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A Simple New Method for Obtaining NMR *H Spectral Images
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The nuclear magnetic resonance (NMR) signal decay produced by
reversible tissue-induced dcphasing of the magnetization compo-
nents in the transverse plane (reversible tissue-induced dephasing)
was measured and expressed as a function of a new transverse
relaxation time Ti (T2prime) for samples of rat liver, retroperito-
neal fat, inflated lung, and corn oil. Simple exponentials did not
adequately describe the observed NMR signal decay. Inflated lung
demonstrated the most rapid signal decay (T2 = 4.8 ms) followed
by retroperitoneal fat (T2 = 16 ms). No reversible tissue-induced
dephasing was observed in liver (T2 immeasurably long). In tissues
which contain both fat and water, the chemically shifted 'H reso-
nance peaks from -OH and -CH- are in phase with symmetric spin
echo sequences but out of phase with asymmetric sequences. The
interference of these two peaks produces a beat pattern with
asymmetric sequences. Subtraction images obtained from paired
symmetric- and asymmetric-sequence images accurately (r = .96)
reflect T2 and can be used to indicate the presence of fat. In vivo
subtraction images of ethionine-induced fatty rat livers were signif-
icantly different from similar in vivo images of normal rat livers (P
< .0005). Since for each pixel of a subtraction image, the magni-
tude ofthe difference signal should be approximately proportional
to the ratio of hydroxyl and alkyl protons, this simple spin echo
sequence modification may obviate the need for more time-
consuming 3-dimensional Fourier transform proton chemical
shift images.
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ifferences inthe longitudinal (Ti)and transverse (T2)

relaxation times account for much of the current
success of nuclear magnetic resonance (NMR) imaging
techniques that distinguish pathologic from normal
tissues.2'1In vivo spcctroscopy provides additional diagnos-
tic information. Images have recently been produced with
such spectral information associated with each pixel, but
the increase in imaging time is significant.5 Wc describe
herein the use of temporally asymmetric spin echo pulse
sequences that produce images containing spectral informa-
tion. Paired symmetric (conventional) and asymmetric images
allow determination of the relative amounts of water and
alkyl protons at each pixel ofan image without the produc-
tion of a complete proton spectrum and the consequent
increase in imaging time.

Transverse or spin-spin relaxation produces a decay in
the observed NMR signal due to dephasing ofthe magneti-
zation components in the transverse or 90° plane. Magnetic
field inhomogeneities and the consequent differences in the
precession frequencies of the nuclei are the cause of the
dephasing. The rate of N M R signal loss due to dephasing of
the transverse magnetization components after a 90° pulse
is described by the time T2* (T2star) and is the summation
of the contributions from all sources of magnetic field
inhomogeneities including those arising from the externally
applied magnetic field and those internal to the sample.
There isa fundamental difference between that part of the
N MR signal loss which is recovered after the application of
a 180° pulse and that part which is not recovered (irrevers-
ibly lost). The transverse relaxation time, T2, describes the
rate of irreversible NMR signal loss. We have recently
reported the observation of tissue-induced static magnetic
field inhomogeneities whose contribution to the total trans-
verse dephasing time constant, T2, is recovered following
the application of a 180° pulse.6 We first observed this
phenomenon in inflated lung tissue, and we hypothesized
that the differing diamagnetic susceptibilities of air and
water result in internal magnetic field inhomogeneities
because of lung air-tissue interfaces.7 We also observed a
recoverable NMR signal loss in fat, but its mechanism was
less clear.6
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In this report, we measure the NMR signal decay due to
reversible tissue-induced dephasing of the magnetization
components in the transverse plane (reversible tissue-
induced dephasing) and describe this signal decay as a
function of time by empirical mathematical expressions.
We call the time characterizing this signal decay Ti (T2
prime; see reference 6 for details). The signal loss character-
ized by these expressions is similar to the signal loss in
liquids arising from inhomogeneities in the external fields in
that both are recoverable in a spin echo. The important
difference is that the decay described herein arises from
internal tissue sources of magnetic field inhomogeneity. We
have observed this signal decay only in inflated lung and in
tissues containing fat. We have taken advantage of this
observation and produced images with marked enhance-
ment of aerated lung and fat by utilizing paired symmetric
and asymmetric spin echo sequences.6’7 We also report
herein the source of recoverable N MR signal loss in fat and
demonstrate its utility in producing images of fatty liver. In
addition, we demonstrate quantitatively that the signal loss
associated with asymmetric spin echo sequences is in fact
another manifestation of reversible tissue-induced dephas-

SYMMETRIC SEQUENCE
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Fig. 1 Symmetric and asymmetric spin echo sequences. Spin
echo occurs when the cross-hatched area under the x-gradient
curve priorto the 180" pulse equals the cross-hatched area after the
180° pulse. Gradients in the y and z directions not shown. A sym-
metric sequence is defined as meeting the condition r = t'. Con-
versely, any sequence where r # t' is asymmetric.
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ing of the magnetization components in the transverse plane
(reversible tissue-induced dephasing).

Methods

NMR images were obtained using a Varian iron core magnet
(12" pole face) modified for small animal imaging. The system
operates at a field of 0.94 Tesla corresponding to a proton reso-
nance of 40 MHz. Room temperature shim coils provide a field
homogeneity of 0.1 gauss (10 ppm) over a volume of approxi-
mately 20 cm3 and field-locking circuitry effectively eliminates
both short- and long-term drift. A spin echo line scan technique6
similar to that described elsewhere is employed. The line-scan
technique involves the application of three perpendicular mag-
netic field gradients and 90° and 180° radio frequency pulses
(spin echo technique) so as to excite the nuclei in one line through
the specimen. The specimen and field gradients were arranged so
that the line of excited nuclei was located in the homogeneous
portion of the magnetic field. The specimen’s position was then
shifted slightly and the process repeated to excite a neighboring
line of atoms. We thus obtained an entire slice with data taken
from nuclei when they were all in the homogeneous portion of the
field.

We refer to a spin echo sequence as symmetric if the time, r,
from the center of the 90° pulse to the center of the 180° pulse is
equal to the time, r', from the center ofthe 180° pulse to the center
of the spin echo (Fig. 1and Table 1). If these parameters are not
met, we refer to the sequence as asymmetric. The magnitude of
temporal asymmetry, a, isdefined asa= | r - r' | and will be noted
in parentheses following the word “asymmetric” in both text and
Table 1 Paired symmetric and asymmetric (2, 4, and 6 ms)
sequence images were obtained of in vitro tissue samples and
living (sedated) rats. The images obtained with asymmetric
sequences were subtracted, pixel by pixel, from the correspond-
ing images obtained with the symmetric sequence. This difference
signal D was normalized, for each pixel, by expressing it as a
fraction of the maximum NMR signal (obtained with the sym-
metric spin echo sequence). Thus,

NMR symmetric signal - NMR asymmetric signal
NMR symmetric signal

A subtraction image was then composed of these normalized
difference signals (D). In such an image, tissues with reversible
tissue-induced dephasing appear white. All other tissues, as well
as areas of no signal (air), appear black. Since both symmetric-
and asymmetric-sequence images were obtained with the same
echo delay and the same repetition time, they are affected identi-
cally by Ti and T2 effects, and the subtraction images are then

TABLE 1. Symmetric and Asymmetric Spin Echo Sequence Times

Image Echo Delay = Asymmetry
Sequence r tt (ms)=r+t (ms)a=(i—r|
Symmetric o ot 18 0
Asymmetric (2 ms) 8 10 18 2
Asymmetric (4 ms) 7 1 18 4
Asymmetric (6 ms) 6 12 18 6
Asymmetric (8 ms) 5 13 18 8

*r=time (ms) from the center of the 90° pulse to the center of the
180° pulse (see Fig. 1).

t r' =time (ms) from the center of the 180° pulsetothecenterof
the spin echo (see Fig. 1).



independentofbothTi and T2(echodelay=r + r'= 18ms[Fig. 1
and Table 1], repetition time = 1.0 sec).

Fatty liver in rats was produced by the administration of
ethionine, an inhibitor of lipoprotein synthesis. Maximum
accumulation of lipid after administration ofethionine is reported
to occur between 24 and 48 hours.9Four virgin female Sprague-
Dawley rats weighing 170 to 190 g received a single intraperito-
neal injection of 300 mg of DL-Ethionine (Aldrich Chemical
Company, Milwaukee, WI) dissolved in 10 cc of normal saline.
Three control rats received an intraperitoneal injection of 10 cc
normal saline. Thirty-six hours after injection, symmetric-and
asymmetric-sequence (4 ms) images were obtained under light
sedation with sodium pentobarbital. Immediately after imaging,
the rats were sacrificed and frozen sections obtained from a
constant region of the right lobe of the liver of each rat and
stained with oil red 0. For each pair of symmetric- and
asymmetric-sequence (4 ms) images, the signal intensity from an
identical region of the liver was integrated and the difference
signal D was calculated according to equation 1

Measurements of the NMR signal decay due to reversible
tissue-induced dephasing were made for rat liver, inflated lung,
retroperitoneal fat, and liquid corn oil by two independent
methods. In the first experiment, a set of four glass tubes (11 mm
1.D.) containing each ofthe above samples was immersed in water
and imaged in cross section. Images were obtained using symmet-
ric and asymmetric (2,4, and 6 ms) sequences. Ineach image, the
signal intensity of an identical region from the center of each
sample (corresponding to approximately 50% of the cross-
sectional area of the tube) was integrated and the asymmetric-
sequence signal intensity, expressed as a fraction of the symmetric-
sequence signal intensity (1-D, see equation 1), was plotted as a
function of increasing sequence asymmetry (a).

Inasecond experiment, a different approach was taken; revers-
ible tissue-induced dephasing was determined from recorded free
induction decays (FIDs) which were corrected for magnet inho-
mogeneity and irreversible signal loss. The FID of the NMR
signal after a 90° pulse was recorded with 32 averages for similar
but smaller samples of corn oil, rat liver, retroperitoneal fat,
inflated lung and distilled water (T2of distilled water> 2s). The
FID of water was used to correct for magnet inhomogeneity (see
Lag defined in A, Fig. 2). In each case, the sample occupied the
same volume and geometry in precisely the same location within
the most homogenous portion of the magnetic field. The total
decay rate of the observed FIDs includes contributions from
reversible tissue-induced dephasing as well as from magnet inho-
mogeneity and irreversible processes. In order to determine the
contribution of reversible tissue-induced dephasing, two assump-
tions were made: (1) the decay due to irreversible dephasing is
described by a single exponential whose time constant, T2, can be
correctly determined for each tissue by observing the rate of
decline of the spin echo amplitudes in a Carr-Purcell sequencell,
and (2) the decay due to magnet inhomogeneities is constant from
sample to sample and is the only significant source of dephasing
(during the first 11 ms) in the sample of distilled water, within
which no static sample-induced magnetic inhomogeneities should
exist. For each sample, that portion of signal decay attributable to
reversible tissue-induced dephasing was determined by correcting
for the signal loss due to magnet inhomogeneity and to irrevers-
ible processes, at 1 ms intervals from 0 to 11 ms (Fig. 2). This
corrected FID is different from the conventional FID, which is
well known to be similar in shape to the spin echo. In contrast, our
corrected FID is identical in shape to the envelope of the heights
of spin echoes obtained at different asymmetry (a).

For inflated lung and for fat, we generated empirical mathe-
matical expressions that fit the experimental data. Although
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Fig. 2 Correction of the observed NMR signal amplitude for
signal losses due to magnet inhomogeneity and irreversible pro-
cesses. The observed NMR signal amplitude was corrected at each
point in time by multiplying the observed signal amplitude by the
correction factors frmg and fj2according to Mcorroded = Mobselvod

XfrregX fj2 The observed and correct NMR sig nal amplitude curves
(FIDs) are displayed in panel C. The correction factor (fmag) for
magnet inhomogeneityis defined in panel A and was determined
from the experimentally recorded FID of the sample of distilled H2.
The correction factor (fj2 for irreversible NMR signal loss is defined
in panel B and was determined experimentally (Carr-Purcell tech-
nique) for each specific tissue.

different chemically shifted species within a sample may have
different line widths and thus different Tj values, the assumption
made docs not induce a significant error. For example, in the
worst possible case in which the sample contains equal fractions
of alkyl (-CH2-) and hydroxyl (-OH) protons, the resultant error
in the final magnetization value is only 5%, sinec T 2(tissue water)
= 40 ms and T2(lipid)—80 ms. Undcr the conditions of our study
in which the samples studied were either mostly water (liver, lung)
or mostly lipid (fat), the resultant error is less than 2% (less than
the noise of our measurements).

Spectra of liquid corn oil, partially hydrogenated corn oil, rat
liver, and rat retroperitoneal fat were obtained at 300 MHz (7.1
tesla) using a Varian SC 300 spectrometer (Varian Corp., Palo
Alto, CA). Samples were placed ina 5-mm probe and spun at 20
rpm. All spectra were obtained at 37° C, except the partially
hydrogenated vegetable oil in which case spectra were obtained at
5° C intervals from 26° to 56° C.
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Fig. 3A.
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Frozen section stained with oil red O from the liver of a rat 36 hours after treatment with ethionine showing many fat vacuoles

(magnification approximately X 2000). Number of cell nuclei identical to that of Fig. 3B.

Results

In all the rats that received ethionine, histologic speci-
mens revealed significant steatosis (Fig. 3A), whereas no
accumulation of lipid was demonstrated in the controls
(Fig. 3B). Inthe rats treated with ethionine (Fig. 3C) but not
in controls (Fig. 3D), the presence of fat in the liver was
apparently by its brightness in the subtraction images
obtained from paired symmetric and asymmetric (4 ms)
spin echo sequences. The mean (+ S.D.) difference signal D
(equation 1) from the livers of the four rats treated with
ethionine was 0.193 (£ 0.022) compared with 0.014 (£ 0.022)
for the three controls (P < .0005). The mean signal intensity
(x S.D.) from the liver in symmetrical sequence images was
95.0 (+ 5.0) units for treated animals and 83.7 (£ 7.2) units
for the controls; the difference between the two groups was
not statistically significant (P = .07).

The spectrum of liquid com oil (Fig. 4A) contains very
narrow chemically shifted resonance lines whose widths

vary from 18 to 37 Hz (0.06-0.11 ppm). Partially hydro-
genated corn oil below 47° C is asemisolid and has only two
broad (=400 Hz, 1.3 ppm) resonance lines (Fig. 4B) which,
upon melting (at 47-48° C), become motionally narrowed
with the appearance of multiple resonance lines with widths
of47-55 Hz (0.16-0.19 ppm) (Fig. 4C). Retroperitoneal fat
at 37° C has a spectrum with line widths intermediate
between liquid corn oil and semisolid partially hydrogen-
ated corn oil (120 Hz, 0.4 ppm) (Fig. 4D). The spectrum of
liver consists of a single 57 Hz (0.19 ppm) wide resonance
line (Fig. 4E). In all spectra, the chemical shift between the
resonance lines of the hydroxyl (-OH) and the major alkyl
(-CH2) protons was 4.0 ppm.

Figure 5 shows paired symmetric- (Fig. 5A) and asym-
metric-sequence (4 ms) (Fig. 5B) and subtraction (Fig. 5C)
images of the tubes containing liquid corn oil, inflated lung,
retroperitoneal fat, and liver. Compared with the symmetric
sequence, the asymmetric-sequence (4 ms) image signal



intensity is decreased for the oil, inflated lung, and fat but
not for liver nor for the water in which the glass tubes were
immersed.

The corrected FIDs (describing only the decay of the
NMR signal due to reversible tissue-induced dephasing) for
similar samples are shown in Fig. 6. Superimposed upon the
corrected FID for each sample are the corresponding
asymmetric-sequence signals (open circles) expressed as
fractions (1-D) of the symmetric-sequence signals. A com-
parison of the measurements of the signal decay due to
reversible tissue-induced dephasing obtained by these two
different methods (corrected FID and asymmetric sequence
cross-sectional images) yielded a correlation coefficient (r)
0f .96 (/*< .001). The decay curves in Fig. 6 are clearly not
described by simple exponentials. The curve for liver is
nearly flat indicating no significant contribution of revers-
ible tissue-induced transverse dephasing. The decay curve
for inflated lung was fit (r = .999) by the expression
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’ J
Fig. 3B. Frozen section stained with oil red 0 from the liver of a control rat. No fat vacuoles are present (magnification approximately X
2000). The only identifiable structures are cell nuclei.

M = Mo exp [-(t/TS)32, 2

where t equals the time elapsed from the center of the 90°
pulse and TS equals 4.8 ms. Equation 2 corresponds to the
Fourier transformation of a single line intermediate in
shape between Lorentzian and Gaussian. The curve for
retroperitoneal fat was fit (r = .992) by the expression:

M = Mo (0.269 cos fl t+ 0.731)12exp [-(t/TS)] , (3)
where Ti = 16 ms and Cl = 27t/(7.3 ms) (Fig. 7).

Discussion

The decay of the FID is, in general, due to contributions
from several sources: external magnet inhomogeneities, T2
effects arising from irreversible processes, and reversible
tissue-induced dephasing. Since reversible tissue-induced
dephasing appears to be characteristic of inflated lung and
fat, it can be used as a means of identifying these tissues.
Therefore, techniques that isolate the contribution of
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Fig. 3(C). Coronal NMR subtraction image obtained from
paired symmetric and asymmetric (4 ms) images of a rat 36 hours
after treatment with ethionine (same rat as in Fig. 3A). The lower
portion of chest and the upper portion of abdomen are shown. (D)
Coronal NMR subtraction Image obtained from paired symmetric
and asymmetric (4 ms) images of a control rat (same rat as in Fig.
3B). The lower portion of chest and upper portion of abdomen are
shown. (E) Line drawing of organs. The stomach bubble, usually
visible in subtraction images, can be seen (we think) because of its
foamy contents.

reversible tissue-induced dephasing are desirable. The con-
tribution from reversible tissue-induced dephasing domi-
nates the FID of fat and inflated lung, in contrast to tissues
such as liver. As a result, it is easy to isolate the reversible
tissue-induced dephasing by removing the contributions

November 1985
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Fig. 4. High resolution (300 MHz) spectra of liquid corn oil (A),
partially hydrogenated corn oil below 47° C (semisolid) (B), and
above 48° C (liquid) (C), retroperitoneal fat (D), and liver (E).

from magnet inhomogeneities (external) and irreversible
processes. We show that this corrected FID is virtually
identical to the NMR signal magnitude as a function of
asymmetry (a). The time that characterizes this decay due to
reversible tissue-induced dephasing is T$ . Within experi-
mental error, T obtained from the corrected FID is identi-
cal to that obtained from the asymmetric image (Fig. 6). A
record of NMR signal intensity as a function of asymmetry
(a) provides a rapid and more direct means of studying



Fig. 5. Symmetric (A), asymmetric (4 ms) (B), and subtraction
(C) images of four tubes containing rat liver, inflated rat lung, rat
retroperitoneal fat, and liquid corn oil (all tubes immersed inwater).

reversible tissue-induced dephasing than that provided by
correcting the FID.

We have reported previously that the FID of inflated
lung is markedly shortened when compared with airless
lung and liver, suggesting that, in the inflated state, lung is
associated with reversible tissue-induced dephasing6’7; our
data indicate that this finding may reflect the influence of
air-tissue interfaces upon the internal magnetic field (see
Introduction). Since no air-tissue interfaces are present in
bulk oil or fat and since the observed NMR signal for fat has
adifferent waveform (equation 3) from that of inflated lung
(equation 2), the source of the reversible tissue-induced
dephasing in fat must be different from that in inflated lung.
Based on the observations reported herein and presented in
preliminary form,” we suggest that the reversible tissue-
induced dephasing in fat arises from chemically shifted
resonance lines and incompletely averaged local dipolar
interactions in the presence of chemically shifted resonance
lines.

The envelope of an FID is the magnitude of the Fourier
transform of its frequency spectrum®and can be expressed
in the general case by

M= IJECJ'CWI, 4)

where Q is the Fourier coefficient and at, is the Larmor
frequency of the jthresonance line. Under conditions of low
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Fig. 6. Decay of NMR signal intensity due to reversible tissue-
induced dephasing for inflated rat lung (A), rat retroperitoneal fat
(B), rat liver (C), and liquid corn ail (D). Corrected FIDs shown with
solid circles and corresponding asymmetric image signal intensity
fractions (1-D, see text) computed from images of similar samples
shown as open circles. Half-filled circles represent superimposed
open and closed circles.

resolution, the frequency spectrum of tissue appears as
essentially two broad resonance lines of water and alkyl
protons. For the case in which the frequency spectrum
consists of two very narrow resonance lines separated by a
frequency Aw, equation 4 can be written as

M= (A2+ B2+ 2AB cos A<ut)l? (5)

where A and B are the integrals of the two resonance lines.
The Fourier transform of this idealized spectrum (equation
5) has the same form as the coefficient of exp[-(t/Ti)2J of
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Fig. 7. Empirical expressions describing the magnitude of the

NMR signal as a function of time for inflated rat lung (broken line)
and rat retroperitoneal fat (solid line). For explanation, see Discus-
sion. Experimental data points (corrected FIDs) for inflated rat lung
(open circles) and rat retroperitoneal fat (solid circles) are plotted
with the corresponding empirical curves.

equation 3. The frequency difference Aco in equation 5 thus
corresponds to the fit parameter fl in equation 3. In spite of
the fact that the spectrum of fat (Fig. 4) is more complicated
than the two sharp line spectrum assumed for the theoreti-
cal generation of equation 5, we observed a period of oscil-
lation (6.3 ms) which was within 1 ms of the predicted 7.3
ms. Since the spectrum of fat does not consist of two sharp
lines but contains broad peaks between the alkyl and
hydroxyl peaks (Fig. 4D), the period of oscillation should,
in fact, be greater than 6.3 ms, as our data indicate. Our
model appears, therefore, to provide a satisfactory descrip-
tion of reversible tissue-induced dephasing in fat.

The predicted periods of oscillation of 1.5 T (64 MHz)
and 0.35 T (15 MHz) are 4 and 18 ms, respectively. The
terms A and B of equation 5 represent the integrals of the
water and alkyl resonances and can be evaluated most easily
at the half period where cos Acot = -1. This point in time
corresponds to the first minimum ofequation 3, asshown in
Fig. 7. Under this condition, equation 5 becomes

M= |A-B | ©)

and the fractions of the two peaks can be readily calculated.
Itis important to note however that, because of the absolute
value in equation 6, unambiguous determination of which
peak (-OH or -CHZ2) predominates requires additional
measurements.
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In addition to the oscillation of the two “beating” peaks
described by equation 5, a Gaussian factor appears in the
empirical description of the corrected FID of fat (equation 3).
We suggest that this arises because the frequency spectrum
of tissue is not composed of two very narrow resonance
lines. Rather, as is well known (and demonstrated in Fig. 4),
the “alkyl” resonance is composed of the large line of the
-CHZ2 protons surrounded by smaller lines of other carbon
protons in several other environments. Each of these lines
is in turn broadened by as much as 40 to 120 Hz. The
empirical value of 16 ms for the time constant T2 corre-
sponds to an effective line width of approximately 62 Hz or
1.6 ppm at 40 MHz. Thus, the oscillations of the two
beating frequencies become damped to 1/e of the initial
amplitude at TE (16 ms for fat at 40 MHz).

This method appears to be capable of detecting in vivo
liver steatosis noninvasively. A correlation between signal
intensity and triglyceride content in the livers of rats treated
with ethionine has been reported13 however, the signal
image intensity measurements were reported to increase
only minimally despite massive increases in triglyceride con-
tent. Because signal intensity measurements are dependent
upon Ti and T2, which in liver vary in both normal and
pathologic states, it is doubtful that signal intensity data
alone can be a reliable indicator of the presence and degree
of hepatic steatosis. We also noted a higher mean signal
intensity in the rats treated with ethionine, than in the
control rats; however, the difference did not reach the 5%
level of statistical significance. In contrast, the subtraction
liver images obtained from paired symmetric and asymmet-
ric (4 ms) sequences from rats with fatty livers were signifi-
cantly different from those obtained from normal controls
(P < .0005). Although further studies are needed, we expect
that when correctly obtained, paired symmetric- and asym-
metric-sequence images will provide information that is
both specific and quantitative for hepatic steatosis.

In summary, we have shown that symmetric and asym-
metric spin echo sequences can be used to obtain proton
spectral information in fat. When reversible tissue-induced
dephasing is present (eg, in inflated lung and in fat), a new
time constant T$ quantitatively reflects the internal NMR
line broadening. The presence of fat in the livers of rats with
chemically induced steatosis was demonstrated quantita-
tively. Rather than producing a complete spectrum by
Fourier analysis of a series of increasingly asymmetric
sequence images, a single symmetric- and asymmetric-
sequence image pair should allow calculation of T2Lfor each
pixel and may provide important diagnostic information
without the extensive imaging time required for traditional
spectroscopy. Since our small animal studies were carried
out in a magnetic field inhomogeneity comparable to that of
modern superconducting magnets, our technique for study-
ing reversible tissue-induced dephasing should be as easily
applied to whole body systems required for human study.
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Announcements

Chest Radiology—Update and Review. December 2-6, 1985,
Hotel Del Coronado, Coronado, CA. Accreditation: 20 hours
Category |. Fee: $400; $250 for residents/ fellows. For informa-
tion, contact Dawne Ryals, Ryals and Associates, PO Box
610203, DFW Airport, TX 75261-0203. (214) 659-9590.

Computed Tomography Head to Toe. December 16-21, 1985.
Grand Hyatt New York, NYC. Accreditation: 39 Category I.
Registration $525. For information, contact NYU Medical Cen-
ter Post-graduate Medical School, 550 First Avenue, New York,
NY 10016. (212) 340-5295.

7th Annual Winter Conference in the High Sierras. February 2-7,
1986, Caesar’s Tahoe Hotel, Lake Tahoe, Nevada. Accreditation:
$25 hours Category I. Registration: $395; daily registration $115.

For further information, contact American College of Medical
Imaging. PO Box 27188, Los Angeles, CA 90027. (213) 275-1393.

UCSD Radiologic Imaging and Intervention Course. February
3-7,1986, Hotel Intercontinental, San Diego CA. Accreditation:
20 hours Category I. Registration: $400. For information, con-
tact EricvanSonnenberg, Md, PO Box 61203, DFW Airport, TX
75261. (214) 659-9590.

Thoracic Imaging—1986. February 17-20, 1986, Newporter
Beach Resort Hotel, Newport Beach, CA. Sponsored by The
Society of Thoracic Radiology. Registration: $425 (postgraduate
course); $499 (course and scientific session); $250 Residents/
Techs/Fellows/Military; $100 (Scientific Session only). For
information, contact Dawne Ryals, Ryals and Associates, PO
Box 610203, DFW Airport, TX 75261-0203. (214) 659-9590.



