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Letter
from the
1993
SMRI
President

Dear Colleague:

The Society of Magnetic Resonance invites you to its First Meeting!
This meeting, to be held in Dallas March 5-9, 1994, was organized
through the program committees of the Society for Magnetic
Resonance Imaging prior to its merger with the Society of Magnetic
Resonance in Medicine on January 1, 1994. In my capacity as
1993 SMRI President and 1994 SMR President, I invite you to join
us in Dallas.

This First SMR Meeting will contain several major programs,
beginning with the Educational Program on Saturday and Sunday,
March 5 and 6. The Economics Symposium, a component of the
Educational Program, will be on Monday, March 7.

The Scientific Program, consisting of plenary and proffered paper
sessions, will run Sunday through Wednesday. The centerpiece of
the Scientific Program will be the Topical Conference on Sunday,
March 6 concerning “MRI in a Quality and Cost-Conscious
Environment”.

Additionally, the Morning Tutorial Program this year will be
expanded to three sessions per day, and will be held Monday,
Tuesday, and Wednesday mornings from 6:45 AM - 7:45 AM . Also,
the Scientific Poster Exhibition, a showcase of recent scientific
developments, is available throughout the meeting.

Another essential part of the 1994 SMR Dallas program is the
Works-in-Progress program. These works comprise late breaking
developments in the techniques and applications of magnetic
resonance. Due to the timely nature of the work contained in these
abstracts, the Program Committee felt it important for this material
to be presented at the meeting. I encourage you to read the
abstracts contained in this Program Supplement and to attend

the presentations for those abstracts which you find interesting.

This First SMR Meeting will also provide ample opportunity to meet
and confer with your colleagues on an informal basis. Special
events include the Technical Exhibits Reception (Saturday, 5:00 PM
- 7:00 PM), the Poster Reception (Sunday, 5:30 PM - 7:30 PM) and
the Gala Reception (Monday, 7:30 PM - 10:30 PM). Please plan to
attend these special social events.

The SMR has two official journals, the Journal of Magnetic
Resonance Imaging (JMRI) and Magnetic Resonance in Medicine
(MRM). Both are proven resources for current developments in the
field of magnetic resonance as applied to medicine and biology.
You are strongly encouraged to submit manuscripts based on your
work to either of these journals.

The SMR is excited about its First Meeting as a merged Society and
cordially invites you to participate. We look forward to seeing
you in Dallas!

Sincerely,

M 9., M-—
Stephen J. Riederer, PhD

SMRI President, 1993
SMR President, 1994
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Proffered Papers

The 1994 Works in Progress Program will present 94 pre-
sentations, Sunday, March 6 - Wednesday, March 9 during
the Scientific Program parallel sessions. To plan your itiner-
ary, refer to the following pages for a complete listing of the
sessions. Abstracts may be found following the schedules.

Please note: Works in Progress presentations may be pre-
sented at the end of a scientific session. Otherwise, an
entire session has been devoted to Works in Progress pre-
sentations. These presentations have been highlighted on
the following pages.

Seating for the scientific sessions is on a space-available
basis. You are invited and encouraged to move from one
meeting room to another during a time block to hear differ-
ent presentations. Please, however, be sensitive to the pre-
senter and the other attendees while implementing your
Works in Progress itinerary




1994 SMR Proffered Papers

SUN PM
3/6
Monet Room Metropolitan Room Miro Room Morrocco Room Sapphire Room  Topaz Room
Papers 001-010 Papers 011-019 Papers 021-029 Papers 031-039 Papers 041-049 Papers 051-060
RAPID IMAGING INTERVENTIONAL BRAIN I (GENERAL) UPPER ABDOMENI FLOW QUANTITA- CONTRAST
MR (HEPATIC, FAST) TION AGENTS/ OTHER
NUCLEI
Moderators: Moderators: Moderators: Moderators: Moderators: Moderators:
S Patz, MD R Kikinis, MD R B Dietrich, MD J P Mugler I, PhD R B Buxton, PhD T Ceckler, MD
J Pauly, PhD R B Lufkin, MD J S Ross, MD P T Weatherall, MD D Saloner, PhD PA Rinck, PhD
001 3:45 PM 011 3:45 PM 021 3:45 PM 031 3:45 PM 041 3:45PM 051 3:45 PM
002 3:57 PM 012 3:57 PM 022 3:57 PM 032 3:57 PM 042 3:57 PM 052 3:55 PM
003 4:09 PM 013 4:09 PM 023 4:09 PM 033 4:09 PM 043 4:09 PM 053 4:05 PM
004 4:21 PM 014 4:21 PM 024 4:21 PM 034 4:21 PM 044 4:21 PM 054 4:15 PM
005 4:33 PM 015 4:33 PM 025 4:33 PM 035 4:33 PM 045 4:33 PM 055 4:25 PM
006 4:45 PM 016 4:45 PM 026 4:45 PM 036 4:45 PM 046 4:45 PM 056 4:35 PM
007 4:57 PM 017 4:57 PM 027 4:57 PM 037 4:57 PM 047 4:57 PM 057 4:45 PM
008 5:09 PM 018 5:09 PM 028 5:00 PM 038 5:09 PM 048 5:09 PM 058 4:55 PM
0()9 21 PM 019 5:19 PM . 029 B:19PM 039 5:19 PM 049 5:19 PM 059 5:05 PM
010 B:31PM . ; 060 5:15 PM
1994 SMR Proffered Papers
MON PM
3/7
Monet Room Metropolitan Miro Room Morrocco Room Sapphire Room Topaz Room
Papers 101-109 Room Papers 121-128 Papers 131-139 Papers 141-149 Papers 151-159
CONTRAST Papers 111-119 PELVIS (FEMALE) CARDIAC SPECTROSCOPY1 IMAGING
AGENTS I BRAIN II (RAPID (TECHNIQUES) TECHNIQUES I
IMAGING)
Moderators: Moderators: Moderators: Moderators: Moderators: Moderators:
R L Nunnally, PhD R L De La Paz,MD J J Brown, MD B Chen, MD H C Charles, MD C R Crawford,
D D Stark, MD F J Laine, MD R C Smith, MD E R McVeigh, MD P A Narayana, PhD  PhD
J Listerud, MD,
101 3:45 PM 111 3:45 PM 121 3:45 PM 131 3:45 PM 141 3:45 PM
102 3:57 PM 112 3:57 PM 122 3:57 PM 132 3:57 PM 142 3:57 PM 151 3:45 PM
103 4:09 PM 113 4:09 PM 123 4:09 PM 133 4:09 PM 143 4:09 PM 152 3:57 PM
104 4:21 PM 114 4:21 PM 124 4:21 PM 134 4:21 PM 144 4:21 PM 153 4:09 PM
105 4:33 PM 115 4:33 PM 125 4:33 PM 135 4:33 PM 145 4:33 PM 154 4:21 PM
106 4:45 PM 116 4:45 PM 126 4:45 PM 136 4:45 PM 146 4:45 PM 155 4:33 PM
107 4:57 PM 117 4:57PM 127 4:57PM 137 4:57PM 147 4:57 PM 156 - 4:45 PM
108 5:09PM 118 B:07PM 128 5:07PM 138 5:09PM 148 B5:.09PM 157 4:57PM
100 B:loPM 119 S17PM 139 5:19 PM 149 5:19 PM 158 5:07 PM
159 5:17 PM
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1994 SMR Proffered Papers

TUE AM
3/8
Monet Room Metropolitan Miro Room Morrocco Room Sapphire Room Topaz Room
Papers 201-208 Room Papers 221-230 Papers 231-239 Papers 241-249 Papers 251-260
MAMMOGRAPHY Papers 211-218 IMAGE QUALITY SPECTROSCOPYII UPPER ABDOMEN VASCULAR IMAG-
(SILICONE) FUNCTIONAL (MOTION & ARTI- (BRAIN) II (HEPATIC, CON- ING
IMAGING FACTS) TRAST)
Moderators: Moderators: Moderators: Moderators: Moderators: Moderators:
P J Fritzsche, MD  j A Helpern, PhD J A Sorenson, PhD F Arias-Mendoza, P L Choyke, MD M Bernstein, PhD
T A Spraggins, PhD B R Rosen, MD ML Wood, PhD MD, PhD R J Herfkens, MD D N Firmin, PhD
IR Young, PhD
201 10:30 AM 211 10:30 AM 221 10:30 AM 231 10:30 AM 241 10:30 AM 251 10:30 AM
202 10:42 AM 212 10:42 AM 222 10:42 AM 232 10:42 AM 242 10:42 AM 252 10:42 AM
203 10:54 AM 213 10:54 AM 223 10:54 AM 233 10:54 AM 243 10:54 AM 253 10:54 AM
204 11:06 AM 214 11:06 AM 224 11:06 AM 234 11:06 AM 244 11:06 AM 254 11:06 AM
205 11:18 AM 215 11:18 AM 225 11:18 AM 235 11:18 AM 245 11:18 AM 255 11:18 AM
206 11:30 AM 216 11:30 AM 226 11:30 AM 236 11:30 AM 246 11:30 AM 256 11:30 AM
207 11:42 AM 217 11:42 AM 227 11:42 AM 237 11:42 AM 247 11:42 AM 257 11:42 AM
208 11:541\“ 218 11;52 AM 228 11:54 AM 238 11:54 AM 248 11:54 AM 258 11:54 AM
229 12:06 PM 239 12:04PM 249 12:04PM 259 12:06 PM
230 12:16 PM 260 12:16 PM
TUE PN
3/8
Monet Room Metropolitan Miro Room Morrocco Room Sapphire Room Topaz Room Chantilly West
Papers 301-309 Room Papers 321-330 Papers 331-338 Papers 341-349 Papers 351-359 Papers 361-369
PERFUSION Papers 311-318 MUSCULOSKELE- ABDOMEN AND HEAD AND SPINE VASCULAR IMAG-
AND FUNCTION- CONTRAST TAL I (JOINTS) MALE PELVIS NECK ING/PULSE
AL IMAGING AGENTS I1 SEQUENCES
Moderators: Moderators: Moderators: Moderators: Moderators: Moderators: Moderators:
T J Brady, MD G D Fullerton, J V Crues Il, MD D G Mitchell, MD A N Hasso, MD M Rothmann, MD G H Glover, PhD
W T Dixon, MD PhD E C Unger, MD A Yang, MD KL Nelson, MD B D Flannigan- M 8 Silver, PhD
S W Young, MD Sprague, MD Zr |
301 3:45 PM 311 3:45 PM 321 3:45 PM 331 3:45 PM 341 3:45 PM 351 3:45 PM 361 3:45 PM
302 3:57 PM 312 3:57 PM 322 3:57 PM 332 3:57 PM 342 3:57 PM 352 3:57 PM 362 3:55 PM
303 4:09 PM 313 4:09 PM 323 4:09 PM 333 4:09 PM 343 4:09 PM 353 4:09 PM 363 4:05 PM
304 4:21 PM 314 4:21 PM 324 4:21 PM 334 4:21 PM 344 4:21 PM 354 4:21 PM 364 4:15PM
305 4:33 PM 315 4:33 PM 325 4:33 PM 335 4:33 PM 345 4:33 PM 355 4:33 PM 365 4:25 PM
306 4:45 PM 316 4:45 PM 326 4:45 PM 336 4:45 PM 346 4:45 PM 356 4:45 PM 366 4:35 PM
307 4:57 PM 317 4:57 PM 327 4:57 PM 337 4:57 PM 347 4:57 PM 357 4:57PM 367 4:45PM
308 5:07PM 318 5:09PM 328 5:09PM 338 5:09PM 348 5:09PM 358 5:09PM 368 4:55PM
309 5:17 PM ' 329 5:19 PM 349 B:19PM 359 5:21PM 369 B5:05PM
330 5:20PM
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1994 SMR Proffered Papers

WED AM
3/9
Monet Room Metropolitan Room Miro Room Morrocco Room Sapphire Room Topaz Room
Papers 401-409 Papers 411-419 Papers 421-429 Papers 431-439 Papers 441-448 Papers 451-460
CARDIAC II (CORO- MR ANGIOGRAPHY MUSCULOSKELE- IMAGING TECH- IMAGE PROCESS- FLOW QUANTITATION
NARY IMAGING) I (NEURO) TAL I NIQUES I ING .
Moderators: Moderators: Moderators: Moderators: Moderators: Moderat'ors:' :
D Li, MS C Dumoulin, PhD J B Kneeland, MD K Butts, PhD J R MacFall, MD M H Buonocore, MD
J D Pearlman, MD, K R Maravilla, MD S Marjumdar, PhD E M Haacke, PhD S Napel, PhD J Huston, MD
PhD =
401 10:30 AM 411 10:30 AM 421 10:30 AM 431 10:30 AM 441 10:30 AM 451 10:30 AM _
402 10:42 AM 412 10:42 AM 422 10:42 AM 432 10:42 AM 442 10:42 AM 452 10:40 AM
403 10:54 AM 413 10:54 AM 423 10:54 AM 433 10:54 AM 443 10:54 AM 453 10:50 AM
404 11:06 AM 414 11:06 AM 424 11:06 AM 434 11:06 AM 444 11:06 AM 454 11:00 AM
405 11:18 AM 415 11:18 AM 425 11:18 AM 435 11:18 AM 445 11:18 AM 455 11:10 AM
406 11:30 AM 416 11:30 AM 426 11:30 AM 436 11:30 AM 446 11:30 AM 456 11:20 AM
407 11:42 AM 417 11:42 AM 427 11:42 AM 437 11:42 AM 447 11:42 AM 457 11:30 AM
408 11:54AM 418 11:54AM 428 11:54AM 438 1L:54AM 448 1L:54AM 458 11:40AM
109 12:0 419 12:04PM 420 12:04PM 439 12:04PM 459 11:50 AM
460 12:00 PM
WED PM
3/9
Monet Room Metropolitan Miro Room Morrocco Room Sapphire Room Topaz Room
Papers 501-508 Room Papers 521-529 Papers 531-539 Papers 541-550 Papers 551-559
MAMMOGRAPHY I Papers 511-519 MR ANGIOGRA- SPECTROSCOPY DIFFUSION OTHER (INSTRU-
(CONTRAST) BRAIN III (CSF PHY I m MENTATION, SAFE-
FLOW, OTHER) TY, RELAXOMETRY)
Moderators: Moderators: Moderators: Moderators: Moderators: Moderators:
S E Harms, MD W G Bradley, Jr., J E Siebert, MD D N Levin, MD J A Helpern, PhD  E Kanal, MD
C L Partain, MD, MD, PhD S Wann, MD M D Osbakken, R R Price, PhD S R Thomas, PhD
PhD V M Runge, MD PhD
501 2:45PM 511 2:45PM 521 2:45 PM 531 2:45 PM 541 2:45 PM 551 2:45 PM
502 2:57 PM 512 2:57 PM 522 2:57 PM 532 2:57 PM 542 2:57 PM 552 2:57 PM
503 3:09 PM 513 3:09 PM 523 3:09 PM 533 3:09 PM 543 3:09 PM 553 3:09 PM
504 3:21 PM 514 3:21 PM 524 3:21 PM 534 3:21 PM 544 3:21 PM 554 3:21 PM
505 3:33 PM 515 3:33 PM 525 3:33 PM 535 3:33 PM 545 3:33 PM 555 3:33 PM
506 3:45 PM 516 3:45 PM 526 3:45 PM 536 3:45 PM 546 3:45 PM 556 3:45 PM
507 8:57 PM 517 3 527 8:57 PM 537 3:57 PM 547 3:57 PM 557 3:57 PM
8 4:090PM 538 4:09PM 548 4:09 PM 558 4:09 PM
| 520 410PM 530 4:19PM 540 4:19PM 550 4:21PM

550 4:20PM
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SMR ,94 Works in Progress

Proffered Paper Abstracts

Sunday Afternoon * Monet Room
Papers 009-010

RAPID IMAGING
MODERATORS: S Patz, MD
J Pauly, PhD

009 « 5:21 Pm
Optimized Dynamic Scanning Protocol for
Tracking Instant Center of Rotation Motions in
the Shoulder
DT Hung, CP Ho, R Bell, MS Kreidler, EA Ryan

Resonex, Inc, Fremont, CA

Purpose: With static MRI scans, subtle shoulder instabilities
are difficult to detect. We have built a set of tools for detecting
shoulder instabilities with dynamic MR scanning. Transla-
tions of the instant center of rotation of the humeral head are
measured and presented graphically and in cine loops. This
is useful for looking at instability and abnormal motion asso-
ciated with muscle dysfunction and possible passive instabil-
ity associated with derangement or laxity of capsule, labrum,
and ligaments.

Methods: We scan with a fast gradient-echo pulse sequence
optimized for contrast, SNR, and scan speed (9-ms echo,
0.018-sec TR, 45° flip angle, 10 sequential and continuously
acquired slices). During dynamic scanning, the patient’s
shoulder is in constant motion. To minimize motion artifact,
a positioning device is required. The angular rotation of the
shoulder joint is allowed to be no more than 3° per 64 phase-
encode lines. We acquire only the middle 50% of phase-en-
code lines in a 128 x 256 matrix to reduce motion artifact.
For analysis, we calculate the instant center of rotation from
the curvature of the humeral head and refer translations to
the glenoid.

Results: We acquired cine loops showing abduction/adduc-
tion and internal/external rotation. Graphs of the instant cen-
ter of rotation translations aided in evaluation of the glenohu-
meral joint, especially when the joint moved as a whole
across the images in the cine loop.

Conclusion: A combination of fast acquisition methods, pa-
tient positioning devices, and analysis software form a new
tool for detecting shoulder instabilities.

D.T. Hung is an employee of Resonex, Inc.

010 « 5:31 pm
Multiphase Multislice Myocardial Tagging in a
Single Breath Hold with Echo-Planar Imaging
C Tang, E Atalar, E McVeigh, E Zerhouni

Johns Hopkins School of Medicine, Baltimore, MD

Purpose: EPI tagging is used to obtain tagged images from
the entire LV in a single breath hold.

Methods: Tagging pulses were added to a multiphase mul-
tislice EPI sequence (eight slices, eight phases, voxel

size = 1.2 X 4.7 X 8 mm, four interleaves, TR = R-R inter-
val, TE = 13 ms, 0.5 NEX, 50-ms temporal resolution, one
breathhold, 32 heart beats per breath hold). All slices and
phases were obtained in a single breath hold to minimize res-
piratory motion artifact and misregistration. Axlal images
were acquired with a prototype GE single-axis SR-230 echo
planar system, which switches the x gradient from O to 2.3

G/cm in 100 ps. The tag lines are perpendicular to the read-
out direction. Tag/myocardial contrast-to-noise ratio (CNR)
was compared with that of the segmented k-space gradient-
echo technique (eight slices, 12 phases, voxel size 1.2 X

4.7 x.8 mm, TR = 6.5 ms, TE = 2,3 ms, 1 NEX, 33-ms tem-
poral resolution, eight breath-hold periods, 19 heartbeats per
breath hold).

Results: In the same heart, EPI improved the contrast be-
tween tagged and nontagged regions by a factor of 1.7 and 3.2
at 30- and 360-ms delay after trigger, respectively. The tag
lines were also found to persist further into the cardiac cycle
with EPIL

Conclusion: The EPI tagging technique offers improved tag
CNR while covering the entire heart within one breath hold.

Sunday Afternoon ¢ Metropolitan Room
Papers 018-019

INTERVENTIONAL MR
MODERATORS: R Kikinis, MD
RB Lufkin, MD

018 » 5:09pPm
MRI-monitored Noninvasive Ultrasound
Surgery of Highly Perfused Tissues
K Hynynen, CA Damianou, F Jolesz, A Alexander,
E Unger, HH Cline
Department of Radiology, Brigham and Women's
Hospital, Boston, MA

Purpose: The purpose was to optimize the sonication param-
eters and demonstrate the feasibility of MRI-guided and
monitored noninvasive ultrasound surgery to necrose highly
perfused tissues through the body wall.

Methods: A theoretical simulation study was first performed
to evaluate the optimal sonication parameters for the surgery.
Then a hydraulic MR-compatible positioning device was used
to manipulate a focused ultrasound transducer (frequency =
1.656 MHz, F-number = 0.8) in an MRI scanner. The system
was used to sonicate rabbit kidneys (three rabbits) at various
power levels and sonication times. The temperature elevation
during the sonication was followed with a gradient-echo
(SPGR) imaging sequence.

Results: The theoretical simulation study demonstrated that
sharply focused transducers with relatively short sonication
times (30 s or shorter) have to be used in order to avoid ne-
crosis of the skin and muscle layer in the body wall. This is
because these tissues have a much lower blood perfusion rate
than the kidney. This results in higher temperatures in the
overlying tissues if the exposures are long. The experiments
showed that the gradient-echo imaging sequence was sensi-
tive enough to detect the temperature elevation during soni-
cation, thus indicating the actual location of the focus. The
histologic evaluations post mortem showed that the trans-
ducer was able to induce kidney necrosis consistently with-
out damaging the overlying skin and muscle.

Conclusion: This study shows that highly perfused tissues
can be necrosed through the body wall noninvasively by using
focused ultrasound and that MRI can be used to guide and
monitor this surgery.

H.H. Cline is an employee of GE Medical Systems.
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019 » 5:19prm
MR Peritoneography: MRI Evaluation of the Sa-
line-distended Peritoneal Cavity prior to and dur-
ing Treatment of Peritoneal Carcinomatosis
GR Magre, P Colletti, M Terk, W Boswell

Imaging Department, University of Southern

California School of Medicine, Los Angeles, CA

Purpose: In selected cases of peritoneal carcinomatosis,
treatment with intraperitoneal instillation of various chemo-
therapeutic agents is appropriate. Pretreatment evaluation to
determine the extent of disease, as well as the likelihood of
adequate distribution of treatment agents instilled intraperi-
toneally, is important in initial therapy planning. Posttreat-
ment evaluation of response will determine continuation or
modification of treatment regimens. We present the first pa-
tient series describing the use of MRI in conjunction with in-
traperitoneal saline in the evaluation of peritoneal surfaces
(MRIP).

Methods: Six patients, aged 41-74 years, were evaluated on
seven different occasions. All examinations were performed
ona 1.5-T Signa MR system (GE Medical Systems, Milwau-
kee, Wis). Patients were studied with conventional spin-echo
as well as fast spin-echo techniques. Typical fast spin-echo
imaging parameters were 90 Ef/4,000-7,000/48 cm/10 mm/
3—4/256 x 192 (TE/TR/FOV/thickness/NEX/matrix). Ver-
sion 5.3 software was used. MRI was performed after the in-
traperitoneal instillation of 1,500 mL of sterile isotonic saline
via permanently placed chemotherapy infusion catheters. All
catheters were placed at the time of a “first look™ staging and
debulking operation.

Results: Two patients demonstrated normal intraperitoneal
distribution of saline and no evidence of residual disease.
One patient demonstrated saline extravasation due to a mal-
functioning catheter, and one demonstrated residual intra-
peritoneal hematoma related to recent surgery. One patient
showed subtle findings of recurrent disease. One patient
demonstrated widespread intraperitoneal metastases, and in
this case intraperitoneal distribution of saline was abnormal.
Conclusion: Our initial study indicates that MRI, with a fast
spin-echo technique used in conjunction with intraperitoneal
saline instillation, permits excellent visualization of the peri-
toneum. Detection of peritoneal implants is thereby greatly
facilitated. Additionally, MRI peritoneography can show nor-
mal and abnormal patterns of saline distribution, which may
be useful in predicting response to intraperitoneal chemo-
therapy.

Sunday Afternoon ¢ Miro Room
Papers 028-029

BRAIN I: General
MODERATORS: RB Dietrich, MD
JS Ross, MD

028 « 5:09 Pm
EPISTAR Perfusion Echo-Planar Imaging
of Human Brain Tumors
J Gaa, S Warach, P Wen, V Thangaraj, PA Wielopolski,
RR Edelman
Department of MRI, Beth Israel Hospital, Boston, MA

Purpose: To study the vascularity of human brain tumors,
comparing echo planar dynamic contrast-enhanced blood
volume imaging with EPISTAR, a noninvasive method of im-
aging relative cerebral perfusion with echo-planar imaging
(EPI).

Methods: The study sample consisted of 12 patients (aged
27-64 years) with diagnoses of astrocytoma (n = 9), oligo-
dendroglioma (n = 1), lymphoma (n = 1), and meningioma
(n = 1). Multislice T2*-weighted EPI scans (FID sequence
TE = 60 msec, eight 7-mm contigous slices every 2 sec-
onds) was utilized during bolus injection of Gd-DTPA. The
EPISTAR technique is a subtraction angiographic technique
that visualizes the distribution of blood flow by tagging a vol-
ume of blood proximal to the imaging slice with a 180° inver-

S8

sion prepulse followed by an echo planar readout of the imag-
ing slice; untagged images are subtracted from tagged images
to produce relative cerebral blood flow maps.

Results: Areas of hypoperfusion and hyperperfusion were
demonstrated in both tumors and surrounding areas of
edema on either EPISTAR or T2* contrast-enhanced images.
Although there was good agreement between the T2* and
EPISTAR techniques, mismatches were found that may be
due to differences in cerebral blood volume versus cerebral
blood flow, respectively.

Conclusion: Abnormal tumor perfusion data identified with
EPISTAR were complementary to perfusion data obtained
from dynamic blood volume imaging, presumably reflecting
the closer relationship to cerebral blood flow of the former
technique. EPISTAR therefore may provide unique informa-
tion about brain tumor pathophysiology.

029 + 5:19pm
Imaging Gray Matter with a Double-Inversion-
Recovery Pulse Sequence to Suppress CSF
and White Matter Signals
TW Redpath, FW Smith
MRI Centre, Aberdeen Royal Infirmary, University of
Aberdeen, Aberdeen, Scotland

Purpose: Partial volume effects can invalidate relaxation time
measurements and estimates of tissue volume in MR imag-
ing. Brain structures are complex and comprise CSF and
white and gray matter, each with significantly different T1
values. The use of a double-inversion-recovery (DIR) se-
quence to suppress white matter and CSF signals and thus
image gray matter directly was investigated.

Methods: A DIR sequence consists of two 180° inverting
pulses separated by a time TI,, followed by a conventional
spin-echo imaging sequence TI, seconds after the second in-
version pulse. Imaging was carried out on a 1-T Siemens Im-
pact MR system. Computer simulations of the Bloch equa-
tions were based on T1 values of 3 s for CSF and 500 ms for
white matter.

Results: Analysis of the Bloch equations showed that TI; and
TI, values could be found to null CSF and white matter sig-
nals over a wide range of TR values. Calculations showed that
TR values of less than about 6 s will have low SNR and a low
T1 range of useful contrast. Images of normal volunteers ob-
tained with TR = 8 s, TI; = 2,200 ms, TI; = 340 ms, and

TE = 20 ms gave good CSF and white matter suppression, as
predicted by theory. Comparison with T2-weighted images at
matching levels showed that the DIR images can better delin-
eate cortex structure, by reduction of partial volume effects.
Conclusion: DIR sequences can simultaneously null CSF
and white matter signals to image gray matter alone. The
technique has potential where measurements of brain cortex
function, T2 relaxation time, volume, etc, must to be made
without partial volume contamination.

Sunday Afternoon ¢ Morocco Room
Papers 038-039

UPPER ABDOMEN I: Hepatic, Fast
MODERATORS: JP Mugler, III, PhD
PT Weatherall, MD

038 ¢« 5:09pPm
Three-dimensional MR Cholangiopancreatogra-
phy in the Diagnosis of Bile Duct Obstruction
L Guibaud, PM Bret, C Reinhold, M Atri, A Barkun
Department of Diagnostic Radiology, McGill
University, Montreal, Quebec, Canada

Purpose: The objective of this study was to assess the accu-
racy of MR cholangiopancreatography using T2-weighted fast
spin echo (FSE) sequences in evaluating patients with bile
duct obstruction.

Methods: Forty-five consecutive patients with suspected

bile duct obstruction were examined with MRI within a
2-month period. T2-weighted FSE sequences were used




(8,000/144/16 [TR/eff TE/ETL]). Axial, coronal, and oblique
acquisitions were obtained, and the images were processed
with a maximume-intensity projection algorithm and refor-
matting software. MRI results were compared with those of
endoscopic retrograde cholangiopancreatography (ERCP) (26
cases) or direct cholangiography (six cases) or correlated
with findings of other imaging modalities and follow-up (13
cases).

Results: In one patient with claustrophobia, MRI was not
performed. ERCP was unsuccessful in six patients. There was
no bile duct obstruction in 22 cases, and no false-positive
findings were encountered with MRI. Bile duct obstruction
was present in 23 of 45 patients and was diagnosed with MRI
in 22 cases (96%). The level of obstruction was accurately
diagnosed in 21 of 22 patients (95%). The nature of obstruc-
tion was unclear after ERCP and follow-up in 4 cases. In the
remaining 18 patients, MRI accurately demonstrated the
cause of obstruction in 13 cases: 8/9 bile duct stones, 3/3
pancreatic carcinomas, 1/1 pancreatitis, 1/1 inflammatory
stenosis.

Conclusion: If these preliminary results are confirmed by a
large prospective clinical trial, 3D MR cholangiopancreatogra-
phy may become an important diagnostic tool in patients with
suspected bile duct obstruction and equivocal US results.

039 « 5:19pPMm
Monitoring of liver Graft viability with H-1 MR
Imaging, Relaxometry, and Spectroscopy
E Winklmayr, F Laengle, R Steininger, E Moser

Department of Medical Physics, University of Vienna,

Vienna, Austria
Purpose: H-1 MR relaxometry in vitro and ex vivo, combined
with imaging techniques, was used to evaluate liver graft vi-
ability in a model of orthotopic liver transplantation in pigs.
Methods: Orthotropic liver transplantation was performed in
25 pairs of pigs via venovenous bypass. Livers were perfused
in situ with UW solution and two modified Bretschneider
HTK solutions and subsequently stored for 20 hours. T1 and
T2 were determined from biopsy specimens with SR and
CPMG pulse sequences, as well as ex vivo with a combined
SE-IR sequence. Relaxation time images of liver grafts stored
on ice were monitored overnight to follow alterations during
storage. All relaxation time estimations were performed at 20
MHz. A T2-weighted TSE sequence was used to reconstruct a
“venogram” with storage solution as natural contrast agent.
Localized proton spectroscopy (STEAM-20) was performed
to estimate the fat content of the organ.
Results: In vitro data confirm our previous results from rat
liver investigations, which indicated that H-1 MR relaxometry
is useful in liver graft viability testing, reflecting tissue alter-
ations due to specific properties of storage solutions (1). We
found that even relaxation time images yield reproducible
results for viability testing if a strict protocol is maintained. A
good correlation between in vitro and ex vivo results was ob-
tained. Contrast of TSE images allowed 3D reconstruction of
(larger) vessels.
Conclusion: A combination of imaging, relaxometry, and
spectroscopy is useful for viability testing of liver grafts,
which may be performed noninvasively within two hours on a
clinical imager.
1. E. Moser et al. Transplantation 53 (1992) 5636540
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048 « 5:09 Pm
Comparative Study of Quantitative MR Flow Mea-
surement, Color-coded Doppler US, and Digital
Subtraction Angiography
TE Bomhard, HJ Oellinger, HB Schedel Jr, CH Hirth Jr,
RN Felix Sr

Strahlenklinik und Poliklinik, Freie Universitat Berlin,

Berlin, Germany
Purpose: The comparison of these methods was executed in
order to evaluate the clinical application and their overall per-
formance in patients with stenoses primarily in the internal
carotid arteries (ICAs).
Methods: Thirteen patients with 17 ICA stenoses, nine fe-
male (mean, 58.9 yrs) and 4 male (mean, 62.9 yrs), were ex-
amined by means of MRI, color-coded Doppler US (CCDU),
and digital subtraction angiography (DSA). The calculated
degrees of stenosis were compared with the results of DSA. A
1.5-Tesla Magnetom imager (SP 63) was used with a neck coil
(Siemens, Erlangen, Germany). A rephased technique was
used for MR flow measurement (MRFM) and a FLASH 3D
(time of flight) sequence for MRA. For CCDU, a Toshiba im-
ager was used. Blood velocities and flow rates were measured
20 mm proximally, within the stenosis, and 15 mm distally.
Results: The average examination time was 70 minutes for
MRFM, including MR angiography, and 30 minutes for
CCDU. Compared with DSA, the degree of stenosis correlated
well for MRI in 70% and for CCDU in 85%. In two patients a
steal phenomenon could be detected in the vertebral artery
with MRFM only.
Conclusion: Despite the fact that MRFM provides the most
complete picture in comparison with the other two methods,
for the time being CCDU may be the first choice for routine
clinical use, followed by DSA.

049 » 5:19pm
Phase-Contrast Phased-Array Reconstruction
MA Bernstein, M Grgic, TJ Brosnan, NJ Pelc

GE Medical Systems, Milwaukee, WI
Purpose: Phase-contrast (PC) angiography can depict flow
direction and volume rate and can also provide angiograms
with excellent stationary tissue suppression. We present a
phase-contrast reconstruction that is compatible with a
phased-array multicoil and that, unlike with a previous
method, retains directional flow and quantitative informa-
tion.
Methods: Central to phase-contrast reconstructions is the
restoration of the phase difference A®. Consider the phase
difference measured by coil k, ¢y = arg (Z1,/Zz ). The vari-
ance in ¢y is inversely proportional to MZ, so the linear com-
bination of {¢;} that minimizes the variance of the combined
result uses magnitude-squared weighting. Thus, one estimate
of the true phase difference is A® = 3 MZ¢y/S M2. This com-
bination is subject to errors when the {$] straddle the veloc-
ity aliasing boundary. This defect can be avoided by accumu-
lating complex exponentials rather than angles. Since the
variance of exp(idy ) is also inversely proportional to Mﬁ, com-
plex exponentials call for magnitude-squared weighting as
well. We can exploit the intrinsic magnitude-squared scaling
in the terms Z,,Zgi* = M, Moy exp((id ) Thus, the estimate
for the phase difference becomes A® = arg {3, Z i sz*/aﬁ],
where oy is the spatially independent noise estimate for the
kth coil-preamplifier-receiver chain, measured during pres-
can calibration.
Results: We have reconstructed phase-contrast, phased-ar-
ray scans of normal volunteers with both the phase difference
and complex difference methods. In one case, S/N improved
from 6.7 to 10.1 compared with body coil images. The four-
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coil reconstruction times were only twice as long as single-
coil times due to common processing.

Conclusion: Feasibility of a new phase-contrast phased-ar-
ray multicoil reconstruction has been demonstrated.

M.A. Bernstein and M. Grgic are employees of GE Medical
Systems.
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051 » 3:45Pm
Gadolinium Zeolite as an Orally Administered
Gastrointestinal MR Contrast Agent
SW Young, K Balkus, D Rubin, F Qing, JK Lang,
JD Mutch, WC Dow, RA Miller
- Pharmacyclics, Inc, Mountain View, CA

Purpose: To evaluate Gadolite Oral Suspension (GOS), an
oral MRI contrast agent.

Methods: GOS is a suspension of gadolinium sodium alumi-
nosilicate (gadolinium zeolite). Rat single-dose studies in-
cluded intraperitoneal toxicity, oral toxicity, and ulcerogenic-
ity. Subchronic 14-day toxicity and absorption studies were
performed in rats and dogs. The concentrations used were
120 pg to 15 mg Gd(III}/mL; the volumes, 10—40 mL/kg. MRI
signal intensities (SI) of GOS standards in 1.2—-300 pg
Gd(III)/mL suspension were evaluated with T1- and T2-
weighted spin-echo, and T1-weighted gradient-echo pulse se-
quences. MRI was performed in dogs (T1, fast spin echo
[FSE], and GRE). The oral dose was 15 mL/kg of a 150-

(n = 2), 75- (n = 2), or 9.6- (n = 8) pg GA(III)/mL suspen-
sion. The contrast-to-noise ratio (C/N) and the percentage of
contrast enhancement (%E) were calculated for bowel and
stomach 1.5 hours after administration.

Results: No evidence of toxicity or systemic absorption was
detected in any of the toxicity studies. Maximum phantom SI
at 75 ug: (300/15), 2,241.3; GRE (133/7/60°), 1,991.9; zeo-
lite suspension (no gadolinium), 308. MRI in dogs demon-
strated excellent enhancement of the stomach and small
bowel. The SI, C/N, and %E were significantly different from
those of surrounding muscle for all concentrations and pulse
sequences (P < .05). The bowel loops were all well filled, with
no segmentation or flocculation observed. The Sl for T1 and
FSE were as follows: 150 pg/mL, 485.3/67.3; 75 pg/mL,
411.8/358.8; 9.6 pg/mL, 289.8/402.4.

Conclusion: GOS appears to be an excellent oral MRI con-
trast agent, providing positive (white) signal intensities with
all pulse sequences commonly used today. There appears to
be no toxicity or systemic absorption.

S.W. Young is a cofounder of Pharmacyclics, Inc.

052 « 3:55rm

Derivatives of Gd-DTPA-bis(Phenylalanine)

as Hepatobiliary Contrast Agents

DL White, VS Vexler, L Milco, D Marinkovic, G Shevlin,

T Best
Department of Radiology, Contrast Media Laboratory,
University of California, San Francisco, CA

Purpose: The Gd(III) chelates of DTPA-bis(phenylalanine)
exhibit both renal and hepatobiliary excretion in rats and are
potentially useful MRI contrast agents for the kidneys, liver,
biliary tree, and small intestine. The purpose of this study
was to examine the influence of aromatic ring substituents on
biliary excretion and the dynamics of MRI enhancement in
rats.

Methods: Ligands were prepared from DTPA cyclic anhy-
dride and substituted phenylalanine derivatives. The relative
amounts of biliary excretion over 1 hour of a 0.1-mmol/kg
dose of Gd-153—-labeled chelate was determined by cannulat-
ing the rat common bile duct. T1-weighted coronal MR im-
ages (2.0 T; SE 300/6) of rat abdomen were acquired before
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and up to 90 minutes after injection of 0.1 mmeol Gd/kg of
contrast agent.

Results: The cumulative amounts (% injected dose) of Gd-
153 recovered in bile for the parent L-phenylalanine deriva-
tive, its ethoxy-L, and its t-butyl-pDL-analog were 6.4% * 1.8,
23.6% x 2.2, and 42.8% = 8.5, and the corresponding values
for Gd-153 found in the exsanguinated liver at 1 hour were
2.0% = 0.7, 4.98% = 0.7, and 4.4% * 1.5, respectively. MRI
contrast enhancement values in rat liver at 5 minutes were
43% = 9,93% = 11, and 106% = 17, and the corresponding
values at 60 minutes were 35% = 5, 62% = 10, and 72% =+
16, respectively. The relaxivities in water (2.0 T; 25°C) were
4.4,5.5, and 5.6 mmol~!Lsec™!, respectively.

Conclusion: Liver gadolinium concentrations closely corre-
late with MRI liver enhancement values but do not correlate
with biliary gadolinium excretion levels. Relatively minor
structural modifications of chelates can have significant ef-
fects upon their biliary excretion without large changes in
their in vitro relaxivity and MRI efficacy. Biliary elimination
results alone are not necessarily good indicators of MRI effi-
cacy for hepatobiliary contrast agents.

L. Milco, D. Marinkovic, G. Shevlin, and T. Best are employ-
ees of Molecular Blosystems, Inc. D.L. White and V.S. Vexler
have a research contract with Molecular Biosystems, Inc.

053 « 4:05rm
Mechanisms of Myocardial T1 Enhancement
after Bolus Administration of Contrast Agent
RM Judd, MK Atalay, EA Zerhouni

The Johns Hopkins University, Baltimore, MD

Purpose: To determine the effects of myocardial water ex-
change rates, if any, on the relationship between contrast
concentration and myocardial T1 for bolus administration of
contrast.

Methods: Contrast agents were administered under con-
trolled hemodynamic conditions in six isolated, perfused,
nonbeating canine interventricular septa. Myocardial T1 was
estimated three times per second, based on the attenuation of
T1-weighted FIDs. Polylysine Gd-DTPA (Schering) and gado-
teridol (Squibb) were administered at several concentrations
and two coronary flows. The concentrations were carefully
chosen to represent expected in vivo concentrations.
Results: For polylysine Gd-DTPA, the change in myocardial
1/T1 (AR1) during bolus transit did not scale linearly with
contrast concentration, consistent with a limitation of myo-
cardial water exchange across the capillary wall. For gadoteri-
dol, AR1 scaled roughly linearly with contrast concentration,
but the magnitude of AR1 was much smaller than that pre-
dicted on the basis of fast myocardial water exchange.
Conclusion: The results can be explained on the basis of a
limited vascular-interstitial water exchange, resulting in a
dramatic increase in T1 enhancement on a per-molecule ba-
sis when the contrast agent enters the myocardial intersti-
tium. We conclude that myocardial first-pass T1 enhance-
ment, with use of clinically approved contrast agents,
primarily represents extravasation of contrast.

054 - 4:15pm
Optimization of a Negative Oral Contrast Agent
for MR Imaging: First Clinical Results
MD Davis, TH Pels Rijcken, SA Fine
Department of Radiology, University of Massachusetts
Medical Center, Worcester, MA

Purpose: Previous in vivo animal studies, aimed at develop-
ing a negative oral MRI contrast agent, showed favorable re-
sults on T1- and T2-weighted images with barium sulfate and
bentonite mixed together (1). This material is safe, relatively
inexpensive, and FDA approved for GI radiography. We inves-
tigated the effect of the barium sulfate and bentonite (Ba-Ben)
suspension on T1- and T2-weighted image quality and toler-
ance in patients.

Methods: Six patients undergoing abdominal MRI studies
were scanned at 1.5 T, with SE and FSE sequences, on a GE
Signa MR unit. Suspensions of Ba (25%—40% w/w) contain-
ing Ben (2.5—4.0% w/w) were used. Patients were NPO-for-



solids 6 hours before imaging. Oral administration of 450—
800 mL of the Ba-Ben mixture was performed 60 and 30
minutes before the MRI study.

Results: The Ba-Ben mixtures gave excellent contrast on T2-
and generally good contrast on T1-weighted images. All se-
quences exhibited good bowel filling and depiction with less
artifact than noncontrast controls. Patient tolerance was
good, although most commented on the “chalky” taste of the
mixture. All patients, except one, drank the prescribed dose
(the one patient drank 450 of 600 mL).

Conclusion: The Ba-Ben mixtures and perflubron are cur-
rently the only negative MRI oral contrast agents available for
clinical use. Our initial clinical use of the Ba-Ben agent
showed good results with respect to bowel filling, delineation
from adjacent structures, and reduction of motion artifacts.
SNR, CNR, and SIR values for tissue signal intensities and
background noise will be presented. Patient tolerance was
good but can be improved by adding flavoring to the mixture.
1. Michael A. Davis MD, ScD, Hong Mei MSc, Ger H. Ritsema
MD, PhD. Optimization of Barium-Based Formulations as
Negative Oral Contrast Agents for MRI. Presented at the 41st
annual meeting of the Association of University Radiologists,
May 1993, Cincinnati, OH.

M.D. Davis is a consultant for E-Z-Em, Inc.

055 » 4:25pMm
Novel Technique for Quantification of Tissue
Blood Volume with Ultrashort-TI Inversion-
Recovery Echo-Planar MR Imaging
DM Shames, TP Roberts, CF Van Dijke, A Miihler,
JS Mann, RC Brasch
Department of Radiology, University of California, San
Francisco, Berkeley, CA

Purpose: Quantification of fractional tissue blood volume
(TBVy) with use of spin-lattice relaxation rates (R,) deter-
mined before and after administration of macromolecular
Gd-labeled contrast media has been impeded by the inability
to account for the effects of water proton exchange across the
capillary endothelium. We propose a novel technique of de-
termining the R, of tissue by measuring R, before proton ex-
change has had time to produce significant effects on longitu-
dinal relaxation.

Methods: Axial images of the liver were acquired in four rats
with ultrashort TI inversion recovery (ULSTIR) echo-planar
imaging (EPI) before and 3 minutes after injection of albumin
(Gd-DTPA)3s. Images were obtained with TIs of 5-100 ms.
For comparison with the standard technique of measuring
tissue R;, additional longer TIs were employed (up to 3.4
sec). The ratio of AR;s (postcontrast R; minus precontrast
R;) of liver to blood corresponding to the TBV; of liver was
compared with in vitro measurement of the TBV; of liver de-
termined by measurement of Gd with inductively coupled
plasma atomic emission spectroscopy.

Results: Estimates of the TBV; of liver with ULSTIR

(.264 * .054) were closer to those measured in vitro

(.301 * .061) than were estimates made using standard R,
measurements (.209 * .089). Furthermore, as predicted by
theory, the conventional estimates of TBV;were less than
those obtained by using ULSTIR in three of four rats.
Conclusion: A novel technique developed for estimation of
TBVj, ultrashort TI inversion recovery imaging, is more accu-
rate than conventional R, imaging because it corrects for the
effects of water proton exchange across membrane barriers
on longitudinal relaxation rate.

056 ¢ 4:35rm
Evaluating the Influence of Draining Afferent
Lymphatic Vessels on the Accumulation
of USPIO in Lymph Nodes
X Zhang, A Miihler, HJ Weinmann
MRI Contrast Media Research, Schering AG, Berlin,
Germany
Purpose: Previous reports have demonstrated two pathways
contributing to the delivery of ultrasmall superparamagnetic
iron oxide (USPIO) to the lymph nodes following intravenous
administration. The present study quantitatively assessed the

influence of the draining lymphatic vessel obstruction on the
clustering of USPIO in lymph nodes.

Methods: Afferent lymphatic ligation (n = 5) and sham liga-
tion (n = 3) of the right popliteal lymph nodes were per-
formed in rats with hyperplastic nodes induced by subcuta-
neous injection of egg yolk emulsion into the foodpads. The
contralateral limb and normal rats (n = 5) served as con-
trols. A dose of 200 pmol/kg of USPIO was intravenously ad-
ministrated 24 hours following surgery. Three rats without
injection of USPIO served as baseline controls. The rats given
USPIO were sacrificed 24 hours after USPIO administration,
and their bilateral popliteal lymph nodes were removed. Iron
concentrations were measured by means of ICP-AES ata
wavelength of 342.247 nm and calculated as pmol/g of lym-
phoid tissue.

Results: The complete afferent lymphatic obstructions were
demonstrated by a strong Evans blue staining of popliteal
nodes in the sham ligated group and no visible staining in the
ligated group. The relevant results of iron concentration mea-
sured by means of ICP-AES were summarized as follows: li-
gated group, right, 1.97 pmol/g lymphoid tissue + 0.45, left,
1.95 pmol/g + 0.44; sham-operated group; right, 1.89
pmol/g + 0.48, left, 1.95 pmol/g + 0.28; normal controls,
2.04 pmol/g * 0.42; and baseline controls, 1.25 wmol/g +
0.21. Thus, the accumulated amounts of iron in the rats with
afferent lymphatic obstruction were virtually identical to
those in sham-operated and normal control rats.
Conclusion: The results of the current study confirm that
the permeable membranes of intranodal blood capillaries are
the major delivery pathway following intravenous injection of
USPIO in rats. Even in the situation of lymphatic edema,
these results may imply effective use of MR lymphography
with USPIO.

057 ¢ 4:45pm

New Selective MR Contrast Agent, Ferrioxamine—

Dermatan Sulfate: Improved Enhancement of

AT-1 Rat Prostate Carcinomas

EJ Dadey, RP Mason, DF Ranney, J Fareed,

D Hoppenstradt, A Constantinescu, H Chen, JM Zadei,

PP Antich
Access Pharmaceuticals, Inc; University of Texas
Southwestern Medical Center, Dallas, TX; and Loyola
University Medical Center, Maywood, IL, Dallas, TX

Purpose: A novel water-soluble selective T1 MRI contrast
agent was prepared by binding ferrioxamine (F), a stable
paramagnetic iron(III) chelate, to dermatan sulfate (DS), an
acidic glycosaminoglycan carrier with polyvalent affinity for
neovascular endothelial cells. Our goal was to assess the se-
lectivity, potency, subregion delineation, and site-retention
time of F-DS.

Methods: T1-weighted, 3D spin-echo (TR/TE = 250/8) im-
ages of transplanted 1-2.5-cm AT-1 prostate carcinomas of
Copenhagen rats were acquired at 4.7 T, before and 7, 20,
40, and 60 minutes after injection (MPI) of F-DS (0.155
mmol/kg). Histologic staining was performed at 60 MPI ta
correlate metal-ion positivity.

Results: With F-DS (n = 10), the rapidly and highly perfused
vascular tumor pedicle and outer rim exhibited pronounced
immediate ( < 7 MPI) and sustained ( > 60 MPI) MRI enhance-
ment; the less rapidly perfused central tumor subregions ex-
hibited much lower immediate enhancement but achieved
significant delayed enhancement (40—60 MPI). Good subre-
gion delineation was possible at times up to 40 MPI. Histo-
logic stains were highly positive in the outer tumor rim and
moderately positive in the central tumor; both subregions
stained positively at endothelial, subendothelial, and tumor
intracellular sites. Free F (no carrier; 0.155 mmol/kg; n = 6)
gave no significant MRI enhancement. Gadolinium-DTPA
(0.100 mmol/kg; n = 6) gave much lower rim and overall tu-
mor enhancement, with rapid washout (20—40 MPI) and de-
layed sequestration in isolated central sites.

Conclusion: F-DS (a) selectively adheres to tumor-induced
endothelium, (b) loads tumor extracellular and intracellular
sites, (c) gives rapid and sustained tumor enhancement, and
(d) improves imaging selectivity, potency, temporal flexibility,
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and delineation of tumor boundaries and functional subre-
gions.

E.J. Dadey is MRI project manager at Access Pharmaceuti-
cals, Inc.

058 « 4:55rm

Na-23 T2 Imaging of the Rat Kidney

N Bansal, V Seshan, MJ Germann
Department of Radiology, University of Texas
Southwestern Medical Center at Dallas, Dallas, TX

Purpose: The analysis of sodium relaxation time may furnish
direct information on the environment surrounding the ex-
amined nuclei and on its functional aspects. This study was
planned to investigate the regional T2 relaxation characteris-
tics of Na+ in rat kidney by means of 3D Na-23 imaging.
Methods: The left kidney of anesthetized rats was exposed
via a flank incision and placed in a volume coil. 3D Na-23 im-
ages were collected on a 4.7-T Omega system using a spin-
echo sequence with exorcycle phase cycling at echo times of
2.5,5, 10, 20, 30, and 40 ms. The signal intensities at each
pixel were fit to a monoexponential function to obtain 3D so-
dium T2 maps.

Results: The 3D T2 images demonstrated a significant het-
erogeneity of sodium relaxation times in different regions of
the kidney. The measured T2 relaxation times ranged from 5
to 50 ms with a median at 17 ms. The average T2 times were
longer in the medullary region of the kidney than in the cor-
tex, because the renal medulla has more extracellular so-
dium.

Conclusion: These results demonstrate that Na-23 MR imag-
ing can be used to determine the regional characteristics of
sodium in the kidney in vivo. This technique should prove
useful in understanding the mechanism by which the whole
kidney handles sodium under different physiologic condi-
tions.

059 » 5:05Fm
Tumor Architecture: A Chronologic Perspective
with F-19 3D MR Imaging
RP Mason, P Peschke, EW Hahn, A Constantinescu,
PP Antich
Department of Radiology, University of Texas
Southwestern Medical Center, Dallas, TX

Purpose: MRI provides a noninvasive means for long-term
monitoring of tumor growth or regression. We have devel-
oped a novel approach for investigating tumor architecture
using combined F-19 and H-1 MRI following infusion of per-
fluorocarbon emulsion.

Methods: We examined the Dunning prostate tumor AT1
grown in a skin pedicle and a Novikoff hepatoma in the thigh.
When the tumors reached ~ 1 cm, Oxypherol (4 X 4-mL
emulsion of perfluorotributylamine) was infused over 2 days
in tumor-bearing rats, which were then examined with 3D
H-1 and F-19 MRI for several weeks at 4.7 T.

Results: H-1 MRI disclosed no structural heterogeneities in
either tumor. F-19 MRI revealed the distribution of perfluoro-
carbon in the tumors. After 2 days vascular clearance was
complete and F-19 MRI revealed the enhanced peripheral dis-
tribution of sequestered PFC in the AT1. Over the next 16
days the tumor doubled in diameter. Comparison of sequen-
tial images indicated that the PFC largely retained its original
distribution and did not redistribute, indicating preferential
growth from the periphery outward. For the Novikoff hepa-
toma F-19 MRI indicated a multinodular tumor structure
with peripheral PFC. Over a period of weeks the tumor re-
gressed spontaneously and the outline of the PFC was ob-
served to shrink but essentially maintain a constant pattern.
Conclusion: Sequestered PFC provides architectural land-
marks by which growth and regression are readily perceived.
The long-term retention of PFCs makes them particularly ap-
propriate for the assessment of relatively slow tissue remod-
eling processes.

S$12

060 * 5:15pm
Novel F-19 MR Imaging Agents: Imaging
Potential with Polylysines
VD Mehta, RP Mason, PV Kulkarni, PP Antich
Advanced Radiological Sciences, University of Texas
Southwestern Medical Center, Dallas, TX

Purpose: Fluorine-labeled probes with prolonged retention
in the vascular compartment should facilitate F-19 MR inves-
tigations of tumors, lesions, and regions of inflammation. As
part of our continuing efforts, we report the imaging potential
of a novel F-19-labeled macromolecular probe, TFA-polyly-
sine (TFA-PLL).

Methods: The amino groups in polylysine (98k, Sigma) were
selectively trifluoroacetylated with S-ethyltrifluorothioacetate
to produce TFA-PLL. The product was isolated in good yield
(85%) and characterized by means of F-19 MR spectroscopy
and imaging. A phantom containing 40 mg of TFA-PLL in 1
mL of methanol was used for imaging experiments.

Results: TFA-PLL exhibits a single sharp F-19 MR resonance
with a line width of ~40 Hz and chemical shift essentially co-
incident with CF3CO;,Na. F-19 relaxation times were found to
be ~700 ms for T1 and ~ 100 ms for T2 at 4.7 T. F-19 im-
ages of the phantom were obtained in 1 minute with a driven-
equilibrium enhanced spin-echo sequence with a signal-to-
noise ratio (SNR) of ~7 and in-plane resolution of ~700 pm.
This represents significant enhancement in F-19 detection
sensitivity compared with TFA-albumin (SNR of ~4 in 20
minutes for the same concentration).

Conclusion: Polylysines have been successfully derivatized,
providing fluorine-labeled molecular probes with useful MR
characteristics. The degree of labeling is sufficient to facilitate
imaging with exceptional time resolution. Further investiga-
tions for faster imaging and to assess in vivo applications are
in progress.
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108 « 5:09 Pm
Gadobutriol: A New Contrast Agent Used in Fe-
male Breast MR Imaging
HJ Oellinger, BR Balzer, RT Petzhold, TE Bomhard,
HB Schedel, RN Felix
Universitatsklinikum Rudolf Virchow, Freie Universitdit,
Berlin, Germany

Purpose: For gadobutriol (Schering, Berlin, Germany), a
new MR contrast agent, the optimal dose for female breast
MR imaging (FBMRI) is being evaluated in a G II phase study.
Methods: Fifteen patients with signs suspicious for malig-
nancy at mammography or sonography (mean age, 44.3 yrs)
were investigated with FBMRI. They were subdivided into
three groups, with each group receiving a different bolus of
gadobutriol (0.1, 0.2, or 0.3 mmol/kg). A 1.5-T, Magnetom
SP 63 imager was used, with a double breast coil (Siemens,
Erlangen, Germany). A FLASH 3D sequence was used, with a
semidynamic, thin-layer method.

Results: Thirteen carcinomas were diagnosed and histologi-
cally verified. At 0.1 mmol/kg the enhancing characteristics
of gadobutriol seem to be equivalent to those of gadolinium.
Two patients had a proliferative mastopathia of higher order
only, and two showed multifocality not seen before with
mammography. The bolus of 0.2 mmol/kg seems appropri-
ate for the FBMRI method used.

Conclusion: For the semidynamic thin-layer FBMRI method,
0.2 mmol/kg seems to be the correct dose, but this finding is
only preliminary.






