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Overview

3 Tesla magnets are no longer just a research tool used almost exclusively for brain
imaging. Clinical 3T imaging of the abdomen and pelvis is now feasible and being
performed worldwide. There is a huge push particularly from the industry to “upgrade” to
3T with units designed for whole body imaging. While in theory, 3T imaging offers
higher signal to noise, increased spectral separation and improved image contrast, can
these advantages be realized in the setting of the busy clinical practice? If so, is 3T
imaging better than 1.5 T for body imaging?

In order to grasp the potential advantages of body imaging at 3T, it is important to
understand what changes at 3T when compared to 1.5 T and how does it impact protocol.
Sequence parameters at 1.5T should not be applied to 3T without making some basic
modifications in order to optimize imaging quality. While some adjustments are
straightforward such as altering TR and TE to improve image contrast, others may
require new sequence design and technical improvements in magnet and coil designs
which are actively being pursued. It is the goal of this lecture to introduce the audience to
body imaging at 3T and address not only the challenges but the potential opportunities.

Objectives

1. Basic safety at 3T

2. Review potential advantages and disadvantages of abdominal/pelvic imaging at 3T.
3. Discuss the impact of 3T on routine abdominal/pelvic imaging protocols

4. Discuss potential future applications of 3T for body imaging

Safety concerns at 3.0T

Short-term exposures to static magnetic fields have not been shown to result in
harmful biological effects in humans. The FDA has categorized clinical MR systems
with a static magnetic field of up to 8 T as posing “non-significant risk” for patients over
1 month old. (Current FDA guidelines can be found at their website: www.fda.gov). In
general, most devices that are safe at 1.5 T are proving also to be safe at 3 T.[1] Several
continuously updated internet websites may be used for reference in specific cases
(www.radiology.upmc.edu/MRsafety, www.mrisafety.com, for example).

Specific absorption rate (SAR) is a measure of the rate at which the body absorbs
radiofrequency energy. Radiofrequency (RF) energy deposition and absorption must be
carefully monitored to avoid excess heating. It is related to the square of the main
magnetic field, so that at 3T, RF energy deposition is four times greater than at 1.5 T. The
US Food and Drug Administration limits SAR based on concerns regarding the potential
for tissue damage cause by excessive heat exposure.



http://www.fda.gov/
http://www.radiology.upmc.edu/MRsafety
http://www.mrisafety.com/

Pros and Cons of Body Imaging at 3T
Field (Bo) Homogeneity:

Increasing field strength from 1.5 to 3 T leads to more susceptibility effects (local
alterations in the magnetic field caused by placing a body in the magnet).

By inhomogeneity leads to shortened T2* relaxation times and leads to greater signal loss
at a given echo time at higher field strength. Such an effect may be favorable in
abdominal and pelvic imaging and improve sensitivity to iron deposition for example in
patients with hemachromatosis. Also, greater sensitivity to iron-containing contrast
agents may prove advantageous. This also may be useful for certain sequences such as
blood oxygenation level dependent (BOLD) which rely on the susceptibility effects of
deoxyhemoglobin.

Susceptibility effects can also distort the local field and can also lead to image distortion
and this effect can be problematic in body imaging because of signal loss at the interface
between air and soft tissue (bowel, heart/lungs) or around implanted metallic clips or
prostheses

Solutions: Better shimming, decreased voxel size (minimize intravoxel dephasing),
shorten echo times (TE). Note that in order to shorten TE, higher bandwidth may he
required resulting in a decreasing signal to noise (SNR).

Radiofrequency / (B;) Homogeneity

B describes the magnetic field that is associated with RF excitation, necessary to tip
magnetic moments of protons temporarily away from their alignment with the main
magnetic field. B; heterogeneity causes imperfect excitation and consequently areas of
low signal, typically referred to as the dielectric effect. Inhomogeneous RF excitation
due to B; inhomogeneity, results in visible inhomogeneity across the image that can
obscure visualization of certain parts of the body, such as the left lobe of the liver. This is
especially a problem in body imaging at 3 T in thin individuals.

Solutions: Use of extra padding over the abdomen and pelvis. New pulse sequences, new
RF excitation pulses that can generate more uniform excitation and/or new phased array
transmit coil designs that permit customized excitation pulses for uniformity.[2] Many of
these are under investigation and rapidly evolving.

SAR

When scanning human subjects, RF power deposition is constrained by SAR limitations.
Some of the simplest solutions reduce SAR but at the expense of decreased image
quality. For example, lower flip angles for both types of sequences reduce image contrast
and SNR. Alternatively, shortened echo train lengths, increased interecho spacing, or
lengthened TR tend to lengthen acquisition times. This can be undesirable in chest and
abdominal applications where breath hold imaging is favorable.

Solutions: For RARE sequences, lower flip angles can be used for refocusing, but at the
expense of introducing a T1 dependence of the signal.[3] Variable flip angle sequences
have recently been implemented that use a flip angle evolution during the echo train
resulting in predictable patterns of signal intensity and desired image contrast with lower
RF deposition.[4]



Variable-rate selective excitation (VERSE) methods, first described almost two decades
ago, are also seeing a resurgence at higher field strengths.[5] VERSE techniques combine
a time-varying gradient waveform with a modified RF waveform to provide the same
excitation profile with less RF deposition. These pulses can be used to achieve high flip
angles without exceeding SAR limits.

By reducing the necessary number of phase-encoding steps, parallel imaging techniques
can help decrease RF exposure.

Signal to Noise ratio (SNR)

One of the major advantages of high field imaging is the potential increase in signal to
noise ratio (SNR). Increasing field strength from 1.5 to 3 T leads to a theoretical two-
fold increase in signal while noise remains relatively unaffected by field strength.

In human subjects, the theoretical increase in SNR may not be completely realized
because of other factors. At high field strength, longitudinal relaxation T1, chemical shift
and susceptibility effects increase, while T2 relaxation times decrease. To optimize tissue
contrast, higher bandwidths are often required thereby decreasing the overall SNR. SAR
limitations may reduce imaging efficiency or image quality.

Solutions: Parallel imaging strategies can potentially compensate for the limitations of
SAR and maximize the potential gains in SNR at higher fields.

Chemical Shift

Given the higher Larmor frequency at 3T, there is (2X) greater chemical shift between
compounds. This greater spectral separation and combined with greater SNR, provides
great promise for MRS at high fields. The greater chemical shift between fat and water,
equaling about 440 Hz at 3 T, compared with 220 Hz at 1.5 T, has several implications
for conventional sequences such as in and out of phase T1 gradient echo and frequency
selective fat suppressed sequences. Echo times at which fat and water protons are in-
phase and opposed phase become much more closely spaced at 3 T.

Given the greater separation of fat and water at 3 T, chemical shift artifact due to
mismapping of the frequency-encoded signal of fat into water voxels, occurs at higher
bandwidths.

However, greater spectral separation lends itself to more successful frequency selective
fat suppression.

T1 and T2 Relaxation Times

The magnetic field-dependence of tissue relaxation times is well-documented in the brain
and musculoskeletal system. [6-9] De Bazelaire et al. calculated relaxation times of
abdominal organs of human volunteers at 1.5 T and 3 T and showed an overall increase
in T1 relaxation times and a slight decrease in T2 relaxation times at 3 T when compared
to 1.5 T, depending on the organ.[10]

Owing to the lengthening of T1 relaxation times for most abdominal organs, there is a
potential reduction of T1 contrast. Consequently, for gradient echo imaging, the TR
should be longer, acquisition bandwidths should be larger, and the flip angle should be
adjusted in order to optimize the image contrast and SNR. T1 relaxation times for



gadolinium contrast agents, however, are less affected at higher field strengths. This may
result in greater image contrast on gadolinium-enhanced images at 3 T compared with 1.5

T.

Because of faster T2 relaxation, the rapid acquisition relaxation enhancement (RARE)
sequences such as fast spin echo (FSE) or turbo spin echo (TSE) can be more affected by
blurring artifacts at 3 T than at 1.5 T.[11] Consequently, a shorter TE and a shorter echo
train length may be necessary and attained by use of parallel imaging.

Optimizing routine body imaging protocols at 3T

T1-Weighted Gradient Echo Imaging

The greater chemical shift between fat and water at 3 T means that echo times at
which fat and water protons are in-phase and opposed-phase are more closely
spaced at 3 T. An efficient method for acquiring in-phase and opposed-phase
images that also ensures image registration is dual-echo gradient echo imaging.
High receiver bandwidths may be necessary to allow for sampling of two separate
echoes following each RF excitation.

In general, it is desirable to for the opposed-phase acquisition be performed at a
shorter TE than the in-phase so that signal loss on the opposed image can be
attributable to fat-water signal cancellation, rather than to T2* decay, such as due
to iron deposition.

The TR should be selected depending on the number of imaging slices desired for
the acquisition, where Number of slices is typically just less than TR/TE,. Flip
angles may need adjustment to obtain acceptable T1-weighted image contrast.

T2-Weighted Fast Spin Echo

For routine liver imaging, T2-weighted FSE sequences are typically performed
with suppression of fat signal to enhance lesion conspicuity. Options include
STIR imaging and frequency-selective FSE.

For inversion recovery methods, the inversion time at 3 T should be adjusted
slightly, although the change in T1 relaxation of time for fat at 3 T is modest.
Frequency-selective FSE techniques tend to be more robust at 3 T given the
greater spectral separation between fat and water.

One challenges of RARE imaging at 3 T is related to SAR limitations. Several
approaches can be used to reduce the RF deposition as discussed above.

Single-Shot Fast Spin Echo (HASTE)

Commonly used in pancreatic and biliary imaging, these sequences are also
challenged by the greater energy deposition of the repeated RF refocusing pulses
at 3 T compared with 1.5 T. Strategies described above also pertain to HASTE
sequences.

3D Gradient Echo Imaging

Volumetric imaging of the abdomen and pelvis typically uses a fat-suppressed
interpolated 3D gradient echo sequence.

For gadolinium-enhanced MRA, non-fat-suppressed interpolated 3D gradient
echo sequences are similar at 3 T compared with 1.5 T.



e Potential for parallel imaging in both phase-encoding directions resulting in
reductions in acquisition time of 4 -6 at 3 T

Sample guidelines for protocols will be provided during the lecture.

Future applications of 3T for body imaging?

e Improved SNR and spectral separation will likely lead to more robust clinical
MRS, particularly in applications such as prostate and breast cancer

e Pulse sequence designs such as VERSE and variable flip angle methods may
overcome many SAR issues.

e Novel coil designs may help increase parallel imaging factors that can be realized
at 3 T and lead to higher temporal and spatial resolution imaging.

e Some sequences may performed better at 3T such Diffusion, ASL (arterial spin
labeling) and BOLD imaging

e Gd-contrast may be more robust at 3T and other contrast agents may perform
better at 3T such as iron containing agents.

Special thanks for contributions from Vivian S. Lee, MD, PhD, Bachir Taouli, MD,

Qun Chen, PhD, Niels Oesingmann, PhD, Danny C. Kim, MD, Stephen Drew,
MD, Ruth Lim, MD, Tejas Parikh, MD.

References:

1.

2.

8.

9.

FDA. Guidance of Industry and FDA Staff: Criteria for significant risk investigation of
MR Diagnostic Devices. http:/www.fda.gov/cdrh/ode/guidance/793.html, 2003.

Lee RF, Giaquinto RO, Hardy CJ. Coupling and decoupling theory and its application
to the MRI phased array. MRM 2002; 48:203-213.

. Hennig J, Scheffler K. Easy improvement of signal-to-noise in RARE-sequences with

low refocusing flip angles. Rapid acquisition with relaxation enhancement. MRM
2000; 44:983-985.

. Hennig J, Weigel M, Scheffler K. Multiecho sequences with variable refocusing flip

angles: optimization of signal behavior using smooth transitions between pseudo
steady states (TRAPS). MRM 2003; 49:527-535.

. Hargreaves BA, Cunningham CH, Nishimura DG, Conolly SM. Variable-rate selective

excitation for rapid MRI sequences. MRM 2004; 52:590-597.

. Duewell SH, Ceckler TL, Ong K, et al. Musculoskeletal MRIl at 4 T and at 1.5 T:

comparison of relaxation times and image contrast. Radiology 1995;196:551-555.

. Duewell S, Wolff SD, Wen H, Balaban RS, Jezzard P. MR imaging contrast in human

brain tissue: assessment and optimization at 4 T. Radiology 1996; 199:780-786.
Jezzard P, Duewell S, Balaban RS. MR relaxation times in human brain: measurement
at 4 T. Radiology 1996; 199:773-779.
Wansapura JP, Holland SK, Dunn RS, Ball WS, Jr. NMR relaxation times in the
human brain at 3.0 tesla. JIMRI 1999; 9:531-538.

10. De Bazelaire CM, Duhamel GD, Rofsky NM, Alsop DC. MR imaging relaxation

times of abdominal and pelvic tissues measured in vivo at 3.0 T: preliminary
results. Radiology 2004; 230:652-659.

11. Constable RT, Gore JC. The loss of small objects in variable TE imaging:

implications for FSE, RARE, and EPI. Magn Reson Med 1992; 28:9-24.


http://www.fda.gov/cdrh/ode/guidance/793.html

	Table of Contents
	2006 Annual Meeting Program Committee
	Continuing Education
	Declaration of Speaker Financial Interests or Relationships
	================
	Monday, 8 May 2006
	Hot Topics in Clinical Practice: Neuro Imaging and Body Imaging ~ 11:00 to 13:00 ~ Room 6E
	Molecular Imaging with Cell Tracking in the CNS
	Automated Change Detection in Serial Imaging Studies of the Brain
	Cutting-Edge Imaging of the Spine
	Hot Body MRI: Beyond Anatomy Towards Tissue Function
	Hot Topics in Europe: Whole Body MRI
	Hot New MRA Techniques

	Body MR Problem Solving ~ 11:00 to 13:00 ~ Room 6C
	The Hepatitis C Patient: Early Diagnosis of Cirrhosis and HCC
	Problem Solving with Breast MR

	SMRT and ISMRM Joint Forum: Imaging of the Mother, Fetus and Newborn  ~ 14:00 to 16:00 ~ Room 6D
	Technical Aspects of Scanning the Pregnant Mother: A Technologist's Overview and Perspective ~ No Syllabus Contribution Submitted
	Fetal MR - Including the CNS
	Imaging the Neonatal Brain: Specific Pathologies - Specific Imaging Protocols
	Imaging the Pediatric Patient: Specific Pathologies - Specific Imaging Protocols

	Grant Writing: Opportunities, Needs and Strategies ~ 14:00 to 16:00 ~ Room 6C
	Grants - A Strategic Perspective from a Funding Agency Point of View: Requirements and Expectations
	Grantsmanship: The Essentials ~ No Syllabus Contribution Submitted
	Grants - An Outcome Perspective: Looking Back from a Scientific Publication to Grant Funding - Lessons to be Learned

	MR Physics for Clinicians ~ 16:30 to 18:30 ~ Room 6C
	Spin Gymnastics I
	Spin Gymnastics II ~ No Syllabus Contribution Submitted
	MRI Hardware


	================
	Tuesday, 9 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	High Field Imaging: A Technical Perspective
	High Field Body Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Body & Peripheral MRA
	Non-Contrast MRA
	Coronary MRA

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	What Can Quantitative DCE T1-Weighted MR Imaging Tell Us?
	Grading, Therapy Monitoring, and Predicting Outcome of Glioma

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	MRI Main Field Magnets
	Shim Coil Design, Limitations and Implications

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Impediments to High Field MR - A Look at B0 and B1 Field Behavior
	How to Do RF at High Fields

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Biomechanics of Femoral Acetabular Impingement
	MR Imaging of Femoral Acetabular Impingement

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Latest Advances in Arterial Spin Labeling
	Measuring Oxygen Consumption Using MRI: What Can and Cannot be Done

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Techniques for MR Imaging Near Metallic Implants
	Prospects of Absolute B1 Calibration

	Body/Cardiovascular Imaging at 3T ~ 10:30 to 12:30 ~ Room 6C
	Introduction to Body Imaging at 3T: Theoretical Advantages and Practical Challenges
	Musculoskeletal Imaging at 3T
	Abdominal and Pelvic Imaging at 3T
	Cardiovascular Imaging at 3T
	Body and Breast at 3T: Where is the Added Value Compared to 1.5T

	Neuro MR Problem Solving ~ 10:30 to 12:30 ~ Room 6D
	How To Use Parallel Imaging Techniques To Improve the Efficiency of Clinical CNS Imaging Protocols
	MR Angiography of the Carotids and Circle-of-Willis: Technical and Clinical Dilemmas

	MR Neurography for MSK Radiologists ~ 13:30 to 15:30 ~ Room 6C
	MR Neurography - Imaging Peripheral Nerves
	The Role of MRI in the Diagnosis and Treatment of Peripheral Nerve

	MR Physics for Clinicians ~ 16:00 to 18:00 ~ Room 6C
	Spin Echo 
	Gradient Echo 
	Fast Spin Echo 


	================
	Wednesday, 10 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Coils, Receivers and Parallel Imaging: A Technical Perspective
	Parallel Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRA at 3.0T
	Cardiac MRI at 3.0T
	Cardiovascular Parallel Imaging at 3.0T

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion Tensor Imaging of Traumatic Brain Injury
	Clinical Output of DTI Measurements in Multiple Sclerosis

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Array Systems
	Receivers System

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	High Resolution Imaging: Why Is It Important for T1 Weighted Imaging, MRA and SWI?
	Parallel Excitation: Making SENSE of High-Field Body MRI

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Evaluation of Cartilage Maturation
	MR Imaging of Cartilage in the Pediatric Patient

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Quantification Issues in Bolus-Tracking Perfusion MRI
	Steady-State and First-Pass Contrast Agent Methods to Evaluate CBV, Vascular Morphology and Permeability

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Cytoarchitectonic MRI: Can MRI Be Used to Quantify Neural Tissue?
	Tissue Structure through Diffusion and Transverse Relaxation Measurements
	Unresolved Issues in Diffusion and Perfusion MRI: A Consensus from the Study Group

	Cardiovascular Imaging ~ 11:00 - 13:00 ~ Room 6E
	Coronary Whole Heart MRA
	MRA at 3T
	Advances in Delayed Gadolinium MRI of Heart and Vessels ~ No Syllabus Contribution Submitted
	Peripheral MRA: Competing in the MDCT Era

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Imaging Options and Their Effects on SNR
	Ultrafast Imaging
	Field Strength Dependence in MRI-Advantages and Artifacts at 3T


	================
	Thursday, 11 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	DWI in Body Imaging
	PWI in Body Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRI of Global and Regional Myocardial Function
	MRI of Myocardial Perfusion
	MRI of Myocardial Viability

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Functional Connectivity
	Combining fMRI and DTI Applications

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Transmit Arrays Design
	RF Pulse Design for Transmit SENSE

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Advances in Spectral Editing: MRS of Neurotransmitters
	Broadband Decoupling at High Field: Challenges and Solutions

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Functional Cartilage MRI
	Overuse Injuries in Elite Athletes

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Recent Advances to Resolve Multiple Fibers Using Diffusion MRI
	Recent Advances in Fiber Tracking

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Exclusively MRI-Based Molecular Imaging: Can Magnetic Labeling of Physiologically Important Compounds via DNP or Parahydrogen-Induced Hyperpolarization Provide a Potential Supplement or Replacement of PET
	Direct Detection of Neuromodulation
	Development of Static Tracers for Myocardial Perfusion Imaging by MRI

	Stroke Imaging ~ 10:30 to 12:30 ~ Room 6C
	Neuroprotection: Biological Background and MR Implications
	The Current Status of Ongoing Clinical Trials: Beyond 3 Hours
	The Perspective of Pathophysiology - Guided Stroke Therapy
	MR Wish List for Stroke Neurologists: What Are We Missing? ~ No Syllabus Contribution Submitted

	Cardiac Problem Solving: Imaging the Coronary Arteries in 2006 - CT vs. MRCA ~ 16:30 - 18:30 ~ Room 6D
	Can CT Be Reliably Used for Plaque Characterization and Vessel Wall Imaging?
	Advanced MR Coronary Imaging at 3T: Promise or Perils?
	CT vs. MRCA: A Radiologist's Perspective
	Head-to-Head Comparison of CT and MRCA
	Assessing the Myocardium: Ischemia, Prognosis and Viability ~ No Syllabus Contribution Submitted

	Vascular Problem Solving and Case Presentation ~ 13:30 - 15:30 ~ Room 6C
	Vessels of the Neck
	Evaluation of Renal Vascular Disease
	MRA of the Run-Off's: Hands and Feet

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Diffusion MRI
	MR Angiography
	Cardiac MRI


	================
	Friday, 12 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Body MR Spectroscopy
	Fat-Water Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Arrthymogenic Conditions
	Other Cardiomyopathies

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion MRI in the Fetus and Newborn
	Measuring Brain Perfusion in the Pediatric Brain

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	ESR
	Hyperpolarized C13

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Getting BOLDer with High Field fMRI
	Static Magnetic Fields: Bioeffects, Regulation and Management

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Techniques for Stem Cell Trafficking
	Stem Cell Research Opportunities in the Musculoskeletal System

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Voxel-Based Analyses
	Techniques for Measuring Brain Deformation

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Need for a Non-Commercial Open-Source MR Simulator
	Does The Principle Of Reciprocity Hold At High Field MR?

	Therapy Assessment ~ 10:30 to 12:30 ~ Room 6E
	The Needs and Opportunities of Imaging as Bio- or Surrogate Markers - A Strategic Perspective
	Goals for Assessment of Response - A Clinical and Cooperative Trial Structure ~ No Syllabus Contribution Submitted
	Integrating MR Response Information within Trials: A Quality Assurance Perspective
	Using MR to assess Therapeutic Response - An Investigator's Perspective





