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MAGNETIC RESONANCE IMAGING (MRI) OF SMALL ANATOMIC REGIONS, JOINTS AND VASCULATURES AT 0.255T USING SMALL COILS 
OF VARIOUS SIZES AND GEOMETRIES. 

w.s. Yamanashi, R.D. Hartman, A.M. Sy, C.R. Crandal and P.D. Lester 
Department of Diagnostic Imaging and Radiation Medicine, City of Faith Medical and Research Center, Tulsa 
OK 74137-1270 

MRI receiving coils of various geometry and size including, loops, cross configured quad loop and modified quad 
loops and solenoids were designed and constructed for improvement of image resolution in small anatomic regions 
over conventional head or torso coils. Larger diameter loop coils were developed for visualization of breast and 
large joints; smaller loops for opthalmic and thyroid imaging. Coils consisting of four loops, with transverse 
axes of two of the components crossed, were designed for joints and vasculatures in limbs and extremeties. 
Wrapped around saddle coils and solenoid coils were built for imaging of small animals (i.e. rats and mice). 
The central resonance frequency, impedance, and phase angle of the coils were measured with a Hewlett Packard 
H.P. - 4193A vector impedance analyzer. The advantages of using small coils for small volume of interests (VOl) 
are: (1) better signal to noise ratio (S/N) due primarily to the improved filling factor; (2) better resolution 
over VOl; and (3) more degrees of freedom in adjusting the coil to VOl. The quad loop coil was shown to be 
useful when a bent object must be imaged, or when a object must be inserted from two orthogonally seperated 
position. The small diameter solenoid coil was constructed to be used in small animal imaging or oil/water 
distribution study for an oil industry where RF homogeniety is maximally required over the sample volume. The 
small wrapped around saddle coil was used for imaging of extremeties (esp. joints and vasculature). Example of 
MRI of a human head obtained using a 12cm loop coil (Figure 1), of an orange using a cross configured loop coil 
(Figure 2), and of a hand using a wrapped around saddle coil (Figure 3) are illustrated on the next page. 
Resolution improvement over the head coil was visualized with the use of a standard resolution phantom (Picker 
175-147). All images were taken with a Picker MR VISTA 2055 scanner with one of these coils in the place of the 
head coil, spin echo (Hahn) sequence with TR = 1000 ms, TE = 40 ms with 2DFT reconstruction was used. The 
transmitter was returned to each different coil before the scan. 

Yamanashi et al continued 

LOOP COIL 

Figure 1 
A sagittal image of a head obtained with a 
7" diam. 2 turn loop coil placed on the 
anterior of the face on a formed pad 
insulator. 

Figure 2 
A transverse image of an orange 
obtained with a four loop, 4" 
diam. cross configuration coil . 
The sum of the B vectors was 
oriented orthogonal to B

0
• 

WRA PPED SADDLE COIL 

Figure 3 
A image of a hand exhibiting some 
vasculatures and bones, taken with 
a wrapped saddle coil 4~" diam., 
4" length. 

All images taken with these coils in the place of the head 
coil (impedance matched) of a Picker MR VISTA 2055 scanner 
operated at 0.255T, 10.86 MH , with SE sequence, TE=40 ms, 
TR=1000 ms, 2DFT reconstructfon, matrix=2562, averaging=2. 
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MAGNETIC RESONANCE (MR) IMAGING IN TREATMENT PLANNING 

Alexander C. Mamourian, M.D., John A. Stryker, M.D., David E. Cunningham, Ph.D., William A. Weidner, M.D. 

The Milton S. Hershey Medical Center, The Pennsylvania State University, Hershey, PA 17033 

Twenty five patients with known cancer were evaluated with MRI to determine the accuracy of radiation 
therapy treatment portals determined by conventional means. Propylene glycol filled tygon tubing was 
applied directly over the skin marks used for therapy. Patients were then positioned in the MR scanner as 
they were in treatments. Using a 0.15 T resistive scanner with TR 500 TE30 patients were scanned in axial, 
coronal, and sagittal planes in the region of interest. The tubing appears as a white dot permitting the 
spatial relationship of the portal to the tumor to be evaluated. Brain tumors as well as cancers in the 
chest, abdomen, and pelvis were included in the study. Preliminary results indicate that this will be most 
useful in the abdomen and pelvis where sagittal images provide additional information to CT images thus 
permitting more accurate localization. 

"F-19 AND H-1 DUAL NUCLIDE MRI FOR DELINEATION OF MYOCARDIAL INFARCTION" 

Nunnally RL, Babcock EE, and Horner SO 

Department of Radiology and Biomedical Magnetic Resonance Center, The U~iversity of Texas Health Science Center 
at Dallas, Dallas, Texas 75235 

Water-soluble 19F-labeled compounds are promising MRI contrast agents for the evaluation of tissue perfusion 
because there is normally no background of 19F in soft tissues. Using a salt of trifluoromethyl sulfonic acid, 
in a perfused rabbit heart model, 19F MR images can be obtained for control, regionally infarcted, and reper­
fused protocols. Due to the low levels of fluorine which are present in the myocardium under the conditions 
used, the 19F images have a low signal-to-noise ratio. Since the magnetogyric ratl'os of 19F and 1H are 
similar, it is simple to obtain good 1H MR images utilizing a probe optimized for 9F observation. Normaliza­
tion of the signal intensities of the two image sets (19F and lH) with subsequent subtraction of the lH image 
data from the 19F image data yields a resultant image clearly delineating the perfusion defect present in a 
permanently ligated infarct model. Furthermore, in the reperfusion model, a perfusion defect persists when 
flow to the left coronary arteries is reestablished following 15 minutes of arterial occlusion. Images were 
obtained at 4.25 Tesla, which corresponds to a frequency of 167.5 MHz for 19F and 178.1 MHz for 1H. This 
"dual nuclide subtraction imaging" technique is particularly advantageous for the combination of 19F and 1H 
because of the closeness of their respective resonance frequencies at any constant magnetic field. The 
distribution of the 19F label is perfusion dependent and the resultant substracted image demonstrates that the 
infarcted region "border zone" is a sharp and narrow one. Even in the reperfusion studies, the persistent 
perfusion defect indicates a well-defined border zone. The use of such a technique for the early evaluation 
of myocardial infarction could have an impact on the clinical management of such cases. 

"THE CHARACTERIZATION OF A F-19 LABELED AGENT FOR THE EVALUATION OF TISSUE PERFUSION BY F-19 MRI." 

Horner SO, Babcock EE, Storey CJ, and Nunnally RL 

Department of Radiology and Biomedical Magnetic Resonance Center, The University of Texas Health Science 
Center at Dallas, Dallas, Texas 75235 

A number of properties and parameters of the meglumine salt of trifluoromethyl sulfonic acid (TFSA) have been 
determined for characterization of this agent in applications to 19F and dual nuclide subtraction of MRI in 
the evaluation of organ perfusion in situ and in vivo. For protocols using the 19F-labeled agent, the 
concentration of the TFSA in the perfusing solut1on is 190 mM. Tissue levels which result from this protocol 
have been determined by chemical analysis and by high resolution of 19F NMR. Data from a set of solutions 
varying in TFSA concentration were obtained using identical NMR parameters. This data was then integrated 
and used as calibration data with which data from tissue samples were then compared. Table 1 gives the 
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results so determined. 19F longitudinal relaxation rates have been determined for TFSA in solution and in 
myocardium. At the 4.25T field used, these values are 4.3 seconds and 4.1 seconds, respectively. It is of 
interest to note that these values differ little from one another, and this is probably a result of the fact 
that TFSA remains extracellular. TFSA has been shown to have a relatively low in vivo toxicity and initial 
results of 19F imaging in a perfused rabbit heart model indicate that this agent has potential as a perfusion 
marker in MRI applications. 

TABLE 1 

Tissue Concentration of TFSA* 

Chemical Analysis 
54 mM 

*Based on 80% of wet weight of tissue being water. 

IN-VIVO C-13 NMR OF GLUCOSE METABOLISM IN MONKEY BRAINS 

NMR Technique 
51 mM 

Bruce E. Hammer1z William Sacks2, Michael J. 3Hennessy1, Rodney E. Bigler3, Shirley Sacks2, 
Arthur Fleischer , and Pasquale B. Zanzonico 

1-Intermagnetics General Corporation, MRI Laboratory, Troy, NY 
2-Nathan s. Kline Institute for Psychiatric Research, Orangeburg, NY 
3-Cornell University Medical College, New York, NY 

The objective of this study was to investigate cerebral glucose metabolism of the monkey brain by C-13 NMR. 
Metabolic pathways of C-13 labeled glucose can be deduced by analyzing the proton decoupled C-13 NMR spectrum. 
The relative concentrations of metabolic intermediates can, in principle, be determined by measuring the area 
under each peak in the NMR spectrum. 

An Intermagnetics General Corporation (IGC) 3.0 Tesla, 25 em warm bore superconducting magnet operating at 
2.1 Tesla was used for these experiments. Proton and carbon-13 radiofrequency probes were operated at 90.303 
and 22.707 MHz, respectively. Carbon-13 free induction decays (FID's) were 2 K points in length, sampled at 
20-40 usee/point, and digitized in a 12 bit A/D converter. The FlO's were zero filled, weighted with a 
gaussian filter, and Fourier transformed. Four grams of (C-13)-1-glucose was intravenously administered to a 
Rhesus monkey sedated with Ketamine hydrochloride. Proton decoupled C-13 spectra were averaged every 15 to 30 
minutes over a ninety minute period. 

Carbon-13 spectra were acquired during ninety minute experiments. Metabolism of (C-13)-1-glucose should 
ultimately label glutamate and glutamine of the brain. This is a consequenc~ ~f glucose entering the 
tricarboxylic acid cycle where a -Ketoglutarate is metabolized into glutamate- • The glutamate-glutamine pool 
size is relatively large so that C-13 carbons which enter this pool are slow to re-enter the TCA cycle. 
Consequently glutamate-glutamine C-13 signals should be observed after glucose is metabolized. The spectra 
obtained are interpreted in view of this mechanism. 

Refer~nces: 
Sacks, W. (1965). Cerebral metabolism of doubly labeled glucose in humans in vivo. J. Appl. 

2 Physiol. 20: 117-130. 
Sacks, W., Sacks, s., Badalamenti, A., and Fleischer, A. (1982). A proposed m~~hod for the determination 
of cerebral regional intermediary glucose metabolism in humans i~ 4vivo using C-glucose and positron 
emission transverse tomography (PETT). I. An animal model with C-glucose and rat brain autor 

3 adiography. J. Neurosci. Res. 7: 57-69. 
Sacks, W., Cowburn, D., Bigler, R.E., Sacks, S., and Fleischer, A. (1985). Evidence for the cerebral 
uptake in vivo from two pools of glucose and the role of glucose-6-phosphatase in removing excess 
substrate from brain. Neurochem. Res. 10: 117-144. 

CHEMICAL SHIFT IMAGING IN THE FACE OF FIELD INHOMOGENEITIES 

John L. Patrick and E. Mark Haacke 

Picker International, 5500 Avion Park Drive, Highland Heights, Ohio 44143 

We present a technique for the separation of water and fat which can operate in the face of static 
field inhomogeneity and differing tissue susceptibility. This allows the separation to be achieved over 
large spatial areas where the static field inhomogeneity may be a significant fraction of the chemical 
shift. The technique also allows extraction of the static and susceptibility related field inhomogenei­
ties. 

Our results establish upper bounds on the subject's effect upon the static field homogeneity and 
provide a technique for exploring this problem. We present whole body water-fat separated images and 
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contrast these with attempted water-fat separation by techniques which do not account for field inhomo­
geneities. The elimination of static field problems by imaging uniform phantoms is also discussed. We 
find that the field inside the phantoms change by several ppm across the phantom edges due to changes 
in susceptibility. This edge effect on the static field was also confirmed by direct magnetometer 
measurements. 

To avoid the above problems, we utilize similar methods which encode the field inhomogeneity and 
chemical shift in the phase. Three images are used to extract the three unknowns: water signal, fat 
signal and total static and susceptibility related field inhomogeneities. The resulting images, 
especially those at high field, are significantly improved by eliminating the field 
inhomogeneity effects. 

Recently, several authors [1] have detailed techniques for the measurement of static field inhomo­
geneity utilizing a spin-echo 2DFT experiment in which the inverting 180° pulse is shifted by a small 
time interval 11 £ 11

• The resulting phase image will have a position dependent static field contribution 
given by: ~ = 2y~B. This basic sequence has also been utilized by several authors (2] to achieve 
water-fat separation by setting ~ = n for ~B equal to the chemical shift difference between water and 
fat. The resulting scan then yields water minus fat and may be added to or subtracted ftom a normal 
spin-echo scan (water plus fat) to yield water or fat images. This technique is applicable only when 
there are no field inhomogeneities, 

In practice, the two image approach requires a static field homogeneity of better than 0.3 ppm to 
be accurate to within 10%. For example, a 1 ppm inhomogeneity is equivalent to a 60° error in phase, 
and a fat only region will falsely yield a water and fat reading. These inhomogeneities may be 
present in the empty magnet or may be the results of the subject's interaction with the static field. 
The three image technique presented here allows the separation of water, fat and total field inhomo­
geneity. Adding a fourth experimental measurement, such as a static field plot, allows the separa­
tion of water, fat, static field inhomogeneity and subject susceptibility induced inhomogeneity. 

[1] P. Margosian and J. Ahart, Proc. S.M.R.M., New York, N.Y. 495 (1984). 
[2] K.N. Scott and T.H. Mareci, Proc. S.M.R.M., New York, N.Y. 668 (1984. 

MULTIPLE QUANTUM TECHNIQUES IN NMR IMAGING AND SPECTROSCOPY 

Charles L. Dumoulin 

General Electric Corporate Research and Development Center, PO Box 8, Schenectady, New York 12301 
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Multiple quantum and zero quantum transitions are allowed for any spin system with more than one eneray 
level. Coupled spin 1/2 systells for example. can have spin states in which coherence exists between eneray 
states connected by a multiple quantum transition. These transitions are not directly observable and special 
pulse tequences are required to detect them. Nevertheless, the unique properties of multiple and zero quantum 
transitions are particularly attractive. Multiple quant1111 techniques have been used in hi&h resolution NMR 
spectroscopy to eluciate and in some cases map out molecular structure. These experiments are instrumentally 
demandins but for the most part are within the capabilities of modern research srade HR imagers. Water does 
not exhibit any multiple quantum behavior. Lipids, lactic acid and other metabolites on the other hand can 
have strong multiple quantum coherence which can be indirectly detected without interference from sinsle 
quantum water sisnals. This is possible because of differences in behavior of sinsle and multiple quantum 
coherence as a function of the phases of the excitation pulses. The traditional vector model inadequately 
describe multiple quantum behavior and density matrix formalism must be invoked if one is to fully appreciate 
the complexity and utility of llUlt iple quantum coherence. For example, density llatrix calculations predict 
that the double quantum spectrUil of a coupled AB spin 1/2 sy1te11 will have a single peak at the sua of the 
chemical shifts of the coupled resonances. The zero quantum spectrum on the other hand will have a single peak . 
at the difference of the chemical shifts of the coupled spins. Zero quantUil coherence is particularly 
interesting Iince it is independent of masnetic field inhomogeneities. Several spectroscopic and imtging 
experiments exploiting multiple quantum coherence will be presented. 

CONTRAST ENHANCEMENT OF MRI IMAGES BY DIGITAL PROCESSING 

Schonfeld, E., Evans, H., LeBlanc, A., Schneider, V., Johnson P. 

NASA Johnson Space Center and Baylor College of Medicine, Houston, Texas 

We have investigated the use of several digital image processing techniques in order to improve image 
contrast. These techniques have been successfully applied by NASA to remote sensing images from space. 
Three techniques to improve contrast by feature and edge detection will be presented. These methods are: 
artificial illumination, 3 color combination classification, and least-squares Laplacian edge detection. 

Small intensity variations are very difficult to detect by the eye especially if the image is noisy. 
A technique that has proven useful for interpreting geographical maps, artificial illumination, may be use-
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ful for enhancing image contrast of MRI images. In this technique one computes the reflected light as a 
result of artificially illuminating a surface. This artificial illumination method uses the directional 
derivative of the image intensity which gives the illusion of relief in 3 dimensions. It is a natural pro­
cess to interpret shadows in terms of relief. It also increases the contrast of very small intensity varia­
tions in an image. This technique has higher contrast than contoured or pseudo-color images because it 
contains more intensity 1 eve 1 s. To decrease noise, the method uses a spec i a 1 1 east-squares version of the 
directional derivative. It was found that the technique was useful for determining the boundaries between 
muscles, such as the gastrocnemius and soleus. 

A technique called three color combination digitally combines the information from 3 different images 
to produce a single color image. Each of the 3 images is assigned a basic color such as red, green, or blue 
with the combined image being a mixture of the 3 colors. The final intensity and color is determined by the 
color intensity of each of the primary images. In MRI one could assign a primary color to images generated 
by different pulse sequences or MRI parameters such as Tl, T2, spin density, blood flow or any other mathe­
matically derived image. Any three of the above can be combined to produce an image with increased informa­
tion or contrast. This technique was applied to MRI echo images to help differentiate tissues. 

It is necessary to accurately determine tissue edges in order to measure size and shape. This is some­
times difficult for small structures such as blood vessels, because of spatial resolution limitations. One 
way to detect edges is the Laplacian method by Rosenfeld. However, if the data is noisy the noise is ampli­
fied because of the differential nature of the method. A least-squares version of the Laplacian was used to 
decrease the noise to a tolerable level by fitting a paraboloid using least squares to an area typically 5x5 
pixels and then computing the Laplacian. This technique was used to detect the edges of limb blood ves­
sels. After the edges were detected the areas and diameters were determined. It was found that this method 
was more precise than visual edge detection and should lessen interoperator variability. 

MR DIAGNOSIS OF INFERIOR VENA CAVAL ABNORMALITIES 

Anthony R. Lupetin, M.D., Nilima Dash, M.D., Rolf L. Schapiro, M.D., Ziad L. Deeb, M.D., 
Richard H. Daffner, M.D., Robert Sefczek, M.D.; 

Allegheny General Hospital, Pittsburgh, Pennsylvania U.S.A. 

In a nine-month period, ten patients have undergone evaluation of the inferior vena cava with magnetic 
resonance. All studies were performed on the Siemens' Magnetom. a 0.5 Tesla proton NMR system utilizing 
a superconductive magnet which is cooled with liquid helium and nitrogen and operates at a nominal field 
strength of 0.352 Tesla. The radiofrequency system operates at 15 mHz. 

MR appears to be the procedure of choice in screening the inferior vena cava for abnormalities. Direct 
sagittal imaging of the vena cava in most patients can demonstrate the entire intra-abdominal portion of the 
inferior vena cava. 

We will demonstrate cases of inferior vena caval thrombosis, both idiopathic and secondary to renal vein 
thrombosis extension. We will demonstrate extension of renal carcinoma into the inferior vena cava. We will 
demonstrate invasion of the inferior vena cava by hepatoma and also by metastatic colon carcinoma in the 
retroperitoneum. 

We will discuss the differentiation of slow flow from tumor or idiopathic thrombus. We will also 
demonstrate the paradoxical enhancement seen on the first slice when the inferior vena cava is being studied 
with magnetic resonance. 

GATED CARDIAC IMAGING USING A 0.3 TESLA PERMANENT MAGNET IMAGING SYSTEM 

Antoinette S. Gomes, M.D., Juan F. Lois, M.D., Larry-Stuart Deutsch, M.D. 

UCLA School of Medicine, Center for the Health Sciences, Department of Radiology, 
Los Angeles, CA 90024 

The purpose of this study is to evaluate the utility of NMR imaging using a 0.3 Tesla 
whole body permanent magnet imaging system. Thus far 6 normal and 28 abnormal patients 
with known cardiac disease have been studied. All abnormal patients have had clinical 
examination, echocardiography, and angiography and in some instances a PET scan. Patients 
with a spectrum of lesions including hypertrophic cardiomyopathy (8), cardiac tumors (2), 
coronary artery disease (6), coronary artery bypass grafts (6), and congenital heart 
disease (6) have been imaged. All images have been acquired with ECG gating using spin 
echo technique. 

Coronary artery grafts have been imaged. Early results with simple oblique and 
orthogonal views are promising. Native coronary arteries are more difficult to evaluate 
because of their complex course. Surface coils have been applied in several instances in 
an attempt to improve coronary artery visualization with varying results. Additional 
experience is needed to evaluate the usefulness of NMR in coronary artery imaging. Cardiac 
tumors were well visualized and their relationship to mediastinal structures could be 
assessed in both cases. In our experience NMR is found to be particularly useful in 
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evaluating results of radiation and chemotherapy. In hypertrophic cardiomyopathy there 
was clear visualization of the interventricular septum and the ventricular chambers. In 
complex congenital heart disease NMR is particularly useful for evaluation of post­
operative results as good visualization of all chambers was obtained. Larger numbers of 
patients, however, are needed to ascertain the sensitivity and accuracy of NMR in the 
detection of small inter-atrial and inter-ventricular septal defects. 

REDUCTION OF MOTION ARTIFACTS IN NMR IMAGING 

R.E. Gangarosa, A.V. Lakshminarayanan, S. Albert, P. Coleman, 0. Frizzell, J. Hahn, C. Huebner, M. Profeta, 
P. Pattany 

Picker International, 5500 Avion Park Drive, Highland Heights, Ohio 44143 

Movement artifact represents one of the most severe problems limiting clinical effectiveness of NMR 
imaging, especially in the thorax and abdomen. Types of motion artifact analyzed here include cardiac, 
respiratory, peristaltic and blood flow movement. The aim of this paper is to investigate characteristics 
of motion artifact and to determine practical methods to reduce them. 

Since each NMR acquisition occurs rapidly compared to physiological movement, most movement artifact 
results from view-to-view variation in image data registration. Thus, the appearance of motion artifacts 
depends on the relationship between the characteristics of the motions (i.e., type, regularity, period, 
amplitude, etc.), the observational parameters (i.e., pulse sequence, coil, field strength, slice 
orientation, etc.), and the reconstruction technique (20FT, pro~ction reconstruction, hybrid). 

The images were obtained with Picker International Vista 1M MR imagers operating at fields of 0.15, 
0.5, 1.0 and 1.5T. Our experiments suggest that the most important imaging parameters influencing this 
artifact include the choice of TR relative to the movement, choice of pulse sequence, anatomical region 
and image plane, physiological (cardiac and/or respiratory) gating, choice of spatial encoding techniques 
and magnetic field strength. The influence of these factors will be demonstrated in clinical and volunteer 
images. 

Analysis of these factors leads to specific maneuvers to reduce movement artifacts. These maneuvers 
can be categorized as ( 1) avoiding movement artifacts, (2) suppressing movement, (3) synchronizing data 
acquisition to movement periodicity, (4) reducing the influence of movement on the signal and (5) diffusing 
the movement artifact. Examples of maneuvers which fall into the five categories listed above are (1) 
choice of coronal scans in abdominal imaging, (2) use of glucagon in suppressing peristalsis, (3) use of 
cardiac and/or respiratory gating, (4) use of a pulse sequence adaptation which reduces flow artifacts, 
and (5) use of hybrid complex modulation or back projection with 2-sided echo sampling and magnitude 
reconstruction. These maneuvers can be used singly or in combination. Example images will be shown to 
demonstrate the effects of these maneuvers. Using these maneuvers, all types of movement artifacts 
considered could be minimized. 

EFFECTIVE ENCODING STRATEGIES FOR MRI: A TWO-ECHO FLOW/MOTION AND CHEMICAL SHIFT 
SEQUENCE WITH STEREO-VIEWS 

Paul R. Moran, Bowman Gray School of Medicine 
William H. Perman, University of Wisconsin 
Richard A. Moran, General Electric Medical Systems 

A number of effective strategies for multiple encoded MRI scans can be designed. An 
example is a two-echo sequence in which the second echo is coded for multiple sampling of 
phase-gradient-modulation true flow/ motion imaging, and the first echo-data are ·coded for 
chemical shift imaging (e.g., to extract separate fat/water information). We have 
implemented this sequence on two different scanners, one at l.ST and one at O.lST, and 
have demonstrated successful performance on both. We also have demonstrated the possibil­
ity of carrying out the scan in full-projection imaging mode in coronal view on both 
instruments. It also is a characteristic of this type of sequence that ordinary conven­
tional MR-images can be reconstructed from the same raw-data, as well as the true flow­
images and the fat/water discriminated images. We demonstrate the results of this feature. 

By adding a repeat of the same sequence, i.e., doubling the "average-chop," and 
modifying the read-out gradient command to activate a simultaneous weak gradient along 
the direction of the imaged plane, we can achieve even further capability. In this 
extended mode, we carry out a "thick slab" selective excitation and obtain parallax stereo­
views in the reconstructed image. These may be viewed through a binocular viewer to 
produce, for example, a three-dimensional ~resentation of the vascular flow in the imaged 
slab. 
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THREE DIMENSIONAL N.M.R. IMAGING 

By R.A. Jones 

Dept. of Bio-Medical Physics, University of Aberdeen, Scotland. 

Three dimensional N.M.R. images have been obtained using 3D spin-warp (3DSW) and 3D recalled echo (3DRE) 
techniques. Full details of the pulse sequences can be found in reference 1. 

For both techniques the field of view and spatial resolution in each of the three orthogonal directions are 
independant, allowing the imaging volume to be tailored, to some extent, to the volume of interest. Slice 
selection is achieved by using an optimised sine (2) for the R.F. envelope and a suitable selection gradient. 
The encoded region is made slightly larger than the selected region to rule out the possibility of aliasing in 
the slice direction. This combined with the fall off in signal at the edges of the selected region means that 
the slices at either extreme will have a degraded signal to noise ratio (SNR). An image resolution of 64x64x8 
has been implemented for both techniques, a 128xl28x8 matrix has been implemented only for the 3DSW method. 
Data processing for the two techniques is identical providing only the alternate echoes from the 3DRE sequence 
are sampled. If all of the echoes produced by the 3DRE sequence are to be processed then the 'even' (time 
reversed) echoes require additional processing. Because the collection time is limited by ~B0 and TL effects 
it is necessary to use a higher signal bandwidth for the 3DRE since it will be necessary to recall and sample 
the free induction signal (FIS) 8 times for a resolution of 8 in the slice direction. 

The 3DSW technique gives an improvement of ~. where N is the number of planes, over a 2D spin-warp image 
of the same plane with the same voxel dimensions. If the collection time following a single FIS is the same for 
the 3DRE and 20 methods and only alternate echoes are collected in the former then the signal bandwidth must 
increase by a factor of 16 for the 3DRE method. This will increase the noise by a factor of 4, however as 8 
echoes are sampled the overall reduction in SNR is only 12, this reduction occurs as only alternate echoes are 
being collected. Collecting all of the echoes will produce an SNR equivalent to that of the 2D method, in 
practice the time required for gradient switching wii degrade the SNR of the 3DRE method. These results have 
been confirmed experimentally, with the SNR of the 3DRE method being better than indicated above due to it 
having a longer collection time per FIS than the 2D technique. The penalty for the high SNR of the 3DSW method 
is it's relatively long acquisition time. This can be reduced by using a short inter-pulse interval, at our 
operating frequency of 1.7MHz this also serves to increase the contras in the images. The 3DRE technique has 
the advantage of a short acquisition time and should prove useful in applications where it is necessary to use 
a longer interpulse interval, e.g. in 3D gated cardiac images. 

References 

1 G.Johnson,J.M.S.Hutchison,T.W.Redpath and L.M.Eastwood- J. Magn. Reson. 54,374-384 (1983) 

2 D.J.Lurie - Magn. Reson. Imaging, submitted 

MECHANICAL SHIMMING OF RESISTIVE DR SUPERCONDUCTIVE MAGNETS FOR MAGNETIC RESONANCE IMAGING 

Herve SAINT-JALMES 
Yves BARJHDUX 

Institut d'Electronique Fondamentale B&timent 220 
Thomson CGR, B.P. 34 75530 Buc (FJ 

91405 Drsay Cedex (F) 

High homogeneity magnets for NMR require some means of shimming. This is first done at assembly time, 
before and after cooling in the case of a superconductive magnet. It is then repeated on the installation 
site. One should compensate for i) manufacturing and assembly tolerances and iil environmental field dis­
torsions. Shimming can be achieved by mechanical realignment of the magnet elements, by electrical adjustments 
or by local compensations with magnetic materials. When the magnet structure allows it, mechanical shimming is 
most effective for problem i) and presents significant advantages for problem ii), although electrical shims 
will eventually be used as a final refinement. 

The various procedures for mechanical shimming of a large magnet are compared through the successive 
steps of field homogeneity measurements, characterization of the field defects by their symetry features and 
the crucial choice of a corrective action among many. The mathematical analysis of all elementary realignments 
is done with simulated field plots (see figure). 

Several procedures have been used for alignment of three different resistive magnets for whole body 
MRI. The new procedure we propose relies on characterization of the symetry and quantitative assessment of 
the amplitude of each field defect of the whole magnet. It has proven vastly superior and much quicker 
than the conven t ional methocs based either on !;uccessive 
single coil alignments or on partial derivatives esti-
mation for each action. 
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Figure 1 : 

Simulated field plot of an elementary 
misalignment. 
Each coil has five degrees of freedom, 
one axial, two radial and two 
rotational. 
The effect along the Z -axis of a 
rotational error is shown. 

MAGNETIC SHIELDS FOR ~ MAGNETS 

A.K. Kalafala (Ph.D) R. M. Vavrek* 

General Electric Corporate Research and Development 
* General Electric Medical Systems Business Group 
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Siting of an MR magnet In any environment, such as a hospital, requires consideration of several factors: 

o Minimizing the effect of the stray magnetic field on the surrounding equipment and personnel. 
o Minimizing the effect of the surrounding structural environment on the field homogeneity within the 

magnet's working volume. 
o Minimize the additional Instal fatfon cost due to any proposed shielding configuration. 

Presently, work Is In progress on the design of ferromagnetic shields to meet the above requirements. 
Extensive use Is made of the family of I lnear and non- I lnear Electromagnetic Analysis Codes developed In 
house to aid In optimizing shield configurations. 

Shield GeometL¥- Geometrical symmetry with respect to the magnet axis Is usually the starting point. A 
cylinder, due to Its symmetry, causes minimum perturbation to the field homogeneity In the working volume. 
On the other hand, box I Ike shields and planar flat para! lei shields may be more appropriate where selective 
shielding of certain areas Is meets hospital requirements. 

Shield Material.- Optimum shielding capability calls for the selection of materials with the highest 
level of magnetization at the prevail lng fields which may vary from a high of 3000 gauss at the magnet 
surface to a low of 1 gauss In the magnet fringe field. 

Shield Location- In one extreme case the shield Is Integrated with the magnet In a "self-shielded" 
design which Is site Independent. In the other extreme case the magnetic material Is located on a suitable 
wal I and can be asymmetric. Site requirements and restrictions ultimately dictate the location and shape of 
the magnetic shield. 

An example Is given of a self-shielded 1.5T MR magnet under construction. The shield Is close to the 
magnet forming an axi-symmetric structure weighing 21 tons. A second example Is given of a room shield which 
has been built for the San Francisco CMR. The room shield weighs 57 tons and meets more stringent stray 
field requirements than first shield. 

SITING OF NONSUPERCONDUCTIVE MRI SYSTEMS 

Richard Genberg and John Cassesse 

Fonar Corporation, 110 Marcus Drive, Melville, NY 11747 

To date many papers have been presented on the siting requirements of superconductive MRI systems. 
In such installations one must consider the large fringe fields, intolerance to ferrous materials in their 
environment, the necessity for the storage of cryogens, the need for large areas to isolate the system or 
even the construction of a separate building. 

In comparison, the installation of nonsuperconductive MRI scanners avoids most of these complexities. 
Nonsuperconductive MRI scanners of the Fonar design have negligible fringe field. This one feature allows 
this type of system the freedom to be installed almost anywhere, with the permanent magnet system requiring 
less than 1000 square feet. 

Supporting the weight of the magnet is the only special consideration necessary when selecting a site. 
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For a ground floor installation 1.2 inches of concrete are all that is required to install the system. On 
a first floor installation or higher a weight distribution system must be considered and must be designed 
for each location. The permanent magnet is assembled on site making extensive renovation of existing 
facilities unnecessary. Due to a lack of fringe field ordinary structural steel can be used keeping the 
costs down. A typical first floor installation would cost approximately $50,000-75,000. Siting 
requirements for installation of nonsuperconductive MRI scanners will be discussed in detail. 

MOBILE MAGNETS FOR MAGNETIC RESONANCE IMAGING 

W.D. Markiewicz, F.S. Murray, P.A. Jonas, T.R. Farnum, R.F. DiGesare, R.E. Wilcox, C.L. Linkinhoker 

Intermagnetics General Corporation, Guilderland, NY 

It now appears that mobile magnetic resonance imaging units will find an important place in the total installed 
MRI capacity. The reasons for this include the expense of fixed site installations and the desirability to 
remain flexible in the early developments of a major new technology. Initial mobile units have been introduced 
for evaluation and service. It is appropriate to review the design requirements imposed on the MRI magnet 
system in the mobile configuration and to indicate how the mechanical, electrical and cryogenic issues have 
been addressed. A typical magnet operation sequence is described. Possibilities for the future direction of 
refrigeration and magnetic field shielding are indicated. Finally, available initial experience with the 
mobile MRI magnets in service will be reported. 

FRINGE MAGNETIC INDUCTION FOR 0.5T SUPERCONDUCTING MRI IN A MAGNETICALLY SCREENED SITE. 

D.W. Anderson, W.S. Yamanashi and P.D. Lester 
Department of Diagnostic Imaging and Radiation Medicine, City of Faith Medical and Research Center, Tulsa, 
OK 74137-1270 

Algebraic experessions for the magnetic induction in the fringe area around a solenoidal MRI magnet were 
developed for the nonscreened case in the magnetic dipole approximation. 
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In this case Z is the axial coordinate, Z is the magnet half length, R is the coordinate perpendicular to the 
axis and B is the magnetic induction in Ihe bore. Their expressions give results which agree well with values 
on the iso~auss contour paps given by the magnet manufactures1 and shown by other researchers2 as long as 
z>>Z and R>>Z • To evaluate the effect of the screening (5/8" steel plate) used on the sidewalls, ceiling 
and ijnder the floor, the fringe magnetic induction was carefully measured and results compared with the non­
screened values obtained using the above equations. The effect of the screening was to move the 10 gauss 
line and the 5 gauss line appreciably closer to the magnet at the lateral sides , This saving in space is 
significant when a previously constructed site in a functioning radiology department is adopted f~r MRI. 
Practical safety consideration at 0.5T central field in this particular setting has been reported • 

1 Oxford Magnet Technology, Magnets in Clinical Use, Onsney Mead, Oxford OX20DX, 1983 , 
2H. Mano, Fringe Magnetic Fields at 0.15, 0.2 and 0.5T for Hospital MRI, Absr. 3rd Annual Meeting. Society 
of Magnetic Resonance in Medicine, August 13-17, New York, 1984, ppo 49D-491. 

3 D.W. Anderson, W.S. Yamanashi, et al, Fringe Magnetic Field Survey of a Hospital MRI Site at 0.5 Central 
Field. Abstro 3rd Annual Meeting.--Society of Magnetic Resonance in Medicine, August 13-17, 19840 pp. 5,6. 


