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MAGNETIC RESONANCE IMAGING ARTIFACTS: MECHANISM AND CLINICAL SIGNIFICANCE

Elizabeth Pusey, M. D.(1), Robert B. Lufkin, M.D.(1), Richard K.J. Brown, M.D.(1), Murray A. Solomon,
M.D. (2), David D. Stark, M.D. (3), William N. Hanafes, M.D. (1)

Dept of Radiologic Sciences, University of California, Los Angeles (1), San Jose Imaging Center (2),
Massachusetts General Hospital {3)

A thorough understanding of artifacts is important to avoid errors in clinical interpretation and
to improve image quality. We will present some of the more reproducible artifacts that occur on
both superconducting and permanent magnet systems. The mechanisms, clinical significance, and
strategies to reduce artifacts will be discussed. Examples will include artifacts due to extrinsic
factors such as patient motion and metallic artifacts (Figure 1). Artifacts specific to the MR
imaging system such as zero line artifacts and chemical shift will be presented. Additionally,
artifacts due to general image processing techniques such as truncation artifact and aliasing will
be discussed.

Figure 1: Distortion of right eye caused by
cobalt bassd eye makeup. A normal MR scan
vas obtained following removal of the make up.

Figure 2: Asymmetric brightness artifact
causing decrease in signal on the right side of
the pelvis. The artifact was caused by filter
bands that were too tight about the signal band.
Asymmetric brightness may cause difficulty in
the evaluation of the femoral head for aseptic
necrosis.
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SHORTENING THE GRADIENT RISE TIME ON A 33CM 2T NMR IMAGING SPECTROMETER
D.J. Jensen, W.W. Brey, P.A. Narayana, V.P. Tong, J.L. Delayre

The University of Texas Health Science Center Houston
Department of Radiology, 6431 Fannin Street, Houston, TX 77030

When a magnetic field gradient is rapidly switched in an MR system, eddy currents form in
the cryostat which decay in a multiexponential fashion characterized by the geometry and the
material properties of the metal. The magnetic field produced by these induced currents is
superimposed upon the field generated by the gradient coils, and thus degrades the overall
gradient rise time. Even more than in standard MR imaging, the problem becomes important in
spectroscopic imaging and Jlocalized spectroscopy experiments. Here, magnetic field
gradients are used for selective excitation or phase encoding while no residual gradient can
be allowed during the data acquisition in order to preserve the spectroscopic information.
Since the spectral width is shorter in these experiments, the acquisition time increases,
and the magnetic field changes can not be neglected within this time window.

The magnetic field due to eddy currents in the cryostat can be compensated at any given
point in the magnet to within a few milliseconds by using an electronic current
compensation. In order to achieve a short gradient rise time over a larger volume, however,
the magnet structure and the gradient coil system have to be perfectly symmetrical and
concentric. This condition is not easily met by horizontal bore magnets. We describe a
method to reduce the gradient rise time over a larger volume for the case of slight
asymmetry.

Since our magnet is equipped with a fiberglass bore tube, eddy currents are mainly
generated in the low temperature shield. Fig.l shows a plot of gradient rise curves for one
of the transverse gradient coils in our 33cm 2T horizontal bore magnet. For these
measurements, the induced voltage in a pickup coil was integrated by an analog integrator
and displayed as a function of time. Individual curves in the plot correspond to different
positions of measurement along the vertical axis. At the geometric center of the gradient
coil system (position 0"), a decaying eddy current field remains. This component of the
eddy current field vanishes approximately 3/16" upwards. The finding indicates that the
axis of the gradient coil system and the axis of the low temperature shield are apart by
about 3/16".

Since physical repositioning of the gradient coil system was not a feasible solution on

our system, we chose to move the geometric center of compensation electronically.
Consequently, the gradient rise time was reduced to within one millisecond over a volume of
approximately 10cm *10cm *10cm. The result is shown in Fig.2.
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TECHNICAL ARTIFACTS IN MAGNETIC RESONANCE IMAGES AND THEIR REDUCTION
D.J. Jensen, V.P. Tong, W.W. Brey, P.A. Narayana, J.L. Delayre

The University of Texas Health Science Center Houston
Department of Radiology, 6431 Fannin Street, Houston, TX 77030

During the course of implemention of the two-dimensional spin warp imaging technique on the
magnetic resonance imaging spectrometer developed in our laboratory, numerous technical
artifacts were encountered, investigated and removed. We would like to present a summary of
them, their origins and means of reduction.

Fig.l shows an image example with two major artifacts. The scan represents a coronal
slice through the head of a normal monkey acquired with a spin echo sequence
(TE=14ms/TR=800ms/2mm) . The RF coil was a 6" slotted tube resonator operating at 85 MHz.

The image shows a severe interference pattern including very high intensity areas on
the horizontal image axis. The reason for their appearance is RF field inhomogeneity. To
reduce this problem, the phase of the 180 degree pulse is cycled between experiments.
Remainders of the interference pattern are moved to the outskirts of the image by changing
the phase of the selective 90 degree pulse by 180 degrees from scan to scan. This phase
alternation results in an additional 180 degree phase shift between consecutive echoes in
the direction of the phase encoding gradient whereas the sign of the interfering signal
remains unchanged. The Fourier transform along this axis, therefore, yields a shift of the
object about half the spectral width but leaves the projection of the interfering signal in
the image center. Swapping the two halves of the image, returns the object and banishes the
interference to the periphery.

The second dominant artifact in the image is a stripe through the vertical image
center. The reason is a remaining DC component in the acquired time signal which occurs
despite the use of quadrature phase detection and a CYCLOPS sequence. Instead of performing
a baseline offset correction on individual echoes, the same correction is applied to the
entire data array. With a 180 degree phase shift of the selective pulse between scans,
residual signal is moved to the periphery as described above. Further reduction is achieved
when a second baseline offset correction is performed on the center line in the direction of
the phase encoding gradient after the Fourier transform in the first dimension.

Fig.2 shows a coronal section through the head of a normal cat (TE=30ms/TR=500ms/6mm) .
The image was acquired using the same.RF coil as before. The imaging sequence, however, and

the data processing were modified as described. Both artifacts are eliminated. Only the
well known chemical shift artifact remains.

Fig. 1 Fig. 2
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MAGNETIC RESONANCE IMAGING OF BREAST AND AXILLARY TISSUE AT 0.6 TESLA: A CORRELATION OF SIGNAL
INTENSITIES AND RELAXATION TIMES WITH PATHOLOGICAL FINDINGS

Charles W. Merten, M.D., Alexander Chako, M.D., Jonathan I. Wiener, M.D., Stanley Gross, M.D.
Edward L. Coffey, M.D., Alan Wecksell, M.D., Harry L. Stein, M.D.

From the Departments of Radiology and Pathology, North Shore University Hospital, Manhasset, New
York, and the Departments of Radiology and Pathology, Cornell University Medical College, New York,
New York

A series of both preoperative breast lesions and tissue specimens were examined at 0.6 Tesla utilizing
various pulses including both Ty and T2 weighted sequences and combinations to investigate the relative
efficacy of each in the detection and differentiation of specific benign and malignant processes.

Examples of disease including carcinoma, fibroadenoma, benign fibrocystic disease, cystosarcoma phylloides
and hemorrhage in preoperative breasts, as well as axillary nodal processes including metastases, infarct
and reactive hyperplasia are depicted to illustrate the effect of T1 and T2 weighting. Correlative
mammograms and histological sections are also included to illustrate the influence of collagen and cellular
content of lesions on MRI images and the contribution of MRiI to assessment of extent of disease.

THERMAL RESPONSES TO DIFFERENT LEVELS OF RADIOFREQUENCY POWER DEPOSITION DURING CLINICAL MAGNETIC RESONANCE
IMAGING AT 1.5 TESLA.

Frank G. Shellock, Ph.D.; Daniel J. Schaefer, Ph.D.%*; and John V. Crues, M.D.

Division of Cardiology, Department of Medicine and Division of Magnetic Resonance Imaging, Department of
Diagnostic Radiology. Cedars-Sinai Medical Center and UCLA School of Medicine, Los Angeles, CA 90048
#General Electric Company, Medical Systems Group, Milwaukee, WI 53201

In order to operate magnetic resonance (MR) imaging devices as a "nonsignificant risk" to patients, cur-
rent U.S. Food and Drug Administration guidelines recommend limiting the radiofrequency (RF) power deposition
to a specific absorption rate (SAR) of 0.4 W/kg averaged over the whole body. To characterize the thermal
responses associated with MR imaging, we evaluated the temperature changes produced by three different
specific absorption rates: brain scans - 0.06 W/kg (Group 1I), knee scans - 0.41 W/kg (Group II), and lumbar
spine scans - 0.70 W/kg (Group III). A 1.5 Tesla superconducting magnet operated at 64 MHz for proton
imaging was used in this study (Signa MR System, General Electric Company, Milwaukee, WI). Body temperature
(Tb) was measured with an electronic thermometer (Mark X, Electromedics, Englewood, C0) placed in the sublin-
gual pocket. Skin temperatures were obtained with a non-contact infrared thermometer (Meditherm, Everest
Interscience, Tustin, CA) from the following sites: forehead (Tfh), forearm (Tfa), and the positioning
isocenter (Ti; outer canthus for brain scans, mid-patella for knee scans, umbilicus for lumbar spine scans).
Ambient conditions were room temperature 20-24°C, relative humidity 40-50%. All measurements were obtained
immediately before and after the MR scans.

Results are:

™ (°C) teh (°C) tra (°C) i Co)
GROUP I Pre MRI 36.6+0.3 32.440.6 30.7+0.6 31.740.8
(N=8) Post MRI 36.6+0.2 32.940.2% 30.70.8 32.8+0.3%
GROUP 1I Pre MRI 36.6+0.3 33.040.6 30.5:0.9 30.121.2
(N=T7) Post MRI 36.6+0.2 33.0%0.5 31.0+0.8 30.4%1.5
GROUP III Pre MRI 36.6+0.1 32.2+0.8 31.0+0.4 33.54+0.6
(N=6) Post MRI 36.8+0.1% 32.2%1.0 31.3%0.6 34.1%0.8%

(values are mean+SD, ¥p<0.05, Pre compared to Post MRI).

There was a significant increase in Tb related to MR imaging above the advised SAR, however, this temper-
ature elevation was not considered to be of physiological importance. Skin temperatures increased signifi-
cantly during the brain and lumbar spine scans, but these temperature alterations were also minimal. We
conclude that, at the specific absorption rates we studied, there are slight increases in body and skin tem-
peratures produced by clinical MR imaging that do not appear to be detrimental to patient health.



POSTER ABSTRACTS: GENERAL 95

CHANGES IN CORNEAL TEMPERATURE ASSOCIATED WITH HIGH-FIELD (1.5 TESLA) MAGNETIC RESONANCE IMAGING: EXPERIENCE
IN 118 PATIENTS.

Frank G. Shellock, Ph.D. and John V. Crues, M.D.

Division of Cardiology, Department of Medicine and Division of Magnetic Resonance Imaging, Department of
Diagnostic Radiology. Cedars-Sinai Medical Center and UCLA School of Medicine, Los Angeles, CA 90048

Radiofrequency (RF) pulses are required for magnetic resonance (MR) proton imaging and the frequency of
these pulses are directly proportional to the static magnetic field strength. Exposure to RF power is known
to increase tissue temperatures and may be harmful to thermally sensitive tissues. The eye is particularly
susceptible to thermal damage, therefore, the purpose of this investigation was to determine the temperature
effects of high-field MR imaging on corneal temperature. A 1.5 Tesla superconducting magnet was used in this
investigation (Signa MR System, General Electric Company, Milwaukee, WI). A total of 118 patients were
studied: 52 males, 66 females, average age 44 years, range 10-87 years old. Corneal temperatures were mea-
sured with a non-invasive infrared thermometer (Meditherm, Everest Interscience, Tustin, CA) with a spot size
setting of 5 mm (1). Ambient conditions were room temperature 20—24°C and relative humidity of 40-50%.
Temperature measurements were obtained immediately before and after MR imaging. The MR scans were obtained
for diagnostic purposes, using conventional RF pulse sequences. The estimated average whole body specific
absorption rate ranged from 0.06 W/kg to 1.81 W/kg (U.S. FDA advises an analysis of health effects if RF
deposition is greater than an SAR of 0.4 W/kg). The average corneal temperature increased from 32.7+0.7 C
to 3 .1:0.6°C (p<0.001). The largest change in corneal temperature was 3.0°C and no temperature exceeded
34.8°C. We conclude that MR imaging significantly increases corneal temperature in patients undergoing clin-
ical scans, however, this temperature elevation is far below the threshold for producing thermally-induced
damage (2).

1o Shellock FG, Riedinger MS, Adler L: Measurement of corneal and supra-orbital temperatures using a
portable infrared thermometer. Clinical Research 32:32A, 1984.

2. Elder JA: Special senses. 1In, Biological Effects of Radiofrequency Radiation. EPA-600/8-83-026F,
pp. 5-64 to 5-69, 1984,

EVALUATION OF THYROID MASSES BY MAGNETIC RESONANCE IMAGING

S.A. Kroop*, D. Margouleff#¥*, |, Zanzi**, M, Susin***  M,A, Goldman* and H.L. Stein¥

From the Departments of Radiology¥, Medicine** and Pathology#%*, North Shore University Hospital,
Manhasset, New York and the Departments of Radiology, Medicine and Pathology, Cornell University
Medical College, New York, New York

Twenty patients with palpable thyroid masses were prospectively evaluated by nuclear medicine, high
resolution real-time ultrasound and magnetic resonance imaging (MRI) techniques. All MRl studies were
performed with a 0.6 Tesla superconducting magnet utilizing whole body or surface coils and T and T2
weighted spin echo and inversion recovery pulse sequences in coronal, transverse and sagittal planes.
Diagnoses were established by surgery (n=18) or by radiologic/clinical correlation and follow-up of at
least 12 months (n=2). There were 6 cases of solitary adenoma, 8 cases of multinodular adenomatous
goiter, 3 cases of papillary carcinoma, 2 cases of follicular carcinoma and 1 case of epidermoid
carcinoma. MRl detected all lesions. Solitary adenomas were round somewhat inhomogeneous lesions with
relatively smooth sharply defined margins demonstrating variable signal intensity on Ty weighted images
and high signal intensity on Tz weighted images. Adenomatous goiters were characterized by gland
enlargement, heterogeneity, and by multiple nodules of relatively low signal intensity on Ty weighted
images and high signal intensity on Ty weighted images. All malignancies were lobulated heterogeneous
masses of relatively low signal intensity on T{ weighted images and high signal intensity on T, weighted
images. MRI was useful in depicting lesion margin, lesion extent, tissue heterogeneity, cystic and
hemorrhagic regions, cervical lymphadenopathy, invasion or compression of adjacent anatomic structures
and additional non-palpable thyroid nodules. Qualitative assessment of MRI signal intensity was not
lesion specific with regard to pathologic diagnosis.
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MRI OF GYNECOLOGIC LESIONS
Marcia C. Fishman1, M.D., Harry L. Stein1, M.D., and John L. Lovecchioz, M.D.

Departments of Radiology1 and Obstetrics and Gynecologyz, North Shore University
Hospital, Cornell Medical College, Manhasset, New York.

One hundred fifty magnetic resonance imaging scans of the pelvis were performed for a
variety of gynecologic lesions on a 0,6 tesla superconducting magnet using both T1 and T2
weighted 2D spin echo technique. Results were compared to computed tomography, cliniecal
staging and surgical findings. MRI was useful to provide not only anatomic but also
diagnostic information in evaluating a wide variety of gynecologic neoplasms. The
characteristic appearances of the lesions are discussed and reviewed by anatomic
location,

(Poster Presentation,
2 viewing surfaces needed,
lighted viewboxes)

IN — VIVO PROTON SPIN LATTICE RELAXATION TIMES IN NORMAL AND DYSTROPHIC MUSCLES
P.A.Narayana, J.L.Delayre and L.K.Misra

Department of Radiology, University of Texas Medical School and Department of Physiology and Molecular
Biophysics, Baylor College of Medicine,Houston, Texas 77030

Nuclear Magnetic Resonance (NMR) spectrum of tissue protons generally exhibits two chemically
shifted 1lines originating from water and lipid molecules. Tissue characterization based on spin lattice
relaxation times (T1), therefore, requires the determination of Tl values separately for these two types
of protons. However, most of the reported T1 values were measured in a relatively low resolution mode.
These relaxation times, therefore, represent neither the water protons nor the lipid protons alone but
depend on their relative concentrations. This is particularly true in dystrophy as lipids are known to
accumulate in the affected muscles(l). In this work, we report the in-vivo Tl measurements of both water
and lipid protons in normal and dystrophic pectoralis major muscle in a chicken animal model. This
muscle is known to undergo severe degenerative changes with the disease progression.

Four day - to sixty day - old New Hampshire chicks of line 412(normal) and line 413(dystrophic) were
used in these studies. The chicks were anesthetized by sodium pentabarbitol(I/V 8 to 12 mg/Kg). Twelve
chicks were used in each age group ( six normals and six dystrophic). All the NMR measurements were made
on a 2T MMR Imager/Spectrometer described elsewhere(2). The magnet has a 25cm clear horizontal bore.
The Tl values were measured with a 1" flat circular coil placed directly on the pectoralis major muscle.
A 2 §-TI - 8 pulse sequence was used(3). The accuracy of this method was verified by using inversion
recovery sequence with separate transmitter and receiver coils. A 5" slotted tube resonator was used as
a transmitter coil to provide uniform excitation over the whole sample volume. The receiver coil was a
1" flat circular coil. MR images were used to ascertain that the received signal originated only f£rom
the pectoralis major muscle. Good agreement was obtained in the Tl values determined by these two
methods. The measured Tl values are shown in Table I. No lipid signal was observed in the 4 day - old
chicks and so only their water Tl was reported.

These results indicate that 1) in normal muscles the T1 values of water protons decrease with age
while the Tl wvalues for lipid protons increase, 2) in the dystrophic muscles the value of Tl for water
protons does not change with age and 3) the T1 behaviour of 1lipid protons in normal and dystrophic
muscles is similar. These results suggest that the measured in-vitro diifferences in the global proton
relaxation times between normal and dystrophic muscles(4) reflect the changes in water proton
concentration and/or enviromment. The water proton Tl values of dystrophic muscles at all ages studied
are similar to those of the 4 day old normal muscles suggesting a failure of maturation process in the
dystrophic muscles.
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Table I

Tl values of normal and dystrophic pectoralis major muscles at different ages.

Normal Dystrophic

Age T1 (water) Tl (1lipid) T1 (water) T1 (1ipid)
(days) (ms) (ms)

4 1500+/-200 - 1300+/-150 -

14 1190+/-150 500+/-60 1450+/-160 500+/-60
40 1150+/-120 700+/~70 1500+/-180 600+/-70
60 1150+/-130 800+/-80 1400+/-150 900+/-100

Refeferences

1. Newman,R.J. et al, Br. Med. J. 284, 1072-1074(1982)

2. Delayre,J.L., Jensen,D.J., Brey.W.W., Tong.V and Narayana,P.A., Soc. Mag. Reson. BAbstracts
187-189(1984)

3. Evelhoch,J.L. and Ackemman,J.J.B., J. Mag. reson. 53, 52-64 (1983)

4. Misra,L.K.,Narayana,P.A., Beall,P.T. and Hazlewood,C.F., Mag. Res. Med. 1, 205-206(1984)

DETAIL VISIBILITY ENHANCEMENT IN SURFACE CCIL IMAGES
Noever, T., Eisner, RL., Sprawls, P., Coumans, JJ., floffman, JC

Department of Radiology, Emory University
School of Medicine, Atlanta, GA 30322

Surface coils have proved to be useful for obtaining increased signal to noise and
spatial resoclution in magnetic rescnance imaging. The improved image quality results
from the surface coil’s smaller sensitive area and reduced noise pickup when compared to
coils encircling large body sections.

The advantage of the surface coil is partially offset by a significant variation in
coil sensitivity over the imaged area which produces a large dynamic range in the image
intensity data.

The use of conventional grey-scale manipulation technigques cannot provide
simultaneous visibility of anatomical detail in both the areas of high and low image
intensity. For example, the surface coil image in Fig. 1 (left) shows the signal from
fat to be high, and the lower signal region adjacent to it to be poorly visualized.
Using operator-interactive window-level controls can provide more contrast and enhanced
visibility of detail in the lower signal areas but only with a concomitant loss of
contrast in the high signal areas.

The following approaches have been investigated and used to overcome this problem:

1) Global contrast enhancement: .

Non-linear image-to-display transfer functions (maps) are used to enhance,
globally, the contrast of the iower intensity ranges while decreasing that of the higher
anes. These maps_are logarithmic functions of the type:

D=a# log MI) + b :

where D is the displayed intensity, I is the image intensity, a and b are scale and
offset factors, respectively, and n may assume any integral value greater than zero.
Note that as n increases the map appreaches that of the conventional linear form.

HWe found that the optimal value of the parameter n is dependent on the exact type
of surface coil image under consideration. An example is shown in Fig. 1 (right) where
the contrast and resulting image guality of the spine surface coil image is ’
significantly enhanced using b=C and n=3.

2) Regional contrast enhancement:

An image containing only large-area contrast is generated by digitally blurring the
original reconstructed image (R). The blurred image (B) exhibits intensity variations
that closely relate to coil sensitivity but contain no small-scale detail. An enhanced
image (E) is obtained by scaling each pixel in R by either of two parameters:
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E=R-a#*8B 1)

or E = a % R/{B + b) (2)

Where "a" is a scaling factor, and "b" is a parameter which controls the degree of
enhancement in eg. (2). A fourth parameter is the relative amount of blurring required

to produce image B.

The specific image processing algorithm and parameter values are selected to
cptimize detail visibility is the various surface coil applications. Frotocols are
established for the routine processing of clinical images.

3

Figure 1. Conventional MRI display (left) and processed image display showing increased
visibility of detail throughcout image area (right).

POSTER AND PRESENTATION
THE ROLE OF MRI IN THE MANAGEMENT OF INTRACRANIAL ANEURYSMS

M.H. Johnson, M.D., G.J. DeFilipp, M.D., R.H. Rosenwasser, M.D., T.H. Liu, M.D., C.G. Drake, M.D.,

A.J. Macones, Jr., M.D., W.A. Buchheit,.D., and J.A. Kenning, M.D.
Temple University Hospital

The Role of MRI in the Management of Intracranial Anerysms

The definitive imaging modality for the evaluation and follow-up of intracranial aneurysms and vascular
malformations has remained arteriography despite the advent of newer modalities for intracranial imaging.
CT scanning has been adjunctive in management as it is capable of demonstrating aneurysms plus associated
hemorrhage and intramural calcifications. We have found MRI with its capacity to demonstrate differences
between flowing blood and thrombus as signal intensity differences to be useful in the evaluation and follow-
up of certain vascular lesions, Imaging on all cases was performed on a Fonar 0.3 Tesla Mobile MRI unit.

An illustrative case is presented in Figures 1 and 2. The patient was a thirty-eight year old man with
ataxia. A CT scan demonstrated a giant basilar trunk aneurysm confirmed by angiography. MRI (Figure 1)
with a spin echo sequence of TE 56, TR 2000 demonstrated the aneurysm with a thick wall and central flow.
Surgical exploration was performed and a Drake tourniquet placed on the proximal basilar artery creating
an angiographically confirmed 90% basilar artery stenosis. Repeat MRI (Figure 2) the same spine echo
sequence demonstrates almost complete thrombosis of the lesion with only a small residual lumen.

The capacity of MRI to demonstrate thrombosis is particularly useful in the giant aneurysm situation
where an attempt to induce thrombosis rather than clipping is the therapy of choice. Similar results
have been identified in a case where arteriographic balloon occluston of the carotid was utilized for the
promotion of thrombosis in a non-clippable carotid cavernous aneurysm,

In patients with associated AVM's and aneurysms which have hemorrhaged, MRI 1s useful in the evaluation
of thrombosis within the aneurysmal component, the usual site of bleeding, 1In the more usual saccular
aneurysms, MRI may demonstrate both the aneurysm and the presence of complete or incomplete thrombosis
post hemorrhage. We are currently prospectively evaluating our patient population with documented
subarachnoid hemorrhage and negative arteriography to evaluate our capacity fordemonstrate thrombosed
aneurysms which thrombosed after hemorrhage.
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1.5 T MRI OF MUSCULOSKELETAL TUMORS
D. L. Burk, Jr., M.D., E. Kanal, M.D., J. A. Brunberg, M.D., M. A. Goodman, M.D., and G. L. Wolf, Ph.D., M.D.
Pittsburgh NMR Institute and the Departments of Radiology and Orthopedic Surgery, University of Pittsburgh

CT plays an important role in the diagnosis and staging of musculoskeletal tumors, but MRI offers several
significant advantages. MRI can provide superior soft tissue and marrow contrast and direct multiplanar
images are routinely obtainable. Previous MRI studies have utilized low field strength magnets with limited
spatial resolution. High field systems provide increased resolution and improved signal-to-noise ratios
with the potential for hydrogen and phosphorus spectroscopy. Using a 1.5 T scanner, we have imaged 30
patients with a variety of benign and malignant tumors. Pulsing sequences (TR/TE) were used with Tl
weighting (600 msec/25 msec) for marrow pathology and T2 weighting (2000 msec/25, 50, 75, 100 msec) for soft
tissue pathology. A rim of decreased signal intensity was often seen between benign lesions and normal
marrow corresponding to reactive bone formation. MRI was superior to CT in demonstrating extension of tumor
across growth plates and in defining the relationship of tumors to vessels and joints. Postoperative MRI
studies showed less artifact from metallic implants than CT in the evaluation of tumor recurrence. Although
calcification could not be readily identified on MRI, fat and hemorrhage could often be specifically
characterized.

NON-ANGIOGRAPHIC IMAGING OF THE PULMONARY ARTERIES: CT AND MR IMAGING
Conces DJ, Tarver RD, Augustyn GT

Indiana University Medical Center, Indianapolis, Indiana

The central pulmonary arteries may be involved by a variety of disease processes. Plain film
radiography provides limited information on the involvement of the central pulmonary arteries by
disease. Traditionally pulmonary angiography was used to evaluate both intrinsic and extrinsic
disease processes involving these vessels. Computed tomography (CT) and magnetic resonance (MR)
imaging provide additional methods of studying the central pulmonary arteries without resorting
to anglography. A series of 21 patients with pathologic conditions involving the pulmonary
arteries were studied with both CT and MR imaging. CT and MR imaging demonstrated the pathology
involving the vessels in all cases. MR imaging better demonstrated the pathology or identified
additional findings in 9 patients. Coronal MR images, which were done on all patients, provided
unique information not seen on either CT or transverse MR images in 3 patients. Both CT and MR
imaging are useful modalities with which to evaluate the central pulmonary arteries. MR imaging
was better able to delineate the extent of disease involving the pulmonary arteries than was CT.

MRI OF THE MEDIASTINUM FOR DETECTION OF THYMOMA IN PATIENTS WITH MYASTHENIA GRAVIS
Poonam Batra, M.D., Christian Herrman, M.D., John Keesey, M.D., Donald Mulder, M.D.
UCLA, Center for Health Sciences, Dept. of Radiological Sciences, Los Angeles, CA. 90024

MRI of the mediastinum was performed in 14 patients with _.myasthenia gravis,
(10 females, 4 males of age 11-69 years) for the detection of thymoma after obtaining
chest radiographs and computed tomograms (CT). Using a 0.3 Tesla Fonar permanent
magnet imaging system the images were obtained by T; weighted spin echo technique
(TR 500, TE 28). Tj weighted images were obtained in 8 patients (TR1500-2000, TE56.)
All images were obtained in axial plane, 11 in sagittal and 3 in coronal.

Chest radiographs (posteroanterior and lateral views) detected an anterior
mediastinal mass in 2 patients, and diffuse widening of superior mediastinum in one.
10 patients had a positive CT scan (e.g. a nonfat density in anterior mediastinum)
and lipomatosis in one. Calcifications not seen on radlographs, was present in one.

On T; weighted MRI the signal intensity of the lesion was less than the
surrounding fat in 8 and equivalent to fat in 2. In 2 cases a small amount of thymic
tissue (1 cm and 1.5 ecm) easily seen on CT was indistinguishable from mediastinal
fat on T, weighted images. Marked increase in signal intensity relative to fat,

occurred on all Ty weighted images. Calcifications were not visualized due to lack
of signal.

Nine patients underwent thymectomy. One proved to have invasive thymoma, 1
encapsulated thymoma, 5 hyperplasia and 2 a normal gland. Both cases of thymoma were
accurately diagnosed by CT and MRI but thymic hyperplasia and normal gland are
histologic diagnosis and could not be distinguished by either CT or MRI.
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MRI AND CT OF CRYPTIC STRUCTURAL LESIONS IN REFRACTORY PARTIAL EPILEPSY

Ormson, Mark J., Kispert, David B., Sharbrough, Frank W., Houser, 0. Wayne, Earmest, Franklin, IV, Scheithauer,
Bernd W., Laws, Edward R., Jr.

Mayo Clinic and Mayo Foundation, Rochester, Minnesota.

Contrast-enhanced computed tomography (CT) and T2-weighted spin-echo magnetic resonance imaging (MRI) scans
were correlated with the pathologic findings in 25 patients treated surgically for refractory partial epilepsy.
Of 12 pathologic lesions present, MRI detected 10 (83%) and CT detected 7 (58%). Of 9 low-grade gliomas, MRI
detected 8 and CT detected 4. A post-traumatic scar (1 patient) and temporal lobe atrophy (1 patient) were
better demonstrated by MRI. A small thrombosed arteriovenous malformation was the only lesion detected by CT
but not MRI. Both MRI and CT were negative in 13 patients who had only mild gliosis pathologically and in I
patient with a l.2-cm grade 1 astrocytoma. Although more sensitive than CT for detection of structural lesions
in patients with refractory partial epilepsy, MRI gave a 25% false-negative rate with a TE60 TR2000 pulse
sequence. Therefore, multiecho imaging with at least one long echo time may be needed to increase MRI
sensitivity in these patients.
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A COMPARISON OF FAST ACQUISITION MODES IN MRI.

M L Gyngell, G L Nayler, N Palmer, M Paley

Advanced Development Group
Picker International Ltd

P O Box No 2, East Lane
Wembley, Middx, UK

HA9 7PR

The use of fast acquisition techniques in NMR Imaging offer the clinical advantage
of increased patient throughput, improved patient comfort, and a reduction in
motion related image artefacts.

Fast scan methods may be broadly split into two categories. Category 1 fast scans
attempt to cover more of k-space in each acquired FID or spin echo than conventional
scans which cover only one 'line' of k-space per view. The limiting case of this is
EPI where the 'whole' of k-space is scanned in a single FID. Category 1 fast scans
suffer from poor signal to noise due to wide acquisition bandwidths, they can,
however, be applied to conventional sequences such as SE and IR, thus preserving
their contrasts. Hybrid occupies a position midway between conventional scanning and
EPI offering SNRs comparable to normal scans combined with reduced scan times.

The second approach (Category 2) is simply to repeat a sequence as fast as possible.
However, this alters image contrast, but good SNR's and resolution can be achieved.
One such method is the recently described FLASH technique which uses a very rapid
FID sequence with low angle ( 10°) RF pulses.

The Category 1 methods are extremely demanding in terms of the scanner hardware. They
require very high gradient strength, good field homogeneity and generally high system
specification and also require careful calibration. The Category 2 methods are

better suited to routine application and can be implemented easily without increased
hardware demands.

A number of gradient strategies have been investigated for application to the
Category 2 approach. It has been possible to produce good head and body images with
good resolution, with only a small loss in SNR, in as little as 10 seconds for a

256 x 256 data matrix with single acquisition. This enables a body scan to be taken
in a single breath hold resulting in image free of motion artefacts.

The following images were taken with a standard Picker 0.5 Tesla Imaging System,
both are 256 x 256 images of 2 acquisition per view, the total scan time was
20 seconds for each image.
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ARTIFACT-FREE MULTIPLE-ECHO IMAGING IN A SINGLE ACQUISITION
D. Lampman and M. Morich
Picker International, Cleveland, Ohio

Multiple echo imaging techniques offer a number of important advantages over single-echo techniques.
These advantages include; obtaining a range of T2 contrast images from a single scan, flow imaging, and fast
scan techniques. Unfortunately, multiple echo imaging is more susceptible to artifacts due to the increased
number of RF pulses involved.

These artifacts may be grouped into three categories:

1) Stimulated Hahn echoes due to refocusing of transverse magnetization from imperfect T pulses (1).

2) Transverse magnetization immediately following imperfect T pulses ("out-of-slice” signal).

3) Steady-state magnetization due to incomplete T2 decay between repetitions.

A commonly used technique to eliminate or reduce these spurious signals is by phase cycling the RF so
that unwanted components cancel when averaged together (2,3). However, the requirement of averaging increases
the scan time by a factor of N, where N is the number of phase cycles required.

An alternative to phase cycling is to utilize gradient pulses to selectively dephase the unwanted
signals while retaining the refocusing of the primary echoes (4,5). However, in order to do this properly with
multiple echoes, one must determine the effective flip angles undergone by the magnetization giving rise to
the stimulated echoes. These effective flip angles dictate limitations on the symmetry of the dephasing
gradients.

We have developed an experimental technique which allows determination of the effective flip angles
undergone by the magnetization which appears as stimulated echoes. The technique involves moving the phase
encoding gradient to different times in the sequence to determine when this magnetization is in the XY plane,
Given this, we have been able to construct appropriate gradient profiles which maximize
dephasing of stimulated echoes and out-of-slice signal while still refocusing the primary echo. Figure 1
shows the sequence used for a 4-echo multi-slice sequence.

The third source of artifacts, steady-state magnetization between repetitions, is not amenable to the
dephasing techniques described above. However, these artifacts are easily eliminated by the appropriate choice
of a spoiler gradient at the end of the sequence.

Using these techniques, we have successfully obtained artifact-free, multi-slice, multi-echo images in a
single acquisition (Fig. 2).

REFERENCES:

1)E.L. Hahn, Phys. Rev., 80:580, 1950.

2)D.I. Hoult, R.E. Richards, Proc. R. Soc. Lond. A., 344:311-340, 1975.
3)D.M. Kramer, J.B. Murdoch, L.M. Strenk, SMRM 4th Annual Meeting, 1985.
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Fig. 2 - 4 echo head images (TEs 40/80/120/160)

FAST HYBRID 3D IMAGING BY SMALL TIP ANGLE EXCITATION
0. Nalcioglu, Z.H. Cho, S.Y. Lee, G. Kashmar and C.B. Ahn
Division of Physics and Engineering, Dept. of Radiological Sciences, University of California-Irvine

We have previously reported a volume imaging method, called the hybrid 3D technique, which combines 2D
echo planar method with Fourier imaging. The current work extends the hybrid concept by using the small tip
angle excitation technique and homospoiler pulses prior to re-excitation to erase any residual phase memory.
The pulse diagram is shown in Figure 1. After a 3D volume is excited by a non-selective a-degree RF pulse
the FID signal is encoded in the y-direction with a y-gradient. Subsequently, a sinusoidal x-gradient along
with a half-rectified sinusoidal z-gradient are applied to generate the echo planar FID signal. At the end
of data collection for a given Gy value, homospoiler pulses are applied to prepare the system for the next RF
sequence. The three dimensional” volume is reconstructed by applying echo planar reconstruction technique to

each Gy (or ) plane. The final image is obtained by performing a one dimensional Fourier transform over
Gy(or y) for all (x,z) coordinate pairs. It can be shown that the reconstructed image is given by
I(x,y,2) = p(x,y,2) Sina{l-E, (tp) }/{l—Oosoc.El(tR)} (1)

where p density, o tip angle and Ej(tg)=exp(-tr/T1(x,y,z)) with tg the repetition time.

In order to appreciate the advantage of the new technique we will compare it with the time multiplexed
2D technique in which the time spent waiting for the magnetization to relax within a slice is used to excite
other parallel slices within the volume. The maximum number of slices which can be collected by this tech-
nique is Ny=tp/Tpax where tr is the repetition time and Tpax the maximum time required for the encoding
and readout. Even though the time multiplexed 2D technique ultimately provides a 3D image, the inherent
contrast to noise ratio (CNR) within each slice is low due to the fact that a single slice is excited at any
given time. In contrast, the hybrid 3D method excites N, slices simultaneously (volume excitation). Thus
improving the CNR by a factor of W, . We will now compare the hybrid 3D technique using small tip angle
excitation and time multiplexed 2D method using saturation recovery for equal number of slices with the same
slice thickness. This will be done in terms of a figure of merit (FOM) per slice which is defined by

FOM = ONR (hybrid 3D)/CNR(time multiplexed 2D) (2)

where CNR is the contrast to noise ratio for a given technique. Using egs(l) and (2), the FOM is found to be

FaM = £(A,B,t,0) N, /g(3,B,t,)) 3
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whgre g(A,B,t2) = G(A)-G(B) representing contrast of the multiplexed 2D saturation recovery sequence, with
G(j)= p-(l—Ei(tz)) and j=A,B. 1In eq.(3) f is defined by £(a,B,0,t )=F(A)-F(B) and represents the contrast
in the ﬂybri small tip angle sequence with

F(k) = p, {1-EX(¢;)} Sin a/{l-Cosa. EX(t;)} k=A,B (4)

Py

Figure 2 shows the FOM for gray and white matter as a function of flip angle and number of slices simul-
taneously excited. The employed values were Ti(G)=500msec, Tj(W)=250msec. The spin densities were taken
to be equal. The repetition time for the saturation recovery time multiplexed method was 500msec whereas
for the hybrid technique was S50msec. We observe that as the number of slices increases, the hybrid techni-~
que provides a CNR higher compared to the time multiplexed method. An additional advantage of the hybrid
method lies in its speed which is 10 times faster in the example given above for better CNR and equal spatial
resolution.

We have shown that hybrid 3D imaging with small tip angle excitation offers the possibility of obtain-
ing high resolution multislice information in a shorter data acquisition time. We are in the process of
applying the hybrid technique to phantom and patient studies.
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FLASH MR IMAGING
J. Frahm, A. Haase, D. Matthaei, W. H&nicke, K.D. Merboldt
Max-Planck-Institut fiir biophysikalische Chemie, P.O. Box 2841, D-3400 Gottingen, FRG

FLASH (Fast Low Angle Shot) MR imaging is a new technique for high-quality rapid two- and
three-dimensional MR imaging. The method employs the detection of the free induction decay
(FID) in the form of a gradient echo and takes advantage of excitation pulses with flip
angles of the order of 15°. Thus "repetition times" are reduced to about 10 - 20 msec. Typi-
cal measuring times are 2 sec for a 128 x 128 2D-image and 4 min for a 128 x 128 x 128 3D
data set. The major advantages of the FLASH technique are: (i) a reduction of the measuring
time by a factor of 50 - 100, (ii) a solution for all types of motional artifacts without
the need of gating or triggering, (iii) high signal-to-noise per unit time, (iv) movie
imaging capability for functional MR studies, and (v) rapid isotropic 3D imaging capability
even of the abdomen and thorax. Experiments have been carried out on animals and humans.
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STIMULATED ECHO MR IMAGING
J. Frahm, A. Haase, D. Matthaei, W. H&nicke, K.D. Merboldt
Max-Planck-Institut fir biophysikalische Chemie, P.0. Box 2841, D-3400 G&ttingen, FRG

STEAM (Stimulated Echo Acquisition Mode) MR imaging is a new technique for multi-parametric
MR studies which takes advantage of the properties of the stimulated echo signal. Stimulated
echos are excited by sequence of at least three RF pulses which normally have 90° flip
angles. However, special applications such as T1 imaging may benefit from series of pulses
with even lower flip angles. In general, STEAM MR imaging offers a variety of new imaging
modalities: (i) contiguous multi-slice imaging with arbitrary timings, (ii) continuously
variable T1 contrast independent of TR, (iii) simultaneous recording of a set of images
describing the spin-lattice relaxation behaviour, (iv) multiple chemical shift selective
(CHESS) MR imaging using selective excitation, (v) diffusion imaging, and (vi) flow imaging.
Experiments on normal volunteers and patients have been carried out using a 40 cm 2.3 T
system and a whole-body magnet.

NON ORTHOGONAL MR IMAGING : TECHNIQUES AND CLINICAL APPLICATION
S.D. Mehta, P.P. Price, M.V. Kulkarni

The University of Texas Health Science Center Houston and Vanderbilt University Medical Center

Although different techniques of non orthogonal Magnetic Resonance (MR) Imaging have been described
previously, they frequently involve positioning the patient in oblique position. We have developed
an electronic technique to minimize patient discomfort and provide unlimited non orthogonal planes
of MR Imaging.

A three dimensional model to explain axes of x, y and z gradient was deyeloped. By changing
one or all eular angles, proper non orthogonal plane was acquired. This technique was utilized and
images were acquired in 82 patients with cardiac, spinal and abdominal pathology. This included a
series of 12 patients who underwent post operative evaluation of mustard and sennings procedure.

Non orthogonal MR Images displayed the anatomy regarding myocardial thickness, cardiac chamber
relationships and vascular connection. These ‘images were also useful in obtaining proper cross sec-
tional measurements of vessels at the level of anastomosis. The evaluation of intervertebral discs
and their herniation into the spinal canal was felt to be superior with non orthogonal plane rather
than the conventional transverse plane. This presentation will explain in detail the methods of ob-
taining non orthogonal MR images and technique to minimize errors and artifacts associated with non
orthogonal MR Imaging. Multiple algorithms were developed to obtain proper imaging planes to evalu-
ate specific organ systems and/or disease processes being studied.

Non orthogonal MR Imaging is superior to conventional orthogonal planes in certain situations.
By changing the gradient angles electronically, infinite numbers of imaging planes can be obtained
without patient discomfort. With this technique high quality images were obtained without asso-
ciated artifacts and is particularly well suited for cardiac and lumbosacral spinal imaging in
view of their anatomic orientation.

MAXIMIZING SIGNAL-TO-NOISE AND CONTRAST-TO-NOISE RATIOS IN SPIN-ECHO IMAGING USING NON-
STANDARD FLIP ANGLES

*
Terrence J. Provost, M.S. and R. Edward Hendrick, Ph.D.+

*
NMR Advanced Development Group, Picker Corporation, Highland Heights, OH
Department of Radiology, University of Colorado School of Medicine, Denver, CO

Ernst has shown that the flip angle maximizing the signal-to-noise ratio for a s?rfes of &°
pulses with subsequent free-induction decay measurement is given by cos(e)=e”TR/TL —~ 71+ jg
well-known that the signal-to-noise maximum occurs as © >0 and TR—>0 while satisfying the
above expression. In this work, we consider a generalized spin-echo sequence: e°-TE/2-
180°~TE/2-measurement~T" ... ,where TR=TE+T'. An analytic expression similar to the Ernst
expression is derived for the flip angle maximizing signal-to-noise in generalized spin-echo
imaging, and the degree of improvement of the signal-to-noise ratio over conventional
(6=90°) spin-echo imaging is quantified. Similar results are reported for the improvement
in contrast-to-noise ratios from the generalized spin-echo sequence over that of the
conventional (8=90°) spin-echo sequence. TE, TR, and 6 values that maximize the signal-to-
noise and contast-to-noise ratios in the generlized spin-echo sequence are given in analytic
or parametric form.
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In the generalized %%}%qecho sequence, the lsigngl-to-noise. ratio is maximized'for
TE=TE i, and cos(eo t)=—e' . The improvement in signal-to-noise from the.generallzed
spin-echo sequence over that of the standard (6=90°) sequence for TR fixed is a strong
function of TR/T1 and is essentially independent of TE. For TR/T1=.5, = t=127°, and a 30%
improvement in S/N results. For TR/Tl=l, 6, t=112°' and a 7% improvemént in S/N results.
For TR/T1=3, © t=90°, the generalized seque&%e provides essentially no improvement in
signal-to-noise.” When TR is varied to optimize signal-to-noise in either the generalized or
standard spin-echo cases, then TRo tr eo tr and the degree of improvement all become
functions of TE/T1, with the greatest improvgment occurring for small values of TE L in’ TRopt
in the generalized case shorter than in the standard case, and 6, > 90°.

Contrast-to-noise improvements using the generalized spin—ecﬁo sequence also depend on
TE/T1l. For realistic TE/T1 values, improvement amounts to only a few percent if TR is
optimized separately in the generalized and standard cases. For cases where TR is
constrained, substantial contrast-to-noise improvements can result by choosing eopt> 90°.

1. R.E. Ernst, Rev. Sci. Instr. 37, 93 (1966) . ) ) ) o
2. P. Mansfield and P.G. Morris, Advances in Magnetic Resonance: NMR Imaging in Biomedicine,
New York: Academic Press, 192-4 (1982).

THREE SECOND CLINICAL NMR IMAGES USING A GRADIENT RECALLED ACQUISITION IN A STUDY STATE MODE (GRASS)
J.A. Utz, M.D.1, R.J. Herfkens, M.D.!, G. Glover, Ph.D.2, N. Pelc, Sc.Dn.2

]Departmen; of Radiology, Magnetic Resonance Imaging Section, Duke University Medical Center, Durham, North
Carolina; “General Electric Company, Milwaukee, Wisconsin

One limitation of the application of nuclear magnetic resonance (NMR) to clinical imaging is the prolonged
imaging time required. A number of new imaging techniques have been introduced to shorten this imaging time.
One such technique utilizes an extremely short repetition time (10-20 msec). Since the repetition is much Tess
than the T1 relaxation time of normal tissues, flip angles of less than 90 degrees are utilized to decrease
saturation effects. An echo is generated using gradient reversal and images are acquired with conventional
2DFT spin warp technique. This technique enables the acquisition of 3 second clinical images. A review of 100
"GRASS" images obtained in 18 patients, performed on a 1.5 Tesla superconducting magnet (GE Signa System),
revealed spatial resolution that was equivalent to normal spin echo images obtained at a TR of 500 and a TE of
25 msec. The images were extremely sensitive to blood flow. This sensitivity permitted quick identification
of the vascular nature of indeterminant structures such as varices or aberrant vessels. The differentation of
dilated bile ducts from hepatic or portal veins, both of which may have decreased signal on MR images, was
facilitated. Additionally, the hypervascularity of abdominal masses was accentuated. Contrast resolution
secondary to tissue differences in T1 relaxation times was slightly diminished when a flip angle of 45 degrees
was utilized and the GRASS images were compared to spin echo images utilizing a 90 degree pulse. Motion
related artifacts were enhanced and evaluation of the left lobe of the liver was compromised by artifact from
the pulsatile aorta. The short acquisition times, however, allowed for obtaining images during breath holding
in all patients, thus minimizing respiration related artifacts. The technique was sensitive to field
nonhomogeneity and metallic artifacts were exaggerated.

Two second GRASS images are extremely useful in anatomic localization. The marked flow sensitivity may
assist in the verification of the vascular nature of an area of indeterminant signal intensity as well as in
the evaluation of vascular patency.
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MULTIPLE ANGLE OBLIQUE MAGNETIC RESONANCE IMAGING

S Smith, R Olsen, R Wolf, D Hertz, M Reicher, Flannigan B, Lufkin R

FONAR Corporation(SS,R0,RW ,DH), UCLA School of Medicine( MR ,BF ,RL)

Multiple angle oblique magnetic resonance images were produced on normal volunteers using
multislice 2D-FT spin echio imaging. The technique allows for the chaoice of slice angle and position
individually for each slice in a multi-slice sequence. This was accomplished by apprepriate
adjustment of the slice select RF pulse frequency and the slice select and readout maanetic field
gradienits for each image plane. Multiple angle oblique MRI has potential application in studies of the
lumbar spine, TMJ, orbits, knees, and other regions where non-parallel obligue scanning is
necessary. A practical limitation is that artifacts cccur in the region of intersection of multiple
planes due to lacal changes in effective repetition time.

IMAGING OF SELF-DIFFUSION COEFFICIENT BY NMR
C.B. Ahn, S.Y. Lee, O. Nalcioglu and Z.H. Cho
Division of Physics and Engineering, Dept. of Radiological Sciences, University of California-Irvine

The pulsed field gradient (PFG) technique for measuring coefficient of self-diffusion (D), introduced
by Stejskal and Tanner, provides a simple and effective means for determining D in small samples. The
implementation of the PFG technique for larger objects using an NMR scanner is quite difficult due to
various experimental camplications. In this paper, we report on a new technique in which the length of the
readout gradient is varied for each set of images during data collection. The main advantage of using the
readout gradient for diffusion coding is due to the residual gradient fields which arise from eddy currents.
The residual gradient in the readout direction is easily measurable and can be corrected for by finding the
time position of the echo center, while that in slice selection or coding gradient directions introduces
additional signal attenuation by spin dephasing, from which signal decay by diffusion cannot be distin-
guished. The pulse sequence introduced in this work is shown in Figure 1. It is similar to conventional
two dimensional Fourier imaging except that the duration of the readout gradient is varied to encode dif-
ferent amounts of diffusion attenuation. Note that the time position of echo center is constant thus making
the spin-spin relaxation effects idthical in all experiments. If we denote an image obtained with a spe-
cific diffusion encoding time ty by I"(x,y), it can be shown that the two dimensional diffusion may D(x,y) is
given by,

ln{Ik(x,y)/Io(x,y) }= - D(x,y)Ck (1)
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where Ip is the spin density image without any diffusion effects and

3t ot
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with G| = Gg, Gp=Go and G3=Gg. We can eliminate Ip(x,y) using eq.(l) with two images obtained with dif-
ferrent readout gradient durations. The result is,

In{T™(x,y) /I"(x,9) }= -D(x,y) {Cm -c,} m#n (3)

The above described technique was tested experimentally with a 0.6T whole body NMR scanner with three
orthogonal gradient fields of strength 0.25G/cm. In the experiments a phantom which contained distilled
water, acetone and DMSO in separate campartments was used. The repetition time was taken to be 2 seconds.

Four diffusion coding steps were used, i.e. k=1,2,3. and 4 in eq.(l). Figure 2 shows one of the images. A
two dimensional absolute diffusion map (see Figure 3) was computed using the four images and eq.(3). In
Figure 3, the displayed gray levels are equal to the coefficient of self-diffusion within the slice. The
brightest circular region is acetone. The background area is distilled water. The darker circular region on
the right side is DMSO. The measured diffusion coefficients for the three materials are: D(Hy0)=2.16+ 0.20,
D(Acetone)= 4.4+ 0.26 and D(DMSO)=1.19+ 0.15, all in 10~ cm?/sec. For comparison, the diffusion coef-
ficients for water and acetone measured by others are 2.5x107° and 4.50x10~5 cm?/sec, respectively. Thus,
our results obtained from the two dimensional diffusion map of the phantom agree well with measurements
obtained by other techniques.

We have shown that the new imaging technique is capable of providing accurate diffusion coefficient maps
of materials. It would be interesting to apply this technique to human subjects. Tissue characterization by
diffusion map has hardly been tried in humans but may have a potential in future studies.
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FAST SCAN 2DFT IMAGING AT 0.15T BY FIELD ECHOES AND SMALL PULSE ANGLE EXCITATION.

N.G., Kumar, N. Karstaedt, and P.R. Moran
Department of Radiology, Bowman Gray School of Medicine, Winston-Salem, North Carolina 27103

Many clinical applications of 2DFT MR imaging need very fast scanning time. One of the major limitations is
long relaxation waiting period (TR) between differently phase-encoded data aquisition cycles. By using a
small tip angle (Fig. 1), one can use fast pulse-cycle repetition times and pulse fast without saturat%ng the
NMR signals. The relationship between o (pulse angle or Ernst angle), TR and T; is given by: a = cos ~ [exp
(-TR/T1)1; TR = T; (l-cost). For example, using a 30°rf-pulse (Fig. 1) the detected signal is reduced to sin
(30°) = (0.5) relative to a 90° rf-pulse ( = M, sin o). The magnetization left behind (cos 30°) is 0.87,
hence only 13% of the coherence has been destroyed (M, = My (l-cos @)) and one can pulse six times faster
because smaller TR time is required to reestablish equilibrium along the z-axis. The gain in scan time by a

factor of six can more than offset the loss of signal by a factor of two.
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In 2DFT MRI, spatial information is encoded in terms of frequency in one axis (t ) and in terms of phase
in the other (t;). 1In Fig. 1, selective small angle excitation by (ﬂ/6) pulse (o = 30“) or by (m/4)y rf-
pulse (o = 45°) brings the longitudnal magnetization initially present along the z-axis into the y-axis of
the rotating frame and in the presence of gradient G+ defines a slice in the x-y plane (TRANS image plane;
Figs. 2 and 3). The slice select gradient pulse G+ applied during the rf-pulse has the effect of dephasing
the magnetization. Therefore, a gradient of opposite sign (bipolar) G; is required to rephase the spins
across the thickness of the slice. The spins are dephased along the y direction by G‘ and are rephased by
a readout gradient ¢t giving rise to a field-echo at time TE by gradient-reversal. In order to discriminate
structures in the x-direction, phase-encoding gradient Gy is applied and this sequence is repeated N times
with identical Gy and G, waveforms (N = 128 (Fig. 2); N = 256 rows (Fig. 3)) but the gradient Gy has different
amplitude each time. The individual amplitudes of the Gy phase-encoding pulse vary linearly w1th the sequence
number (N) during the evolution period tj.

The fast scan breast images of a patient, (Figs. 2 and 3; FOV = 350 mm, slice thickness = 10 mm, one
repetition, bandwidth = 10 KHz), were obtained in 12 sec (128 x 128) and 24 sec (256 x 256 resolution) by
using the small tip-angle pulse sequence and gradient-reversal echoes (Fig. 1) at 0.15T (6.3855 MHz) Picker
resistive imaging system. We have shown that 2DFT images of diagnostic quality of a single slice can be
obtained in a time well below the nominal breath-holding limit of 18 sec at 0.15T. The clinical applications
of this (Fig. 1) and other fast scan pulse sequences in the areas of flow and motion, (respiratory, cardiac
etc.), where image quality is limited by slow motion, are under investigation. Low RF energy deposition in
the patient at higher magnetic field is an added advantage of this fast scan pulse technique.
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Fig. 2. 2DFT Trans breast image. 128 x 128, Fig. 3. 2DFT Trans breast image. 256 x 256.
= 100 msec., & = 45°, Total scan time = 12 sec., TR = 100 msec., 0 = 45°, Total scan time = 24
S/N = 9. sec., S/N =










































































































































































































































