleshooting of equipment performance or image quality issues 

· Configuration and acceptance testing of new printers or monitors. (If a new unit is not available, the acceptance tests may be performed for an existing unit.) 

Applicable Regulations/References 
QC of Monitors, Film Processors, and Laser/Thermal Printers 
Required References 

American College of Radiology. Mammography Quality Control Manual. Committee on Quality Assurance in Mammography. 1999. (pp. 134–136, 149–165, 249–257). 

AAPM Online Report No. 3. Samei, E., et al. Assessment of Display Performance for Medical Imaging Systems. Imaging Informatics Subcommittee Task Group 18; 154 pp. 
Seibert, J. A. “Film Digitizers and Laser Printers” in Practical Digital Imaging and PACS. J. A. Seibert, L. Filipow, and K. Andriole (eds.) AAPM Medical Physics Monograph No. 25. Madison, WI: Medical Physics Publishing,1999. 

Wagner, L. K. “Acceptance Testing and QC of Film Transport and Processing Systems” in Specification, Acceptance Testing and Quality Control of Diagnostic X-ray Imaging Equipment. J. A. Seibert, G. T. Barnes, and R. G. Gould (eds.). Medical Physics Monograph No. 20. Proceedings of the AAPM 1994 Summer School. Woodbury, NY: American Institute of Physics, 1994. 

Additional References

AAPM Report No. 57. (1996). Recommended Nomenclature for Physical Quantities in Medical Applications of Light. Report of General Medical Physics Committee Task Group 2. Woodbury, NY: American Institute of Physics.
Haus, A. (ed.). Advances in Film Processing Systems, Technology, and Quality Control in Medical Imaging. Madison, WI: Medical Physics Publishing,2001. 

Section on Processors, Printers, Monitors 

Section on PACS (for monitor QC) 

Section on Visual Perception 

Kodak Health Imaging Support: Service Bulletin http://www.kodak.com/US/en/health/support/ service/30.shtml.

GENERAL RADIOGRAPHY 
Goals and Objectives 
· Understand the principles of image formation with screen-film, Computed Radiography (CR) or Digital Radiography (DR) systems 

· To understand image quality in static 2-D projection imaging 

· Learn to perform and evaluate QC testing 

Year 1 


At a minimum, the resident is to assist with the following: 

· Annual compliance testing two units (no more than one portable can be applied toward this requirement) 

· Entrance skin dose calculation at least once, preferably twice 

· Fetal dose calculation and risk estimate 

· Acceptance test at least one general radiography unit (portables do not apply toward this requirement). If a new unit is not available, the acceptance tests may be performed for an existing unit 

· Assist with shielding calculation or evaluation, if available 

Year 2 


The resident is to perform each of the following with minimal supervision: 

· Annual compliance test 

· Shielding calculation for at least one general radiographic room (a rad/fluoro room can be substituted) 

· Shielding inspections for at least one general radiographic room (a rad/fluoro room can be substituted) 

· Patient dose calculation, fetal dose calculation, and risk estimate 

· The resident is to assist with the following: Troubleshooting of equipment performance or image quality issues 

Applicable Regulations/References 
Required References 
AAPM Report 74. (2002). Quality Control in Diagnostic Radiology. Report of Task Group 12, Diagnostic X-ray Imaging Committee. Madison, WI: Medical Physics Publishing. 

Sprawls, P. “Digital Imaging Concepts and Applications” in The Expanding Role of Medical Physics in Diagnostic Imaging, G. D. Frey and P. Sprawls (eds.). Madison, WI: Advanced Medical Publishing, pp. 17–36, 1997. 

NCRP Report 116. Limitations of Exposure to Ionizing Radiations. Bethesda, MD: National Council on Radiation Protection and Measurements, 1993. 

State Regulations for Control of Radiation 

Additional References
AAPM Report 14. (1985). Performance Specifications and Acceptance Testing for X-Ray Generators and Automatic Exposure Control Devices. R. P. Rossi, P. J. Lin, K. Strauss, and R. P. Rauch. Woodbury, NY: American Institute of Physics. 
Seibert, J.A., G. T. Barnes, and R. G. Gould (eds.). Specification, Acceptance Testing and Quality Control of Diagnostic X-ray Imaging Equipment. Medical Physics Monograph No. 20. Proceedings of the AAPM 1994 Summer School. Woodbury, NY: American Institute of Physics, 1994. 
AAPM Report 31. (1990). Standardized Methods for Measuring Diagnostic X-ray Exposures . Report of Diagnostic X-ray Imaging Committee Task Group 8. Woodbury, NY: American Institute of Physics.
Kitts, E. L. “Recent Advances in Screen-Film Systems” in The Expanding Role of Medical Physics in Diagnostic Imaging. G. D. Frey and P. Sprawls (eds.). Madison, WI: Advanced Medical Publishing, pp. 153–181, 1997.

National Academy of Sciences. Health Effects of Exposure to Low Levels of Ionizing Radiation (BEIR V). Washington, D.C.: National Academy of Sciences, 1990. 

NCRP Report 147. Structural Shielding Design for Medical X-ray Imaging Facilities. Bethesda, MD: National Council on Radiation Protection and Measurements, 2004. 

Title 10, Code of Federal Regulations, Part 20, Standards for Protection against Radiation, Nuclear Regulatory Commission, Washington, D.C.: U. S. Government Printing Office.  

Title 21, Code of Federal Regulations, Part 1020, Food and Drug Administration (FDA), Washington, D.C.: U. S. Government Printing Office.  

http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfCFR/CFRSearch.cfm 
United Nations Scientific Committee on the Effects of Atomic Radiation, Genetic and Somatic Effects of Ionizing Radiation. 1988 Report to the General Assembly, New York, 1988. 

Wagner, L., R. Lester, and L. Saldana. Exposure of the Pregnant Patient to Diagnostic Radiations: A Guide to Medical Management. 2nd ed. Madison, WI: Medical Physics Publishing, 1997. 
Shielding for Diagnostic X-rays
The supporting data for the approaches and recommendations provided in NCRP Report 147 are based upon many of these publications. 
· Archer, B. R., J. I. Thorny, and S. C. Bushong. (1983). “Diagnostic x-ray shielding design based on an empirical model of photon attenuation.” Health Phys 44:507–517. 

· Archer, B. R., T. R. Fewell, B. J. Conway, and P. W. Quinn. (1994). “Attenuation properties of diagnostic x-ray shielding materials.” Med Phys 21:1499–1507. 

· Dixon, R. L. (1994). “On the primary barrier in diagnostic x-ray shielding.” Med Phys 21:1785–1794. 

· Dixon, R. L., and D. J. Simpkin. (1998). “Primary shielding barriers for diagnostic x-ray facilities: A new model.” Health Phys 74:181–189. 

· Légar, J. M., P. E. Carrières, A. Manseau, C. Bibeau, J. Robert and N.  Robideaux. (1977). “Blindage contre les grands champs de rayons X primaires et diffusés des appareils triphasés au moyen de panneaux de verre, de gypse, et de plomb acoustique.” Radioprot 13:79–95 

· Simpkin, D. J. (1991). “Shielding a spectrum of workloads in diagnostic radiology.” Health Phys 61:259–266. 

Simpkin, D. J. (1994). “Diagnostic X-ray shielding calculations for effective dose equivalent (abstract).” Med Phys 21:893 . 
Simpkin, D. J. (1995). “Transmission data for shielding diagnostic x-ray facilities.” Health Phys 68:704–709. 
Simpkin, D. J. “Regulations and Standards: Radiation Rrotection” in RSNA Categorical Course in Physics 1995: Physical and Technical Aspects of Interventional Radiology. Oak Brook, IL: RSNA,1995. 
· Simpkin, D. J. (1996). “Evaluation of NCRP Report 49: Assumptions on workloads and use factors in diagnostic radiology facilities.” Med Phys 23:577–584. 

Simpkin, D. J., R. L. and Dixon. (1998). “Secondary barriers for diagnostic x-ray facilities: Scatter and leakage revisited.” Health Phys 74:350–365.
Simpkin, D. J., B. R. Archer, and R. L. Dixon. “Radiation Protection Design and Shielding in Diagnostic Installations” in Biomedical Uses of Radiation. Volume 1, Chapter 6. W. R. Hendee (ed.). Weinheim, Germany: Wiley-VCH, 1998. 
Simpkin, D. J. “Radiation Shielding for Cardiac Angiography Laboratories” in RSNA Categorical Course in Physics: Cardiac Catheterization Imaging. (Oak Brook, IL: RSNA,  1998.
Trout, E. D., and J. P. Kelly. (1972). “Scattered radiation from a tissue-equivalent phantom for x-rays from 50 to 300 kVp.” Radiology 104:161–169. 
ANGIOGRAPHY AND FLUOROSCOPY
Goals and Objectives 
· Understand the principles of image formation with fluoroscopic systems utilizing image intensifiers and/or digital (flat-panel) image receptors 

· Understand the theory of operation and the clinical uses of transmission ion chambers and other dosimetry devices in fluoro applications (such as PEMNET® (Patient Exposure Monitoring Network), MOSFET (metal oxide semiconductors–field effect transistor), etc.) 

· Operate several different fluoroscopy systems for purposes of quality control testing 

· Learn the radiation safety concerns for patients, personnel, and public 

· Discuss the interactions of the variable imaging parameters associated with the fluoroscopic configurations and their impact on patient dose and image quality 

· Understand the imaging and patient dose concerns with special procedures, including: last-image hold, road-mapping, serial (radiographic) imaging, digital subtraction imaging, rotational fluoro acquisitions, etc. 

· Estimate patient entrance skin dose as well as fetal dose from a variety of fluoroscopic procedures 

· Perform and evaluate QC testing 

Year 1 


The resident is to assist with the following: 

· Annual compliance testing of at least two units having different configurations (i.e., portable C-arm, general purpose, interventional, cysto) 

· Shielding calculation for at least one fluoro or interventional room 

· Shielding inspections for at least one fluoro or interventional room 

· Entrance skin dose calculation for at least two different procedures (one general and one interventional) 

· Fetal dose calculation and risk estimate 

· Acceptance test at least one and preferably two fluoro or interventional units. If a new unit is not available, the acceptance tests may be performed for an existing unit. 

Year 2 


The resident is to perform each of the following with minimal supervision: 

· Annual compliance test 

· Shielding calculations 

· Patient dose calculation, fetal dose calculation, and risk estimate 

· 
The resident is to assist with the following: 

· Troubleshooting of equipment performance or image quality issues 

· Assist with teaching of labs during diagnostic imaging rotations for graduate medical physics students 

Applicable Regulations/References 
Required References 

See Required References for General Radiography section. 

FDA recommendations Sep 1994, Sep 1995. 

AAPM Report No. 70. (2001). Cardiac Catheterization Equipment Performance, Report of Task Group 17 of Diagnostic X-ray Imaging Committee. Madison, WI: Medical Physics Publishing.
Wagner, L. K., and B. J. Archer. Minimizing Risks from Fluoroscopic X-rays: Bioeffects, Instrumentation, and Examination, 2nd edition. No city given: R.M. Partnership, 1998. 

NCRP Report 116. Limitations of Exposure to Ionizing Radiations. Bethesda, MD: National Council on Radiation Protection and Measurements, 1993. 

Additional References

See Additional References for General Radiography section. 

AAPM Report No. 58. (1998). Managing the Use of Fluoroscopy in Medical Institutions. Report of Radiation Protection Committee Task Group 6. Madison, WI: Medical Physics Publishing.
Balter, S., and T. Shope (eds.). Syllabus: A Categorical Course in Physics. Physical and Technical Aspects of Angiography and Interventional Radiology. Presented at 81st Radiological Society of North America (RSNA), 26 Nov–1 Dec 1995. 
MAMMOGRAPHY 
Goals and Objectives 
· To appreciate the differences between general radiography and mammography 

· To observe the technologist and radiologist at work in a mammography environment 

· To become familiar with the Technologist QC program 

· To perform and document an annual inspection of a mammography unit 

· To understand MQSA and its effect on the role of the physicist in mammography 

· To become familiar with mammography references, regulations, and guidance documentation 

· To calculate the shielding required for a mammography room 

· To calculate the average glandular dose for a mammogram 

· To appreciate the differences that digital mammography is bringing to mammographic imaging 

Year 1 


The resident is to assist with the following: 

· Annual compliance testing of at least two screen-film mammography units 

· Annual compliance testing of at least four full-field digital mammography units 

· Annual compliance testing of the prone stereo biopsy unit 

· Shielding calculation for at least one unit 

· Screen speed uniformity and artifact testing 

· Evaluation of view boxes and viewing conditions 

· Attend at least one quarterly mammography QC review meeting 

Year 2 


The resident is to perform at least one of the following with minimal supervision: 

· Annual compliance testing of at least 4 mammography units 

· Screen speed uniformity and artifact testing 

· Evaluation of view boxes and viewing conditions 


The resident is to assist with the following:
· Troubleshooting of QC problems in mammography.

Applicable Regulations/References 
Required References
American College of Radiology. Mammography Quality Control Manual – 1999, Committee on Quality Assurance in Mammography, Hendrick, E. et al. (eds.) Reston, VA: ACR, 1999.
Bushberg, J. T., J. A. Seibert, E. M. Leidholdt, and J. M. Boone. “Chapter 8: Mammography” in The Essential Physics of Medical Imaging, 2nd ed. Philadelphia: Lippincott Williams and Wilkins,  2002. 

Food and Drug Administration Web Site for Mammography: http://www.fda.gov/cdrh/mammography/index.html.
NCRP Report 147. Structural Shielding Design for Medical X-ray Imaging Facilities. Bethesda, MD: National Council on Radiation Protection and Measurements, 2004. 

Nickoloff, E. L., and E. M. Donnelly. (1988). “Use of gypsum drywall as shielding material for mammography.” Health Phys 54:465–468. 

Simpkin, D. “Scatter radiation intensities about mammography units.” (1996). Health Phys 70:238–244. 

Simpkin, D. (1987). “Shielding requirements for mammography.” Health Phys 53(3):267–279. 

Wu, X. “Breast dosimetry in screen film mammography” in Screen Film Mammography: Imaging Considerations and Medical Physics Responsibilities. G. T. Barnes and G. D. Frey (eds.). Madison, WI: Medical Physics Publishing, pp. 159–175, 1991.
Additional References

AAPM Report No. 29 (1990). Equipment Requirements and Quality Control for Mammography. New York, NY: American Institute of Physics.
American College of Radiology. Stereotactic Breast Biopsy Quality Control Manual. Hendrick E. et al. (eds.). Reston, VA: ACR, 1999. 

American College of Radiology website: http://www.acr.org. 
Dixon, R., P. Butler, and W. Sobol (eds.). Accreditation Programs and the Medical Physicist. Proceedings of AAPM 2001 Summer School. AAPM Monograph No. 27. Madison WI: Medical Physics Publishing, 2001.
Haus, A. (ed.). Advances in Film Processing Systems, Technology and Quality Control in Medical Imaging. Madison WI: Medical Physics Publishing, 2001. 

Haus, A., and S. Jaskulski. The Basics of Film Processing in Medical Imaging. Madison, WI: Medical Physics Publishing, 1997. 
MA-AAPM Symposium Proceedings. Emerging Issues in Mammography. Charlottesville, VA, 20–21 Sep 1996.
NCRP Report 116. Limitations of Exposure to Ionizing Radiations. Bethesda, MD: National Council on Radiation Protection and Measurements, 1993. 
SE-AAPM Symposium Proceedings: Quality Control in Digital Mammography. Memphis, TN; 2–3 April 1998. 
Stanton L., T. Villafana, J. L. Day, and D. A. Lightfoot. (1984). “Dosage evaluation in mammography.” Radiology 150:577–584.

Wu, X., E. L. Gingold, G. T. Barnes, and D. M. Tucker. (1994). “Normalized average glandular dose in Mo/Rh and Rh/Rh target filter mammography.” Radiology 193:83–89.
COMPUTED TOMOGRAPHY

Goals and Objectives 
Year 1 


The resident is to assist with the following: 

· Acceptance test at least one and preferably two CT scanners. If a new unit is not available, the acceptance tests may be performed for an existing unit 

· Annual compliance testing of at least one and preferably two CT scanners 

· Shielding calculation for at least one and preferably two scanners 

· Shielding inspections for at least one scanner (optional for CT) 

· Dose calculation at least once, preferably twice 

· Fetal dose calculation and risk estimate 

Year 2 


The resident is to perform the following with minimal supervision: 

· Annual compliance test 

· Shielding calculations 

· Patient dose calculation, fetal dose calculation and risk estimate 

Applicable Regulations/References 
Required References
AAPM Report No. 39. Specification and Acceptance Testing of Computed Tomography Scanners. Report of Task Group 2 of the Diagnostic X-ray Imaging Committee. New York: American Institute of Physics, 1993.
State Regulations for Control of Radiation 
Additional References 
Seibert, J.A. G. T. Barnes, and R. G. Gould (eds.). Specification, Acceptance Testing and Quality Control of Diagnostic X-ray Imaging Equipment. J. A. Seibert, Proceedings of the 1991 AAPM Summer School. AAPM Monograph 20. Woodbury, NY: American Institute of Physics, pp. 801–936, 1994.

Gould, R. “CT Overview and Basics.” pp. 801–832.

Mattson, R. “CT Design Considerations and Specifications,” pp. 833–862.

Loo, L.-N. D. “CT Acceptance Testing.” pp. 863–898.
Rothenberg, L. “CT Dose Assessment.” pp. 899–936.

SE-AAPM Spring Symposium 2000. Spiral and Multi-slice CT: Physical Principles and Medical Physicist Responsibilities, 16–17 March 2000, Asheville, NC.
NUCLEAR MEDICINE AND PET 
Goals and Objectives 
Year 1 


The resident is to assist with the following:
· Acceptance test at least one nuclear medicine camera. If a new unit is not available, the acceptance tests may be performed for an existing unit 

· Annual compliance testing of at least two nuclear medicine cameras (one of which should include SPECT (single photon emission computed tomography) testing) 

· Annual compliance testing of the PET (positron emission tomography) unit 

· Shielding calculation 

· Shielding inspection 

· Dose calculation at least once, preferably twice 

· Fetal dose calculation and risk estimate 

Year 2 


The resident is to perform the following with minimal supervision: 

· Annual compliance test 

· Shielding calculations 

· Patient dose calculation, fetal dose calculation and risk estimate 


The resident is to assist with the following: 
· Troubleshooting image quality or equipment performance issues
Applicable Regulations/References 
Required References
AAPM Report No. 6. Scintillation Camera Acceptance Testing and Performance Evaluation. Report of the Nuclear Medicine Committee. New York: American Institute of Physics, 1980.
AAPM Report No. 52 (1995). “Quantitation of SPECT performance.” Report of Nuclear Medicine Committee Task Group 4. Med Phys 22(4):401–409.  

Bushberg, J. T., J. A. Seibert, E. M. Leidholdt, and J. M. Boone. Chapter 8 “Mammography” in The Essential Physics of Medical Imaging, 2nd ed. Philadelphia: Lippincott Williams and Wilkins, 2002. 

Graham, S. “Quality Assurance of Anger Cameras” in Physics of Nuclear Medicine: Recent Advances. D. Rao, R. Chandra, and M. Graham (eds.). Proceedings of the AAPM 1983 Summer School. AAPM Monograph No. 10. New York: American Institute of Physics, 1984. 

Additional References 
AAPM Report No. 71 (2001). A Primer for Radioimmunotherapy and Radionuclide Therapy. Report of Nuclear Medicine Committee Task Group 7. Madison, WI: Medical Physics Publishing.
NEMA Standards Publication NU 1-2001 (Draft): Performance Measurements of Scintillation Cameras. Rosslyn, VA: National Electrical Manufacturers Association. 

NEMA Standards Publication NU 2-2001: Performance Measurements of Positron Emission Tomographies. Rosslyn, VA: National Electrical Manufacturers Association.  
Rao, D., R. Chandra, and M. Graham (eds.). Physics of Nuclear Medicine: Recent Advances. Proceedings of the AAPM 1983 Summer School. AAPM Monograph No. 10. New York: American Institute of Physics, 1984. 
State Regulations for Radioactive Materials

ULTRASOUND

Goals and Objectives

Year 1 


The resident is to assist with the following: 

· Acceptance test at least one unit. If a new unit is not available, the acceptance tests may be performed for an existing unit. 

· Annual compliance testing two units 

Year 2 


The resident is to perform the following with minimal supervision: 
· Annual compliance test 

The resident is to assist with the following:
· Troubleshooting of equipment performance or image quality issues.
Applicable Regulations/References 
Required References 
Bushberg, J. T., J. A. Seibert, E. M. Leidholdt, and J. M. Boone. Chapter 8 “Mammography” in The Essential Physics of Medical Imaging, 2nd ed. Philadelphia: Lippincott Williams and Wilkins, 2002. 

Goodsitt, M. M., P. L. Carson, S. Witt, D. L. Hykes, and J. M. Kofler Jr. (1998). “Real-time B-mode ultrasound quality control test procedures: Report of AAPM Ultrasound Task Group No. 1.” Med Phys 25(8):1385–1406.
RESIDENCY ROTATION: MAGNETIC RESONANCE IMAGING 
Goals and Objectives 
Year 1 

· Acceptance test one MRI system. If a new unit is not available, the acceptance tests may be performed for an existing unit 

· ACR annual testing of two units 

· Review siting considerations, participate in site planning (if available) 

Year 2 


The resident is to perform each of the following with minimal supervision: 

· Annual survey 


The resident is to assist with the following: 
· Troubleshooting of equipment performance or image quality issues
References
MRI Basics 
Bushberg, J. T., J. A. Seibert, E. M. Leidholdt, and J. M. Boone. Chapter 14: “Nuclear Magnetic Resonance” and Chapter 15: “Magnetic Resonance Imaging (MRI)” in The Essential Physics of Medical Imaging. 2nd ed. Philadelphia: Lippincott Williams and Wilkins,  pp. 373–467, 2002). 

Elster, A. D., and J. H. Burdette. Questions and Answers in Magnetic Resonance Imaging. 2nd edition. St. Louis: Mosby, 2001. 

General
Bernstein, M. A., F. King Kevin, and X J. Zhou. Handbook of MRI Pulse Sequences. Burlington, MA: Elsevier Academic Press, 2004. 

Clarke, G. D. “Rationale and Implementation of the ACR MRI Accreditation Program’s Required Phantom Tests” in Accreditation Programs and the Medical Physicist. R. Dixon, P. Butler, and W. Sobol (eds.). Proceedings of the AAPM 2001 Summer School. AAPM Monograph No. 27. Madison WI: Medical Physics Publishing, 2001. 

Haacke, E. M., R. W. Brown, M. R. Thompson, and R. Venkatesan. Magnetic Resonance Imaging: Physical Principles and Sequence Design. New York: Wiley-Liss, 1999. 

Runge, V. M., W. R. Nitz, S. H. Schmeets, W. H. Faulkner, and N. K. Desai. The Physics of Clinical MR Taught Through Images. New York: Thieme, 2005. 

Sobol, W. “MRI Physics of the QC Program” in Accreditation Programs and the Medical Physicist. R. Dixon, P. Butler, and W. Sobol (eds.). Proceedings of the AAPM 2001 Summer School. AAPM Monograph No. 27. Madison WI: Medical Physics Publishing, pp. 81–100, 2001. 
Wehrli, F. W., D. Shaw, and J. B. Kneeland. Biomedical Magnetic Resonance Imaging: Principles, Methodology and Applications. New York: VCH Publishers, 1988. 

 Zhuo, J., and R. P. Gullapalli. (2006). “AAPM/RSNA Physics tutorial for residents: MR artifacts, safety, and quality control.” Radiographics 26:275–297. 

MRI Safety 
ACR MR Safety white paper and update:


http://www.acr.org/SecondaryMainMenuCategories/quality_safety/guidelines/WhitePaperonMRSafetyCombinedPapersof2002and2004Doc11.aspx. 
FDA Document: Criteria for Significant Risk Investigations of Magnetic Resonance Diagnostic Devices: http://http://www.imrser.org/PDF/FDA.guidance.2003.pdf. 

http://www.users.on.net/~vision/safety/ACRWP-comments-FGS-JVC.pdf.

Kanal, E. (ed.). MR Safety; Magnetic Resonance Imaging Clinics of North America: Vol 6, No. 4, 1998.
Kanal, E. MR Safety website: http://www.radiology.upmc.edu/MRsafety/.
http://http://www.fda.gov/cdrh/safety/mrisafety.html. 
http://http://www.imrser.org/. 
http://http://www.magneticresonancesafetytesting.com/. 
Shellock, Frank. MRI Safety website: http://www.mrisafety.com. 

Shellock, F. G., and J. V. Crues. (2004). “MR procedures: Biologic effects, safety, and patient care.” Radiology 232(3):835–652.
Shellock, F. G., and E. Kanal. Magnetic Resonance: Bioeffects, Safety, and Patient Management. Philadelphia: Lippincott Williams and Wilkins, 1996. 

MR Acceptance Testing and Quality Control 
AAPM Report No. 20. Site Planning for Magnetic Resonance Imaging Systems.  Report of Nuclear Magnetic Resonance Committee Task Group 2. New York, American Institute of Physics, 1986. 
AAPM Task Group 1. (2005 Draft not yet published.) Jackson, E. F., et al. Acceptance Testing and Quality Assurance Procedures for Magnetic Resonance Imaging Facilities (MR Task Group 1).
Och, J. G., G. D. Clarke, W. T. Sobol, C. W. Rosen, and S. K. Mun. (1992). “Acceptance testing of magnetic resonance imaging systems: Report of AAPM nuclear magnetic resonance Task Group No. 6.” Med Phys 19 (1):217–229.
Price, R. R. L. Axel, T. Morgan, R. Newman, W. Perman, N. Schneiders, M. Selikson, M. Wood, and S. R. Thomas. (1990). “Quality assurance methods and phantoms for magnetic resonance imaging: Report of AAPM nuclear magnetic resonance Task Group No. 1.” Med Phys 17(2):287–295. 
ACR Accreditation in MRI 
American College of Radiology (ACR) website: MRI Accreditation Program ACR Accreditation Program Requirements; Phantom Test Guidance for the ACR MRI Accreditation Program. http://www.acr.org. 
MRI Artifacts (Applicable Web Sites)

Website Tutorials (Applicable Web Sites) 
Proton MR Spectroscopy
Drost, D. J., W. R. Riddle, and G. D. Clarke. (2002). “Proton magnetic resonance spectroscopy in the brain: Report of AAPM MR Task Group #9.” Med Phys 29(9):2177–2197.
REGIONAL HOSPITAL CARDIOVASCULAR ROTATION 
Contact: Dr. _______________ .
· Make scheduling arrangements for this section of the rotation through Program Director. 

· Cardiac Catheterization laboratories, eleven laboratories, with a variety of equipment and the full range of diagnostic and interventional procedures 

· Observe range of cath procedures 
· Observe intravascular radiation therapy for prevention of restenosis and assess the radiation safety issues 

· Assist in the medical physicists performance evaluation of several cardiac cath labs 

· Review the performance and the quality control procedures for flat panel digital fluoroscopy systems (GE Innova 2000) 

· Review the preventative maintenance and the quality control programs of the cath labs by the Biomedical Engineering department 

· Review patient and staff doses in an adult cardiac catheterization laboratory
REGIONAL HOSPITAL CARDIOVASCULAR NUCLEAR MEDICINE 
· Observe the quality control protocol for cardiac SPECT cameras 

· Observe treadmill and pharmacologic radionuclide stress testing 

· Review SPECT acquisition and processing options on Marconi and ADAC SPECT systems 

· Attend interpretation session with nuclear medicine physicians and cardiologists 

· Observe echocardiography studies on representative patients 

· Review patient and staff doses in cardiovascular nuclear medicine
REGIONAL HOSPITAL CARDIAC CATH LAB AND NUCLEAR MEDICINE 
· Observe the diagnostic and interventional pediatric cardiology catheterization procedures 

· Review patient and staff doses in a pediatric cardiac cath laboratory 

· Observe gamma camera quality control protocols and representative pediatric nuclear medicine procedures 

· Review pediatric radiopharmaceuticals dosage schedule and patient absorbed doses 
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