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Fall, 2007

Course Description: Introduces magnetic resonance (MR) imaging from the basic concepts to recent cutting-edge applications. Basic physics and chemistry of magnetic resonance; acquiring images using a scanner; fundamentals of image formation; processing MR images; interpreting images in terms of anatomy and physiology; MR spectroscopy; tracking neuronal fibers; functional MR imaging; cardiac and neurologic imaging. Students completing the course will have a basic knowledge of MR imaging fundamentals and applications.

Details: 28 1.5 hour meetings, 2 per week, 3 demonstration labs, 3 credits; Meets Tuesday/Thursday a.m. 9:00 – 10:15 starting August 23. Open to Junior and Senior Undergraduates and to Graduate Students. Location: Wenner-Gren 19.
Contact: Dr. Charles Smith; csmith@mri.uky.edu, 323-1113.

Web Site: http://www.mc.uky.edu/mrisc

BME 599 Introduction to Magnetic Resonance Imaging     Fall 2007
28 1.5 hour meetings, 2 per week, 3 credits; Meets Tuesday/Thursday a.m. 9:00 – 10:15, Wenner-Gren (BME) Building, Room 19.

Course Description: Introduces magnetic resonance (MR) imaging from the basic concepts to recent cutting-edge applications. Basic physics and chemistry of magnetic resonance; acquiring images using a scanner; fundamentals of image formation; processing MR images; interpreting images in terms of anatomy and physiology; MR spectroscopy; tracking neuronal fibers; functional MR imaging; cardiac and neurologic imaging. Students completing the course will have a basic knowledge of MR imaging fundamentals and applications.

Attendance: This is a seminar-level course and behavior consistent with graduate level students is expected. If there are three or more episodes of disturbing the class by appearing late or leaving early, or two or more unexcused absences, the faculty reserve the right to drop the student from the course. Attendance at the three demonstrations is mandatory for the course; a penalty of 1 grade point will be assessed for each (unexcused) demonstration missed.

Faculty:


Course Director: Charles D. Smith, MD, Director, MRISC; Room 62, MRISC; csmith@mri.uky.edu; CS


Lecturers:


Anders Anderson, PhD, Associate Professor, Department of Anatomy & Neurobiology; AHA


Peter Hardy, PhD, Associate Professor, Biomedical Engineering; PAH


David Powell, PhD, Staff Physicist, MRISC; DP


Hima Chebrolu, MSEE, PhD (cand); Postdoctoral Scholar, Department of Anatomy & Neurobiology; HC


Lee Blonder, PhD, Professor, Behavioral Science


Jane Joseph, PhD, Associate Professor, Anatomy and Neurobiology


Mushabbar Syed, MD, Associate Professor of Medicine, Director, Cardiovascular CT & MR Imaging, UKMC

Faculty Contact: To schedule faculty appointments, contact Nancy Baily, MRISC, 323-3973; bailey2@mri.uky.edu
Grading


Examination and quiz grading will be on a percentile curve if the class distribution is below the expected normal, otherwise on an absolute percent scale. Presentations/reports will be rated on an 0 to 100 scale by the faculty. Assessment criteria for graduate students in this class will be more stringent, e.g., graduate students will be held to a higher standard of test and presentation/report performance consistent with their more advanced academic status.

Midterm exam 
25%


The mid-termexam will be a series of best-choice multiple choice questions covering basic concepts, vocabulary and specific information delivered in the lectures and demonstrations in the first half of the course. The information needed to answer the questions will be covered in the lectures.


Final exam

25%


The final exam will be a series of best-choice multiple choice questions covering basic concepts, vocabulary and specific information delivered in the lectures and demonstrations over the whole course, but will emphasize new information from the second-half lectures and demonstrations. Reading the book or looking at the on-line slide sets alone may not provide enough information to get an "A" in the course, because lectures may cover areas not in these sources.


Weekly quizzes
25%


Weekly quizzes will be taken on line to cover the most important basic concepts and vocabulary related to that week's material.


Presentation/report
25%


A list of options will be provided for presentations or reports. Students are expected to choose one option for credit.

Prerequisites: 
Open to UK undergraduate juniors and seniors, and graduate students. UK faculty may audit the course, but must take the examinations and select a presentation/report option. A background in college-level mathematics, physics or chemistry and/or engineering is encouraged. but not required.

Text Book:  MRI Principles, D.G. Mitchell & M.S. Cohen, Saunders 1999. 


Web resources: http://www.cis.rit.edu/htbooks/mri/
Demonstrations: Three in-class demonstrations of MRI technology will be given to provide a real-life experience for the students. Attendance at the demonstrations is mandatory for the course. Demonstrations will take place in the Magnetic Resonance Imaging and Spectroscopy Center (MRISC) in the Whitney Hendrickson building. This building is on Huguelet Avenue one block from the classroom.

Course Outline:

=====================================================================

1. Course Introduction (CDS)







8/23/07

a. Details about course structure, expectations, grading, etc.

b. MRI and other medical imaging technologies

c. Role of medical imaging in health care

d. Survey of applications of MR in biological research

2. Nuclear Magnetic Resonance Phenomena (CDS)




8/28/07

a. The nuclear magnetic field

b. Resonance concept

c. Magnetic interaction, precession & the Lamor equation

d. Magnitude and phase

e. Basic spin interaction & resonance

f. Bulk magnetization & Boltzmann distribution

3. Relaxation & the Bloch equations (DP)






8/30/07

a. Local chemical / magnetic environment

b. Spin-spin interaction & T2

c. Lattice interaction & T1

d. Basic spectroscopy

4. Spatial Encoding  (AHA)







9/4/07

a. Gradient vs. static field

b. Frequency encoding 

c. Phase encoding

d. Slice selection

e. Basic spin echo pulse sequence.

5. Imaging Demonstration I.







9/6/07
a. tour of Trio MR Imager; identify parts

b. imaging brain of volunteer with 2D, T1, PD, T2, three planes + oblique, 3D

c. safety considerations

6. Signal, Noise, Contrast and pulse sequence considerations, 2D and 3D (AHA)
9/11/07

a. Pulse sequence diagram 

b. PD, T1, T2 sequence & examples
c. Signal strength equations.

d. Sources of noise

e. Intro to k-space and segmented acquisitions

f. Echo planar acquisition

7. Other Sources of Contrast & its Manipulation (PAH)




9/13/07

a. Optimization of signal / contrast
b. Magnetization transfer

c. Contrast agents for image enhancement

i. Small molecular Gd

ii. Intravascular 

iii. Targeted

iv. Dual diagnostic & therapeutic

8. Neuroimaging Cases I
(CDS)







9/18/07

a. T1 – cortical anomalies & malformations, hydrocephalus
b. Contrast enhanced tumors
c. T2 – Strokes, tumors, MS

d. FLAIR - Multiple sclerosis

e. Diffusion – tumor, stroke

9. Flow effects (PAH)








9/20/07

a. Motion of spins

b. Flow compensation & encoding

c. Flow artifacts

d. MR angiography

10. Cardiac imaging (Syed)








9/25/07

a. Image synchronization with ECG

b. Dark blood imaging

c. Spin tagging

d. Contrast enhancement for infarct detection

11. Perfusion (PAH)








9/27/07

a. Dynamic contrast enhancement

i. Applications in breast tumors & brain

b. Arterial spin labeling

c. Blood volume (VASO, etc)

d. Cerebral Metabolic Rate of Oxygen consumption

12. Mid term exam









10/2/07

13. Diffusion  (DP)









10/4/07
a. Physics of diffusion

b. Diffusion sensitization of MR signal
c. Diffusion tensor and variety of acquisitions

d. Fractional anisotropy

14. Applications of Diffusion (DP)







10/9/07
a. Correlation of Fa with injury and development.

b. Tensor tracking

c. Tracking applications – development, anatomy

d. FA maps, tracking of CST & others

15. Imaging Demonstration II.







10/11/07
a. DTI

b. MRA

c. MT

d. 1H spectroscopy

16. Basic Spectroscopy (DP)







10/16/07

a. Chemical shift Imaging (CSI)

b. Multinuclear

c. Single vs. Multi-voxel encoding

d. STEAM

17. Spectroscopy Applications (DP)






10/18/07

a. NAA, lactate

b. Normal values

c. Results – proton spectroscopy disease

d. Results – multinuclear spectroscopy

18.  Neuro Cases II. (CDS)








10/23/07

a. Stroke examples shown on MRA, DTI, perfusion

b. Neurosurgical cases with DTI abnormalities

c. Aging? Epilepsy with NAA abnormalities

d. MT and multiple sclerosis

19. BOLD Contrast (AHA)








10/25/07

a. Basic theory heme oxygenation

b. Hemodynamic response

c. GRE & SE EPI sequence

d. Mapping example – visual cortex

20. fMRI Applications (AHA)







10/30/07

a. Task designs – Block, event, runs, epochs

b. Cognitive subtraction

c. Vision, motor, hearing, faces - basic

d. Language & higher-order functions – basic

21. Imaging Demonstration III







11/01/07
a. 3D T1-, T2-weighted for structural analysis

b. fMRI acquisition

22. Image Processing 1: Functional (AHA)






11/06/07

a. Time series

b. Hemodynamic response correction

c. Retrospective data pooling

d. Statistical considerations

23. Functional Neuroimaging Applications (Joseph/Blonder)



11/08/07

a. Cognitive Neuroscience

b. Findings in disease.

24. Image Processing 2: Structural
(HC)






11/13/07

a. RF correction

b. Registration

c. Segmentation

d. Filtering

e. Normalization

25. Structural Neuroimaging Applications (CDS)





11/15/07

a. Changes in structure with disease and age

b. High-resolution structural mapping

26. Very High Field imaging  (PHA)






11/20/07

a. 7T and beyond

b. Multi-coil arrays

c. Biological effects of very high magnetic fields

27. Presentations of individual projects.






11/27/07

28. Presentations of individual projects. Continued




11/29/07

Final Exam (given during exam week)

Rose St.





Classroom


Wenner-Gren 19





Medical Center








PAGE  
2

