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from
the
President

The SMRI welcomes you to the 1993
Annual Meeting in San Francisco. The
11th Anniversary Meeting of the SMRI
begins with the traditional Educational
Program on Saturday, March 27 and
extends to Monday, March 29. The week-
end Educational Program provides an
excellent faculty group covering all aspects
of clinical MR, while the Monday Economic
Symposium addresses all aspects of the
quality and cost of MR scanning. Abstracts
of the Educational Program plenary talks
are included in this supplement.

The Scientific Program Committee has
organized a strong and comprehensive pro-
gram for San Francisco. Introduced by
Plenary Sessions presented by experts in the field, the 1993 Works in
Progress Program will present 30 presentations, Monday, March 29 -
Wednesday, March 31 during the Scientific Program parallel sessions
(abstracts are included in this supplement). Each year the Scientific
Program Committee is faced with the difficult task of selecting abstracts
to construct a well balanced program within the time limitations avail-
able. This, coupled with space limitations imposed on the entire Poster
Program, regrettably forced the Organizing Committee to reject many
strong submissions. Space restrictions, luckily, will not be a factor in
planning the 1994 Program.

To complement the educational and scientific programming scheduled,
the Technical Exhibits Area will provide access to the latest in MR equip-
ment and accessories. Start your review of the exhibit area with the
Technical Exhibits Opening Reception on Saturday, March 27 (5:00 PM-
7:00PM). Works in Progress poster presentations are again included in
the Scientific Program and are displayed adjacent to the Technical
Exhibits Area. Posters may be viewed daily from 8:00 AM-8:00 PM or,
more leisurely, during the daily discussion period over the luncheon
hour. In addition, you may review award winning posters during the
Poster Exhibit Reception, scheduled on Sunday, March 28, (5:00 PM-
7:00 PM). The SMRI Gala Reception will be held on Monday, March 29
(7:30 PM-10:30 PM). As usual, these receptions will provide you with an
opportunity to formally visit and share information with your colleagues.

The Journal of Magnetic Resonance Imaging, launched in 1991 by
the SMRI, has become a major force in the dissemination of information
in our field. We encourage you to submit your clinical and technical
papers to JMRI. The journal will occupy booth #902 where papers may
be submitted for consideration.

The SMRI looks forward to the most exciting and rewarding Annual
Meeting ever!

Sincerely,

Steven E Harms, MD
SMRI President
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Educational Program: Plaza Ballroom

8:00 AM - 10:00 AM
Introduction to MRI Scanning
Moderator: J P Keller, PhD

Intro to MRI: Show and Tell..........c.coocuviiiiieniciicinnnn. P L Davis, MD
How to Diagnose & Resolve

Imaging Problems
Protocol and Technique ....
FAST IMaGINgG ....oiaseonanipoessmsmnnesorseonssnssass sssssvnisinios

10:00 AM - 10:30 AM

10:30 AM - 12:00 PM
Brain Diagnostics I
Moderator: W T C Yuh, MD, MSEE

Braifl TUIIOF. ...c.ecsmcimmmmvesn i fornos b B Sl oo cinonss R N Bryan, MD
Sellar, Parasellar,

and Skull Base ., «c:c:susssssssssssssassmsess W G Bradley, Jr, MD, PhD
MR Of Stroke .........covvieeiiiiiiiiiiiiiiiiiiiiinann W T C Yuh, MD, MSEE

12:00 PM - 1:30 PM
LAMCREON 11518 et asmieme e sanrmns fanne S nn fenesnnonsosnsmnns Franciscan and
Imperial Ballrooms

1:30 PM - 3:00 PM
Brain Diagnostics II
Moderator: R B Lufkin, MD

White Matter Disease

and NHSCellaieous .. .. .cussimsssorssine snvsssanvas seasssosiss B P Drayer, MD
Congenital Brain DiSease ...........ccoveervieiiiieiiinieennnnn. W S Ball, MD
Head dnd Neck < ciocvuvasuissimssvineisiosisissssssass o R B Lufkin, MD

3:30 PM - 5:00 PM
Spine Diagnostics
Moderator: G D Sze, MD

Tumor. of the SPINe, . cuisvvsmivsnesseinesmsncanssssiversssearvd G K Sze, MD
Degenerative Disk Disease J S Ross, MD
Congenital Spine Disease........c...cccceevviineeeeennnn. A J Barkovich, MD
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SMRI '93 Eleventh Annual Meeting

Educational Program Abstracts

Saturday Morning = Plaza Ballroom
Educational Program = EPO01-EP004

Introduction to MRI Scanning
8:00 am—10:00 AM
Moderator: J P Keller, PhD

EPOO1 = 8:00 Am
Introduction to MRI: It's All Done With Magnetic
Fields
Peter L Davis, MD
Pittsburgh NMR Institute
Department of Radiology

The basic principles of electromagnetism that are used
to generate and transmit electricity are the same princi-
ples on which the physics of MRI are based. These prin-
ciples can be easily demonstrated and will be demon-
strated with models at this presentation. Only two basic
principles of electromagnetism need to be explained.
First, an electrical current produces a magnetic field.
Second, a changing magnetic field induces or generates
an electrical current in a conductor. Each of these prin-
ciples will be explained in detail and its application to
MRI demonstrated. .

A current is a set of moving charges. These charges can
be either positive or negative. In a wire it is the negative
charge associated with the electrons that move. In the
proton, which spins, it is the positive charge which is
distributed throughout the proton that is the current.
This current produces the magnetic field of the proton.
The proton’s magnetic field can be attracted or repelled
by other magnetic fields in the same way that two bar
magnets will attract or repel each other depending on
the orientation of their magnetic fields. Therefore,
magnetic fields can be used to align the proton and to
angulate it.

Since the proton acts as though it is spinning, it also
has the property of angular momentum. If an accessory
magnetic field, the radio frequency magnetic field, is
used to tilt the proton from its initial orientation with
the main magnetic field, as the main magnetic field
attempts to realign the proton, the proton will wobble or
precess like a top. As the proton precesses, its magnetic
field also precesses. This precessing magnetic field is a
changing magnetic field with respect to a conductor.
Therefore, by the second principle of electromagnetism
that a changing magnetic field induces an electrical cur-
rent in a conductor, the precessing magnetic field of the
proton will induce an electrical current in a conductor,
in this situation the radio antenna or coil of the MRI
equipment. This electrical current is the received MRI
signal.

EP002 = 8:30 am
Image Optimization in MRI
Paul J Keller, PhD
Barrow Neurological Institute
Magnetic Resonance Research

Suppose that you scanned a patient and were displeased
with the image quality, the images were grainy meaning
low SNR. You decide to repeat the scan with different
parameters to improve SNR. What do you change? The
TR could be increased to allow more recovery of longitu-
dinal magnetization between each excitation, or the TE
could be shortened to decrease the decay of transverse
magnetization. However either of these modifications
would also change the image contrast. This leads to a
comparison of apples to oranges! In order to avoid this
situation, the relationship between SNR, spatial resolu-
tion and scan time will be reviewed holding contrast
constant.

SNR may be improved independent of resolution by sig-
nal averaging (increasing the number of excitations per
phase encoding step, or NEX) — the cost here is scan
time. This is not an even trade. Doubling the scan tirne
does not double SNR, but yields an increase of only the
square root of 2 ~ 1.4. The silver lining here is that cut-
ting the scan time by a factor of 2 does not cut SNR by
2, but by root 2! This is very useful to keep in mind with
un-cooperative patients.

In general the relationship between SNR and resolution
is an even trade; one of these may always be improved at
the expense of the other. This may be best understood
through the concept of a voxel. A voxel is that volume
element in the body which corresponds to one picture
element in the image. Any parameter change which
makes voxels smaller improves resolution at the cost

of SNR. Conversely, larger voxels improve SNR but
decrease resolution. We view this as an even trade. For
example if voxel size is decreased by a factor of 2, reso-
lution increases by a factor of 2 and SNR decreases by a
factor of 2.

The dimensions of this rectangular solid that is a voxel
are: slice thickness x (FOV . # of phase encoding steps) x
(FOV . # of frequency encoding steFs). Clearly, the para-
meters at hand for changing voxel size are slice thick-
ness, FOV and matrix size. Decreasing slice thickness by
a factor 2, decreases voxel size by a factor of 2, thus
doubling the resolution and halving SNR. Decreasing the
FOV by a factor of 2 cuts voxel size by a factor of 4 (fac-
tor of 2 in each of two dimensions}, yielding 4 times the
resolution but one fourth of the SNR! Decreasing FOV
can rapidly lead to unacceptably noisy images.

SNR is proportional to the square root of all of the sam-
pled points ( # of frequency encoding points x # of phase
encoding steps x # of slices(3D only) x NEX ). With this
in mind consider what happens when the # of phase




encoding steps is doubled, but the FOV stays the same.
Voxel size is cut in half in the phase dimension, thus
doubling resolution. Considering the change in voxel
size alone, one would expect to lose a factor of two in
SNR. However, since the # of phase encoding steps is
doubled this buys back a factor of root 2 in SNR. The
net result is a loss of only root 2 in SNR.

In volumetric or 3D scanning every excitation yields sig-
nal from all of the slices, which explains why SNR is pro-
portional to the number of slices. Indeed it can be
argued that no more than one NEX should be used for
3D. Instead of doubling the NEX, double the # of slices
(same thickness) — the SNR improvement is the same,
even if the additional slices are outside the anatomy!
Another benefit of this scheme is that any slice dimen-
sion wrap around falls in slices which are not of interest.

Finally, SNR is also dependent on the receiver band-
width. The bandwidth is the range of frequencies that
will properly be detected by the receiver. Decreasing this
bandwidth by a factor of 4 doubles SNR, while voxel size
is unchanged. As you might suspect, there is no free
lunch or SNR. The pixel-to pixel frequency discrimina-
tion in the image suffers. The image miss-registration
between fat and water increases with decreased receiver
bandwidth. In fact anv uncontrolled variation in reso-
nance frequency due to inhomogeneity, metal, or gradi-
ent non-linearity gives rise to spatial miss-mapping,
which is exacerbated by decreasing the bandwidth.

EP0OO3 = 9:00 Am
Techniques and Protocols
Evan K Fram, MD

Barrow Neurological Institute, St. Joseph's Hospital

An overview of MRI imaging techniques will be present-
ed, including the following topics: image contrast, image
formation, image acquisition techniques, and presatura-
tion techniques. The interaction between intrinsic tissue
parameters and MR pulse sequence parameters deter-
mines image contrast. Important intrinsic tissue para-
meters are proton density, T1 relaxation time, T2 relax-
ation time, chemical shift, flow (movement), and
bound/unbound water content. Important pulse
sequence parameters include repetition time (TR), echo
time (TE), flip angle, and echo formation technique (spin
echo vs. gradient echo). Manipulation of pulse sequence
parameters controls the contribution of each intrinsic
tissue parameter to image contrast.

Basic features of image formation in MRI are slice selec-
tion, frequency encoding, and phase encoding. Reducing
receiver bandwidth during frequency encoding allows
significant improvement in SNR without prolonging
acquisition time. However, chemical shift artifact and
minimum echo time increase, requiring selected use of
this technique. The image acquisition technique, the
sequence in which slices are excited, affects not only
acquisition efficiency and SNR, but also affects contrast
in the presence of flow. Four commonly used acquisition
techniques will be described: single slice (sequential
slice), multislice, volume (3DFT), and MOTSA (multiple
overlapping, thin slab acquisition).

Presaturation pulses are additional rf pulses applied
immediately before the normal excitation pulse. By
selectively exciting tissues based on their location or
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intrinsic MR characteristics, presaturation pulses can
selectively suppress signal from the targeted tissues.

Spatial presaturation pulses are commonly used in two
situations. First, they can be used to suppress signal
from a region on of the body that may contribute artffact
to a region of interest. For example, spatial presatura-
tion pulses applied to the anterior soft tissues of the
abdomin, chest, or neck reduce signal and therefore
phase encoding artifact from these regions that would
otherwise project over the spine (the region of interest).
Second, spatial presaturation pulses are used in MRA to
eliminate signal within vessels based on direction of
flow. In neck MRA, for example, superiorly placed pre-
saturation pulses eliminate signal from inferiorly flowing
blood within veins without affecting superiorly flowing
blood within the carotid and vertebral arteries.

Chemical shift selective excitation pulses are used in
post-gadolinium T1 weighted images. Enhancing tissues
within fat containing regions, e.g. orbit and bone mar-
row, may become isointense with fat, making them
inconspicuous. Chemical shift selective fat suppression
can be used to suppress signal from fat, allowing easy
differentiation between high signal intensity fat and
other tissues with short T1, enhancing tissue and suba-
cute hemorrhage.

Magnetization transfer presaturation can be used to
suppress tissues with relatively large amounts of bound
water without affecting tissues with little bound water.
For example, magnetization transfer presaturation can
be used in brain MRA to improve contrast between brain
(suppressed due to bound water} and blood (unaffected’
because of little bound water) using a mechanism unre-
lated to flow.

EPO04 = 9:30 am
Fast Imaging:
Principles and Clinical Applications in the CNS*
Scott W Atlas, MD
Neuroradiology Section
Department of Radiology
Hospital of the University of Pennsylvania

*excerpted from “Fast Imaging: Principles, Techniques,
and Clinical Applications”, Wehrli, F.W., and Atlas, S.W.,
pages 1013-1078; in: Magnetic Resonance Imaging of

the Brain and Spine, S.W. Atlas, editor, Raven Press,
New York, 1991.

The archetype of scanning techniques which shorten
acquisition times is one known as gradient echo imaging,
a generic term which appropriately has come to repre-
sent an entire family of pulse sequences. The variety of
different sequences encompassed by this title generally
share two major features, which distinguish gradient
echo scanning from the more traditional counterpart of
spin echo imaging: 1) the radiofrequency (RF) excitation
pulse, or flip angle, is operator-dependent, and in fact is
generally less than the 90° pulse of the spin echo
sequence, and 2) signal is acquired by virtue of reversal
of the read-out (frequency-encoding) gradient in the
absence of the 180° refocussing RF pulse of spin echo
scanning. These two features, although quite straightfor-
ward, have profound implications with regard to image
contrast and specific image characteristics found in gra-
dient echo images. The current role of the various fast



imaging techniques using 2DFT and 3DFT gradient echo
acquisition in the clinical assessment of the brain and
spine can be divided into three general categories: 1) the
detection of vascular lesions and flow, 2) the depiction of
areas of abnormal magnetic susceptibility, and 3) the
evaluation of extramedullary spinal disease.

An alternative method of reducing scan time in any MR
sequence can be found in nontraditional approaches to
traversing k-space. One such fast imaging scheme (fast
spin echo) involves a hybrid approach to reducing acqui-
sition time; that is, combining the rf refocussing of a
CPMG sequence with the acquisition of multiple lines
(i.e. discontinuous regions) of k-space during a single
TR. This technique results in contrast characteristics
similar to those of conventional long TR spin echo
images, with the notable exception of decreased magnet-
ic susceptibility-induced hypointensity in regions of
brain iron and intracranial hemorrhage. The potential
benefits of fast spin echo imaging are clear: increased
patient throughput, reduction in patient motion prob-
lems, and potential implementation of very high resolu-
tion imaging in reasonable time frames.

Saturday Morning = Plaza Ballroom
Educational Program = EPO05-EP007

Brain Diagnostics I
10:30 AM-12:00 PM
Moderator: W T C Yuh, MD, MSEE

EPOOS = 10:30 AM
Magnetic Resonance Imaging of Brain Tumors
R Nick Bryan, MD, PhD

Johns Hopkins Hospital

Department of Neuroradiology

I. Pathologic Types of Brain Tumors
A. Primary
1. Glial Origin
a) Pathologic Grade
(1) Kernohan Classification
(a) Grade 1-Benign
(b) Grade ll-Anaplastic
(c) Grade 11l and IV-Glioblastoma
b) Cell Type
(1) Astrocytoma
(a) Pilocytic
(b) Giant Cell
(¢} Pleomorphic Xanthoastrocytoma
(2) Oligodendroglioma
(3) Ependymoma
{(4) Pinealoma
(5) Choroid Cell Papilloma
(6) Ganglioglioma
2. Meningeal
a) Meningioma
b} Hemangiopericytoma
3. Nerve Sheath Tumors
a) Cranial Nerve Neuroma
4, Vascular Tumors
a) Hemangioblastoma
5. Primitive Neuroectodermal Tumor (PNET)
a) Medulloblastoma
b) Dysgerminoma

6. Craniopharyngioma

7. Dermoid/Epidermoid

8. Primary CNS Lymphoma
B. Secondary

1. Hematogenous

2. CSF Seeding

11. Distinguishing Features of Brain Tumors
A. Age of Patient
B. Number of Lesions
C. Anatomic Location
. Intraaxial /Extraaxial
. Supratentorial /Infratentorial
Cortical/Subcortical
Intra or paraventricular
Suprasellar
. Pineal Region
. CPA
D. Imaging Features
1. Margination
2. “Fluid” Component
3. Hemorrhagic Component
4. Contrast Enhancement

NOOR W~

EP0OO6 = 11:00 AM
MR of the Sella, Parasellar Region, and Skull Base
William G Bradley, Jr, MD, PhD

Memorial Medical Center of Long Beach

Memorial Magnetic Resonance Center

Magnetic resonance imaging (MRI) is the imaging modal-
ity of choice for the evaluation of suspected pituitary
adenomas. Most functioning pituitary adenomas are
microadenomas (ie, less than 1 cm in height) and 80% of
all microadenomas are prolactinomas. The classic pro-
lactinoma appears as a laterally-positioned hypointensi-
ty which enhances less than the normal gland following
administration of Gadolinium. If the prolactin level is
“definitely” elevated (greater than 100 ng/ml) then there
is no need to administer Gadolinium as the referring
clinician will probably treat with bromocriptine anyway.
When the prolactin level is elevated over 1000 ng/ml,
cavernous sinus invasion is usually present (which can
be very difficult to determine by MR). Macroadenomas
present by mass effect on the chiasm, classically with a
bitemporal hemianopsia. Typically, such lesions have a
waist as they pass through the diaphragma sellae. If the
waist is particularly narrow, the tumor may not be
resectable through a transsphenoidal approach. The pri-
mary differential diagnoses for pituitary macroadenomas
are meningioma and aneurysm. Meningiomas tend to
narrow the carotid artery when they invade the cav-
ernous sinus while macroadenomas tend to surround it
without narrowing. While both tumors enhance with
contrast, meningiomas have a typical “dural tail”.
Aneurysms of the distal internal carotid artery or basilar
artery generally contain blood breakdown products (eg,
methemoglobin) and have a flow void. Macroadenomas
tend to obliterate the “bright spot” of the posterior lobe
(which is still seen with craniopharyngiomas, Rathke's
cleft cysts, hamartomas of the tuber cinereum, and
gliomas of the optic nerve, chiasm and hypothalamus).

At the skull base, schwannomas of the cranial nerves
are best detected with thin T1weighted images before
and after administration of Gadolinium. Acoustic neuri-
nomas generally extend into the porus acousticus while
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meningiomas tend not to. Approximately 5% of acoustic
neurinomas are associated with arachnoid cysts.
Schwannomas of the trigeminal nerve typically have a
dumbbell appearance, producing masses in the cav-
ernous sinus and in the pontine cistern. Other skull
base lesions to be considered in the differential diagno-
sis include chordomas (originating from the clivus),
chondrosarcomas, and contiguous spread of squamous
cell carcinoma or adenocystic carcinoma along the
branches of the trigeminal nerve as it passes through
the foramen rotundum or foramen ovale into the cav-
ernous sinus and Meckel's cave, respectively. Other
extraaxial masses in this area include aneurysms of the
PICAs or vertebral arteries and epidermoid tumors.

References:

Hasso AN, Hinshaw DB, Kief-Garcia ML Chapter 27 “Neoplams
of the Cranial Nerves and Skull Base” and Hasso AN, Kortman
KE, Bradley WG. Chapter 25 “Supratentorial Neoplasms” both
in Magnetic Resonance Imaging 2nd Edition, Mosby-Yearbook,
St. Louis, MO 1992.

EPOO7 = 11:30 am

MR of Stroke

Wm T C Yuh, MD, MSEE
University of Iowa Hospital and Clinic
Department of Radiology

Stroke with arterial or venous origin is a frequent work-
ing diagnosis for patients undergoing MR examinations.
Because 20% to 40% of the patients presented with
stroke-like symptoms are not caused by arterial or
venous occlusive disease, a clear understanding of the
patterns of MR findings related to the stroke and its
prognostic significance is essential to facilitate a correct
diagnosis and exclude other pathological processes.
With the introduction of the new neuroprotective and
endovascular thrombolytic procedures, early diagnosis
of stroke is paramount to minimize the morbidity and
mortality. Approximately 20% to 40% of the CT exami-
nations are negative within the first 24 hours in patients
with acute stroke. The awareness of the MR finding par-
ticularly within the first few hours is therefore essential
for the optimal management of the patient.

Specific emphasis:

1. Arterial occlusive disease
a. Early findings (<24 hour) of acute ischemia
b. Pattern of MR findings and its prognostic value
c. Correlation of MR findings with underlying
pathophysiology
2. Venous occlusive disease
a. Pattern of MR findings and its clinical significance
b. Correlation of MR findings with underlying
pathophysiology
c. Comparing MR findings of venous with arterial
occlusive disease
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Saturday Afternoon = Plaza Ballroom
Educational Program = EPO08—EPO010

Brain Diagnostics II
1:30 PM-3:00 PM
Moderator: R B Lufkin, MD

EPO0OS8 = 1:30 PM
WHITE MATTER DISEASES
Burton P Drayer, MD
Barrow Neurological Institute
Southwest Neuroimaging

The critical role that MRI plays in the diagnosis of white
matter disease is well established. The primary finding
in all of these disorders is signal hyperintensity seen
best on intermediate- and T2weighted spin-echo images.
Diagnostic specificity is achieved by understanding the
anatomic distribution and pathologic characteristics of
the white matter lesions:

(A) Demyelinating (Myelinoclastic)

*Multiple Sclerosis - Sharply defined, perpendicular,
periventricular lesions (Dawson'’s fingers); involvement of
peritemporal horn region of middle cerebellar peduncle,
corpus callosum inferior surface, arcuate fibers; discrete
posterior column and pontine lesions.

*Ischemic White MatterDisease - Multifocal or conflu-
ent, often poorly marginated deep cerebral white matter;
spares corpus callosum and arcuate fibers; poorly cir-
cumscribed basal ganglia and midpontine changes; no
posterior column or middle cerebellar peduncle involve-
ment.

*Radiation Injury - Diffuse, sheetlike changes in radia-
tion port; necrosis, enhancement, + mass effect if radia-
tion necrosis.

*ADEM- Recent viral illness, multifocal lesions (+ gray
matter).

*Disseminating Necrobzing Leukoencephalopathy
(DNL) - Severe diffuse demyelination in children receiv-
ing methotrexate and radiation therapy.

*AIDS leukoencephalopathy - Multifocal, nonenhanc-
ing patches of cerebral white matter involvement.

*Progressive multifocal leukoencephalopathy (PML) -
Large, asymmetric nonenhancing foci in setting of
immunosuppression.

*Central pontine and extrapontine myelinolysis (CPM)
- Central pontine + deep white matter, corpus callosum.

(B) Dysmyelinating (Leukodystrophy)

*Adrenoleukodystrophy- Young males, posterior domi-
nance (parieto-occipital, splenium).

eAlexander’s - Anterior cerebral white matter domi-
nance, large head.

*Sudanophilic (e g Pelizaeus-Merzbacher) - Diffuse,
severe cerebral white matter.

*Canavans - Associated atrophy with rounded ventri-
cles, large head.



sMetachromatic - Most common, aryl sulfatase A,
abnormal NCV.

e*Mitochondrial, Aminoaciduria - Nonspecific.

EPOO9 = 2:00 pM
Magnetic Resonance Imaging:
The Value of Imaging Techniques in the Differential
Diagnosis Of Congenital Brain Malformations
William S. Ball, MD

Children's Hospital and Medical Center

Department of Radiology

Improved anatomic resolution, the ability to image in
multiple projections, and contrast sensitivity based on
relaxation characteristics have made MRI the imaging
modality of choice in the evaluation of complex congeni-
tal malformations of the brain. Anatomical dissection
which in the past was performed only by anatomists and
pathologists, has now given way to in-vivo dissection
with MRI. Unraveling the embryogenesis, timing of the
event, and better understanding the effect congenital
malformations may have on clinical management are
important uses of MRI which are often overlooked. A
complete review of the vast array of congenital brain
malformations is beyond the scope of this presentation.
Where MRI can provide information on CNS malforma-
tions that effect patient management and the differentia-
tion of congenital malformations from acquired insults
will be emphasized.

For the sake of this discussion, I will refer to any malfor-
mations that arise during the process of neurulation,
ventral induction, neuronal proliferation, histogenesis,
and/or neuronal migration as being congenital in origin.
Those patterns of injury that originate in utero within the
last trimester or more commonly the direct result of an
unknown or known insult. Are they also to be considered
congenital by virtue of arising in utero, or should they be
separated from congenital malformations as encephalo-
clastic injury? Congenital anomalies may be part of a dif-
fuse syndrome or may be isolated. Some evidence sup-
ports that many isolated malformations are the result of
a single in-utero insult leading to injury during a specific
time in development. Many other malformations may be
linked to a genetic abnormality by their association with
syndromes, familial patterns of expression, or other
organ system developmental anomalies.

EPO10 = 2:30 PM
Interventional MR Imaging
RB Lufkin, MD
UCLA Medical Center
Department of RAdiological Sciences

Many of the advantages of MR that make it such a pow-
erful clincal imaging tool are also valuable during inter-
ventional procedures. The lack of ionizing radiation and
oblique and multiplanar imaging capabilities are partic-
ularly useful during invasive procedures. Perhaps the
greatest advantage of MR is the high soft-tissue contrast
resolution, which allows the early and sensitive detec-
tion of tissue changes during interventional procedures.

One of the first applications of MR imaging-guided pro-
cedures has been for fine needle aspirtion cytology.
Several approaches are also currently under evaluation
for the treatment of pathology with MR guidance.

Interstitial laser or RF may be applied to deep tissues to
deposit thermal energy in a well-defined fashion, with
minimal damage to adjacent structures. This technique
has been used for lesions in brain, gasserian ganglia,
liver, or the conductive pathway to the heart. Other
investigators have already demonstrated the possibility
in human studies of MR guided catheter placement for
intramural alcohol and chemotherapy injections.
Interventional MR imaging is clearly in the early stages
of development. While the value of MR-guided aspiration
cytology and MR evaluation of deep cerebral electrode
implantation has already been confirmed with human
clinical studies, the ultimate future role for MR-guided
interstitial therapy remains to be defined.

Saturday Afternoon * Plaza Ballroom
Educational program = EPO11-EPO13

Spine Diagnostics
3:30 PM-5:00 PM
Moderator: G K Sze, MD

EPO11 = 3:30 PM
Magnetic Resonance Imaging in the Evaluation of
Spinal Tumeors
Gordon K Sze, MD
Yale University
Department of Radiology

Extradural Tumors

Unenhanced MR scans are generally superb at delineat-
ing extradural tumors, whether primary or secondary.
Short TR spin echo sequences are generally adequate for
the detection and delineation of lesions. Long TR spin
echo, STIR sequences, or gradient echo sequences can
help for further evaluation. Fast spin echo sequences
initially appear problematic since marrow often appears
to remain of high signal. When both spin density and
T2-weighted images are examined, however, few lesions
are missed.

MR can also be useful in patients with compression frac-
tures of the vertebral bodies in order to differentiate
between benign osteoporotic collapse and neoplastic
replacement as the cause. In acute cases, an even band
of normal high signal marrow with smooth margins may
remain adjacent to a band of lower signal within the sin-
gle vertebral body. This appearance is suggestive of a
non-neoplastic deformity.

When gadolinium is given for spinal lesions, enhance-
ment is variable, with some lesions enhancing to isoin-
tensity. Nevertheless, contrast can still be useful as an
adjunct in 1. characterizing possible epidural tumor, 2.
indicating regions of more active tumor for biopsy, 3.
outlining areas of cord compression, 4. differentiating
disk from tumor. It does not appear to always be accu-
rate in distinguishing diffuse marrow involvement with
tumor from marrow that is hypointense for other rea-
sons.

Intradural Extramedullary Tumors

Contrast enhanced MR imaging has become the proce-
dure of choice in all suspected intradural extramedullary
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tumors. Primary tumors are usually easily identified.
Secondary tumors may not be easily visible without con-
trast. Results appear to be comparable to myelography
and post myelography CT. We have seen cases in which
the myelogram and post myelographic CT suggested
lesions, generally subtle, which the gadolinium
enhanced MR scans did not detect; alternatively, we
have also seen cases in which the myelogram and post
myelographic CT appeared normal but in which the
gadolinium enhanced MR scans proved the diagnosis,
most often in cases in which fine tumor coated the cord
Or nerve roots.

Intramedullary Tumors

Gadolinium enhanced MR imaging has become the pro-
cedure of choice for suspected cord tumors. Short TR
and long TR spin echo sequences in the sagittal plane
have become standard, as have short TR images in the
axial or coronal planes. Fast spin echo sequences can
replace long TR spin echo sequences. Unlike in the
brain, the majority of cord tumors appear to enhance.
Therefore, absence of enhancement is suggestive,
although not conclusive, of another etiology.

EPO12 = 4:00 pm

Degenerative Disk Diseas

Jeffrey S Ross, MD :
Cleveland Clinic Foundation
Department of Radiology

In a prospective, blinded study in 1986, Modic compared
surface-coil MR, CT, and myelography in the evaluation
of disk herniation and stenosis. There was an 82.6%
agreement between MR and surgical findings for the
type and location of the disease. This study also showed
an 83% agreement between CT and surgical findings
and a 71.8% agreement between myelography and
surgery. Canal stenosis, ligamentous hypertrophy, and
facet disease were all demonstrated with MRI, with good
correlation of the canal size seen by MRI with CT.
Similar good correlations have been demonstrated for
MR in cervical disk disease.

The abnormal disk may be divided into annular bulge or
herniation. An annular bulge is the result of degenera-
tion with a grossly intact annulus, recognized as a gen-
eral extension of the disk margin beyond the margin of
the vertebral end plate. This concept of an annular bulge
having an intact annulus has been challenged by Yu et
al. They found that large disk bulges were invariably
associated with annular tears. This group also defined
annular tears into three types: a concentric, fluid-filled
space between the annular lamellae; radial tears charac-
terized by rupture of all annular layers; and transverse
tears which involve rupture of Sharpey’s fibers. Trans-
verse and radial tears were visible on MRI as increased
signal intensity on T2-weighted images. Annular tears
have been noted to enhance on T1-weighted images fol-
lowing the administration of Gd-DTPA, presumably sec-
ondary to the ingrowth of scar tissue into the tear as a
consequence of the body’s attempt at healing. The rea-
son that annular tears are important is the controversial
concept of “diskogenic pain”, and its implications con-
cerning the usefulness of discography for its diagnosis.
Back pain is thought to occur in some patients without
morphologic abnormalities such as herniation or steno-
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sis. This is thought to occur when there is leakage of
nuclear material through an annular tear into the
epidural space or due to irritation of the nerves associat-
ed with scar tissue within the annular tear. This is of
considerable interest, since discography has been used
as a tool for reproducing the patient’s diskogenic pain,
and diskectomy has been used to treat the condition.

A protruded disk is herniation of nucleus pulposis
through a defect in the annulus fibrosus, producing a
focal extension of the disk margin. Some portion of the
outer annular fibers remain intact, producing a line of
decreased signal intensity outlining the herniated mater-
ial {(especially on T2 weighted images). A disk extrusion
is nuclear material herniating through a defect in the
annulus into the anterior epidural space, which is no
longer bounded by the annulus. However, in contradis-
tinction to a free fragment, it remains attached to the
parent disk space via a pedicle of nuclear material. A
free fragment or sequestered disk is defined as a hernia-
tion through a full thickness defect in the annulus,
which is no longer attached to the parent disk space.
Free fragments may lie anterior or posterior to the poste-
rior longitudinal ligament or, rarely, intradural. Both
extruded disks and free fragments may show increased
signal intensity on T2-weighted images. Recognition of a
free fragment has definite clinical implications because
they can produce misleading clinical signs; they are a
contraindication to chymopapain injection or percuta-
neous diskectomy; and they may require a more exten-
sive surgical procedure if there is migration away from
the disk space of origin. Schellinger analysed the MR
appearance of 47 patients with free fragments or extrud-
ed disks. Disk fragments migrated with approximately
equal frequency in the superior and inferior directions.
Interestingly, the migrating fragments were dislodged
either to the right or left of midline in 94%. This localiza-
tion appears to be secondary to a sagittally oriented
midline septum in the anterior epidural space.

EPO13 = 4:30 rm
MR of Congenital Spine Disease
A James Barkovich, MD
University of California, San Francisco
Department of Radiology

Anomalies of the spine can be best understood by
understanding the embryology of the spine and analyz-
ing the timing of the injuries that result in the anom-
alies. Formation of the spinal cord can be divided into
four main stages: (1) Formation of the notochord
between the developing ectoderm and endoderm; (2)
Induction of the neural plate; (3) Closure of the neural
plate into a neural tube (“neurulation”) and disjunction
of the neural plate from adjacent cutaneous ectoderm:;
and (4) Formation of the caudal spinal cord from the
caudal cell mass and degeneration of the caudalmost
segments of spinal cord into the filum terminale.

Anomalies of the spine can likewise be divided into four
major groups depending upon which of the four major
steps goes awry. The MR characteristics of the following
groups of anomalies will be discussed.

(1) SPLIT CORD MALFORMATIONS

Split cord malformations are believed to result from
splitting of the notochord around abnormal adhesions



between endoderm and ectoderm. Included in this group
are diastematomyelia, neural enteric fistulae, and
neurenteric cysts.

(2) MALFORMATIONS SECONDARY TO PREMATURE
DISJUNCTION OF NEUROECTODERM FROM CUTA-
NEOUS ECTODERM

When neuroectoderm separates prematurely from cuta-
neous ectoderm, the mesenchyme surrounding the neu-
roectoderm gains access to the primitive ependyma lin-
ing the central canal of the developing cord. For
unknown reasons, the mesenchyme then differentiates
into fat. Thus, spinal lipomas, lipomyeloceles, and
lipomyelomeinigoceles are formed.

(3) MALFORMATIONS RESULTING FROM NONDIS-
JUNCTION OF NEUROECTODERM FROM CUTA-
NEOUS ECTODERM

Nondisjunction of cutaneous ectoderm from neuroecto-
derm results in continuity of skin with neural struc-
tures. Included in this group are myelomeningoceles,
myeloceles, and dermal sinuses.

(4) MALFORMATIONS RESULTING FROM ABNORMAL
TRANSFORMATION OF THE CAUDAL CELL MASS

In some patients, the caudalmost portion of the spinal
cord, that formed from the caudal cell mass, evolves
abnormally. The tethered cord syndrome and lum-
bosacral agenesis are the most common anomalies in
this group.
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Vascular Imaging
8:00 AM-8:30 AM
Moderator: A N Hasso

EPO14 = 8:00 AM
Vascular Imaging of the Central Nervous System
Anton N Hasso, MD, FACR

Loma Linda University Medical Center

Department of Radiological Sciences

Extracranial Circulation:

MR angiography (MRA) has been shown to be a useful
tool in evaluating patients with cerebral ischemia and
stroke. The technique is applicable for demonstrating
occlusive diseases in the cervicocranial, intracranial
carotid, and vertebrobasilar circulations. Our experience,
and that of others, has shown that arterial stenosis can
be consistently demonstrated. The extracranial carotid
vessels are ideally imaged in the axial projection which
maximizes the time-of-flight effects. The 3-D data set can
then be viewed in any plane, in addition to the axial
plane of acquisition. MRA examinations can be used to
demonstrate the whole length of the internal carotid
artery from its origin in the neck to its intracranial bifur-
cation. Two or three stacked axial acquisitions may be
necessary for complete evaluation of the carotid artery.

Intracranial Vessels:

The intracranial vessels and their major branches can
be depicted by a variety of techniques. Generally, an
axial acquisition through the circle of Willis shows the
intracranial circulation optimally. Additional coronal
and sagittal slabs may be needed to fully define the
anterior and posterior cranial circulations. MRA has a
role in the evaluation of a variety of intracranial occlu-
sive vascular diseases. Stenoses or occlusions of the
intracranial arteries may be identifled, provided the ves-
sels are of sufficient caliber.

Depiction of Vascular Lesions:

Time-of-flight MRA can define the circle of Willis suffi-
ciently to allow detection of intracranial aneurysms as
small as 3-4 mm in diameter. Aneurysms with slow flow
or giant aneurysms that are partially thrombosed are
difficult to detect on the projection images alone. A
review of the conventional spin echo images and a care-
ful review of the individual partitions may help in the
correct diagnosis. The injection of gadolinium will help
to detect the slow flow through a giant aneurysm.

MRI has proven to be a good means for detecting and char-
acterizing intracranial arteriovenous malformations

(AVMs). MRA techniques can delineate the nidus and major
feeding vessels of AVMs without invasive angiography.

Depiction of venous angiomas may be accomplished by
MRA. On time-of-flight studies, gadolinium has to be
injected in order to see the slowly flowing veins extend-
ing through the central cerebral and cerebellar white
matter. In one study, 13 of 14 venous angiomas were
detected on detailed thin slab acquisitions.

Depiction of Neoplasms:

The depiction of extra- and intracranial neoplasms is
improved by various angiographic techniques. Con-
ventional angiograms are utilized to localize lesions and
to detect their point of origin. For example, extraaxial
tumors will have a different blood supply from intraaxial
parenchymal or intraventricular tumors. MRA can play a
similar role in the differential diagnosis of cranial neo-
plasms. The vascular pedicle or point of attachment of a
neoplasm is greatly aided by projection images following
gadolinium enhancement. Gadolinium enhanced MRA
improves lesion conspicuity and is able to determine the
relationship of neoplasms to the surrounding vessels.

Displacement of vessels is another use of MRA in tumor
evaluation. Lesions of the skull base may displace ves-
sels, without invasion. The direction of displacement can
aid in the proper surgical approach and in anticipating
the structures as they are surgically identified. If a neo-
plasm is invading a vascular structure, this can also be
clearly depicted on MRA. Such invasion may involve an
arterial structure or may involve the dural sinuses. For
example, a cavernous sinus meningioma can encase the
fixed cavernous portion of the internal carotid artery.
Tentorial and convexity meningiomas may cause con-
striction of the dural sinuses or torcula depending on
their size and point of origin.

EPO15 = 8:15 am
Vascular Imaging in the Body
J Paul Finn, MD
New England Deaconess Hospital
Department of Radiology

Initially applied to the head and neck, MR angiographic
techniques have progressed rapidly, such that all major
blood vessels are now accessible to study. 2-D and 3D
time-of-flight and phase-contrast methods have been
successfully applied to a wide range of diseases in arter-
ies and veins, and well-defined clinical indications for
MR angiography are beginning to emerge.

In the abdomen, accurate assessment of disease involv-
ing the portal and systemic veins is possible, and blood
flow can be characterized and quantified. The veins of
the thorax, pelvis and extremities can be evaluated to a
level occasionally surpassing catheter venography. Much
progress has been made in arteriographic techniques for
the abdomen, thorax and extremities, but the more chal-
lenging patterns of blood flow and vascular anatomy in
these vessels impose demands on hardware and spatial
resolution which as yet are not always met. Several
promising techniques have recently been proposed
which go a long was towards resolving many of these
limitations, but much work remains to be done.

In this session, techniques for vascular imaging in the
body will be discussed as well as potential pitfalls and
artifacts, and how to recognise and avoid them.
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Sunday Morning » Plaza Ballroom
Educational Program = EPO16-EP0O18

Body MRI Diagnostics I
8:30 AM-10:00 AM
Moderator: P J Fritzsche, MD

EPO16 = 8:30 AM
Protocol and Technique for MRI of the Body
David D Stark
University of Massachusetts Medical Center
Department of Radiology

The advent of MRI solved the two great limitations of CT
for imaging the CNS and the musculoskeletal system,
namely: X-ray beam hardening and poor soft tissue con-
trast. Furthermore, MRI is inherently well suited for
imaging small superficial objects that do not move.

On the other hand, the diagnosis of abdominal (including
pelvic) disease presents great challenges to any imaging
modality. This large anatomic region is often appears to
be symptomatic in diseases actually originating within
the thorax, spine, or even the lower extremities.

Abdominal imaging must cover a large anatomic region,
including eight (8) separate physiological organ systems
and at least eleven (11) individual organs. Anatomic
proximity and access via the peritoneal cavity commonly
causes secondary involvement of neighboring organs.

MRI of the abdomen in particular and the body as a
whole is complicated by various asynchronous physio-
logical motions. The intestine may mask or mimic mass
lesions, requiring use of contrast media to label the nor-
mal bowel lumen. Ultrasound can use peristaltic motion
or administered water as a bowel marker; iodine, bari-
um, or fat are routinely used to enhance CT. Many
analagous strategies have had limited success with MRI.

Protocols for body MRI must carefully balance the need
for anatomic coverage (FOV and slice number) against
acquisition time and patient motion. The multiplicity of
organs, tissues, and potential diseases having different
MR tissue characteristics renders any single pulse
sequence inadequate. Unfortunately, within the practical
constraint of a one hour examination, a single set of
techniques cannot be defined to optimally image the
entire abdomen. However, given clinical information or a
specific diagnostic question, efficient and powerful imag-
ing protocols exist and are continually improving.

This lecture will discuss protocol concepts and illustrate
how specific techniques may be implemented on
machines varying in field strength and other hardware
capabilities.

EPO17 = 9:00 am

Michael E Bernardino, MD
Emory University Hospital
Department of Radiology

The liver can be evaluated with magnetic resonance for
both focal and diffuse disease. In this course we will deal
briefly with proper scanning technique. This usually
means at least one T1 and T2 sequence. The use of con-
trast will be addressed. Primarily, at present, this is
intravenous gadolinium. Other MR hepatic specific MR
contrast agents will be addressed.
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Detection of a lesion is important, however, tissue speci-
ficity may be more important. MR has the ability to be
specific with certain tumors. Examples of distinguishing
characteristics for hemangiomas, focal nodular hyper-
plasia and some hepatomas will be demonstrated.
Examples of overlap of the MR images with other lesions
will be discussed.

Diffuse liver disease is another important area for MR
evaluation. The use of MR fat suppressed techniques in
MR for distinguishing focal fatty infiltration from neo-
plasms will be shown. Pitfalls of these techniques such
as field inhomogenity will be discussed.

Another area of MR use in diffuse liver disease is the
patient with hemocromatosis. Iron is a potent T2 relaxer.
Thus the livers of such patients are usually black. This
may be helpful in detecting a hepatocellular carcinoma.
The disease acts as its own contrast agent. Also, follow-
ing T2 values in patients with hemocromatosis corre-
lates extremely well with the amount of iron in the liver
and may obviate the need for repetitive biopsies patients
on either phlebotomy or penicillamine therapy. In order
to obtain accurate data, short TR/TE sequences which
have less noise should be used.

EPO18 = 9:30 am
Kidney, Adrenal and Retroperitoneum
Peggy J Fritzsche, MD, FACR

Riverside MRI Center

Magnetic resonance (MR) imaging is assuming an
increasingly valuable role in the retroperitoneum
because of developments in MR technology. Well known
advantages of MRI; include, direct multiplanar visualiza-
tion of structures, determination of tumor origin and
local exténsion, evaluation of vascular integrity, charac-
terization of lesions, and evaluation of patients with a
contra-indication to iodinated contrast material. Motion
suppression techniques, flow compensation, presatura-
tion pulses and fast imaging now contribute to diagnos-
tic detail not previously possible.

Since the abdominal aorta and its major branches are
well defined by MR, false channels within aortic dissec-
tions can be separated from the flowing channel without
administration of contrast material. The use of pre-satu-
ration pulses improve evaluation of thrombus vs slow
flowing blood. Lymph nodes are readily separated from
vascular structures because of the difference in signal.
Non-malignant retroperitoneal fibrosis remains low in
signal intensity on both Tl and T2-weighted images while
malignant retroperitoneal fibrosis signal intensity is less
predictable.

The MRI appearance of adrenal masses remains a
challenge. Myelolipomas, simple cysts and hyperfunc-
tioning medullary tumors have specific MR characteris-
tics. The ability for MR imaging to differentiate non-
hyperfunctioning adenomas from malignant tumor using
the tumor/liver and tumor/fat signal intensity ratio has
been shown to be imperfect with 20-30% of these adren-
al lesions remaining indeterminate. Intravenous gadolin-
ium perfusion of the adrenal mass has decreased this
percentage to 9%.

The use of MR imaging in the diagnosis of renal masses
has improved with the use of motion suppression tech-
niques, TR/long TE sequences and the use of gadolinium






