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Research ethics committee approval was obtained for this
study, and written informed consent was obtained from all
participants. The purpose was to prospectively evaluate
the feasibility of breath-hold multiecho in- and out-of-
phase magnetic resonance (MR) imaging for simultaneous
lipid quantification and T2* measurement. A spoiled gradi-
ent-echo sequence with seven echo times alternately in
phase and out of phase was used at 3.0 T. Imaging was
performed in a lipid phantom, in five healthy volunteers
(all men; mean age, 37 years), and in five obese individuals
with hyperlipidemia or diabetes (four men, one woman;
mean age, 53 years). A biexponential curve-fitting model
was used to derive the relative signal contributions from
fat and water, and these results were compared with re-
sults of liver proton MR spectroscopy, the reference stan-
dard. There was a significant correlation between multi-
echo and spectroscopic measurements of hepatic lipid con-
centration (r2 � 0.99, P � .001). In vivo, the T2* of water
was consistently longer than that of fat and reliably en-
abled the signal components to be correctly assigned. In
the lipid phantom, the multiecho method could be used to
determine the fat-to-water ratio and the T2* values of fat
and water throughout the entire range of fat concentra-
tions. Multiecho imaging shows promise as a method of
simultaneous fat and T2* quantification.
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Accurate noninvasive assessment
of liver fat content is an important
tool in the evaluation of patients

with hepatic steatosis (1). Lipid quanti-
fication with magnetic resonance (MR)
imaging relies on the difference in reso-
nant frequency between fat and water
molecules. With gradient-echo sequences,
the signal intensity is at a maximum
when the transverse magnetization vec-
tors of fat and water within the voxel
are in phase and at a minimum when
the vectors are out of phase (2). Single-
and dual-echo techniques have previ-
ously been used to estimate lipid con-
tent within the liver (2–9) and adrenal
glands (10). However, signal intensity
loss on in-phase images caused by the
presence of liver iron is a potential pit-
fall in the determination of liver fat per-
centage by using dual-echo imaging
(11). A separate sequence is therefore
required to correct for global T2* ef-
fects. A further limitation is that dual-
echo methods do not enable differentia-
tion of whether the dominant compo-
nent is fat or water, so an additional
sequence with either gradient-echo im-
aging or breath-hold spectroscopy is re-
quired to resolve this (12,13).

In contrast, multiecho imaging has
the potential to enable more accurate
and efficient measurement of tissue fat
content in a single sequence. The signal
intensity variation in a multiecho acqui-
sition would be expected to depend on
the individual T2* decays of the fat and
water components, as well as a periodic
oscillation of signal intensity between
in-phase and out-of-phase echo times

dependent on the fat-to-water ratio
(14–17). A rapid single sequence allow-
ing accurate tissue fat quantification as
well as T2* measurement would be of
potential value in lipid deposition disor-
ders.

Thus, the aim of our study was to
prospectively evaluate the feasibility of
breath-hold multiecho in- and out-of-
phase MR imaging for simultaneous
lipid quantification and T2* measure-
ment.

Materials and Methods

Financial support was given by Bayer
Schering Pharma (Newbury, Berkshire,
England) and Philips Medical Systems
(Best, the Netherlands). The authors
had control of the data and information
submitted for publication.

Lipid Phantom Study
A phantom was constructed by pouring
equal volumes of mineral oil (liquid pet-
rolatum; Johnson and Johnson, New
Brunswick, NJ) and water into a cylin-
dric container (6). The water was
doped with 10 mmol/L copper sulfate
solution to shorten its T2. An oblique
imaging plane was chosen that passed
through the boundary of the two immis-
cible layers. Therefore, the oil-to-water
ratio within a voxel at a given point in
the image varied along a continuous
gradient from pure oil to pure water
(Fig 1). The oil percentage at a given
point was determined through cross-
reference to a coronal high-spatial-
resolution T1-weighted gradient-echo
MR image obtained perpendicular to
the plane of the fluid layers. The se-
quence parameters were as follows: flip
angle, 80°; field of view, 320 mm; sec-
tion thickness, 4 mm; receiver band-
width, 1930 Hz/pixel; acquired voxel
size, 0.5 � 0.5 � 4 mm; repetition time
msec/echo time msec, 16/2.3; number of
signal averages, two; and a frequency-

encoding direction oriented parallel to
the oil and water interface.

Human Participants
The study was undertaken with the
approval of the Hammersmith Hospi-
tal research ethics committee, and
written informed consent was ob-
tained from all study participants. Five
obese individuals with a history of hy-
perlipidemia or diabetes (four men,
one woman; mean age, 53 years;
range, 35–67 years; mean body mass
index, 36.2 kg/m2; range, 33–40 kg/
m2) were enrolled. The control group
consisted of five healthy volunteers
with no history of excess alcohol use
(�30 g per day) or diabetes (five men;
mean age, 37 years; range, 32–44
years; mean body mass index, 25.0
kg/m2; range, 22–30 kg/m2).

Multiecho Sequence
The MR imaging studies were per-
formed with a 3.0-T MR imaging system
(Intera; Philips) operating with Release
1.7 software. A software patch was in-
stalled to enable multiecho imaging. The
same scaling factors were applied to
each image in the multiecho acquisition.
The maximum gradient strength was 31
mT/m, and the maximum slew rate was
200 mT/m/msec. Imaging was per-
formed by using a breath-hold spoiled
gradient-echo sequence with a seven-
echo readout, resulting in a total acqui-
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Advances in Knowledge

� Unlike with dual-echo methods,
with multiecho MR imaging, fat
measurement can be performed
without the need to acquire a sep-
arate T2* map, and the signal
components may be correctly as-
signed to fat and water on the ba-
sis of their different T2* values.

� Results of fat quantification in the
liver by using a multiecho tech-
nique correlate highly (r2 � 0.99,
P � .001) with those of T2-cor-
rected proton MR spectroscopy.

Implication for Patient Care

� Multiecho MR imaging shows
promise as a method for simulta-
neous fat and T2* quantification
in the liver.
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sition time of 4 seconds for a single sec-
tion. The multiecho sequence parame-
ters were as follows: flip angle, 20°;
field of view, 320 mm; section thick-
ness, 10 mm; receiver bandwidth, 780
Hz/pixel; acquired voxel size, 2.5 �
2.5 � 10 mm; repetition time, 17 msec;
and number of signal averages, two.
Proton spectroscopy studies have re-
vealed that the chemical shift of intra-
hepatic lipid relative to water is 3.4 ppm
(18); hence, in vivo, the first echo time
(TE) chosen was 1.15 msec, with a �TE
of 1.15 msec (TEs: 1.15, 2.30, 3.45,
4.60, 5.75, 6.90, and 8.05 msec). The
chemical shift in the oil phantom was
determined as 3.5 ppm, and the �TE
was reduced to 1.12 msec (TEs: 1.12,
2.24, 3.36, 4.48, 5.60, 6.72, and 7.84
msec) for these experiments.

Body imaging was performed by
one technologist (J.F., with 10 years
of experience in MR imaging). A six-
channel phased-array receiver coil
was used, and images were acquired
in held expiration. A single-section
multiecho sequence was performed in
a transverse plane passing through the
liver and spleen, superior to the main
portal vein. Higher-order shimming
was used, with a volume manually
placed over the liver. Participant tol-
erance of the examination, signs of pe-
ripheral nerve stimulation, and image
quality were monitored.

Liver spectroscopy was performed
by one operator (M.W., with 10 years of
experience in spectroscopy). Spectros-
copy was performed during the same
study as multiecho imaging. Single-voxel
spectroscopic measurement of intrahe-
patic fat levels was performed according
to a protocol previously validated at 1.5
T (19). An 8-cm3 cubic volume of inter-
est was placed over the right lobe of the
liver, avoiding intrahepatic blood ves-
sels. The Q-body coil was used to trans-
mit and receive. A point-resolved spec-
troscopy sequence (20) without water
suppression was used for spatial local-
ization and spectra acquisition. To cor-
rect for T2 decay, three consecutive
spectra were acquired with echo times
of 40, 60, and 135 msec. The repetition
time was 2000 msec, and 32 signals
were acquired.

Data Analysis: Modeling of Fat and Water
Phase Interference
In tissues containing lipid and water,
there will be oscillation in signal inten-
sity as a function of echo time. The
signal intensity of each component will
also show T2* decay. The magnitude
signal intensity (�S�) may therefore be
modeled with the following equation:

�S� � �SWe�t/T2*W � Sfe�t/T2*f�i„�t�

where Sw and Sf are the components of
the signal from water and fat, respec-
tively, and T2*w and T2*f are their re-
spective decay constants, while t is the
time after excitation and �� is the dif-
ference in frequency between fat and
water. To reduce the number of degrees
of freedom in the model, the frequency

difference between fat and water was
considered to be 3.4 ppm. The signal
components from water (Sw) and fat
(Sf), as well as their respective T2* de-
cay constants (T2*w and T2*f), were
modeled with an iterative curve-fitting
technique by using the Levenberg-
Marquardt algorithm (21) and software
(SigmaPlot, version 10; SPSS, Chicago,
Ill). For the purpose of comparison with
results of MR spectroscopy, the lipid
content was expressed as a percentage
of the total signal as follows: lipid con-
tent percentage � 100% � [Sf/(Sw � Sf)].

A comparison was made with fat esti-
mation performed by using a conventional
dual-echomethodby analyzing only the first
pair of in-phase and out-of-phase echoes
with the following equation: lipid content
percentage � [(SIP � SOP) � 100%]/

Figure 1

Figure 1: Oil and water phantom: immiscible layers of mineral oil and water were used to simulate a range
of oil-to-water ratios. Top: An oblique MR imaging section (16/2.3; flip angle, 80°; frequency encoding direc-
tion, left to right) was positioned across the interface of the two layers, and 11 points along this gradient from
0% to 100% oil were used to position the regions of interest (ROIs) on the multiecho images. Bottom left:
Out-of-phase image (17/1.15; flip angle, 20°) shows position of first rectangular ROI and demonstrates signal
cancellation in voxels containing fat and water. Bottom right: In-phase image (17/2.3; flip angle, 20°) is
shown for comparison.
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(2 � SIP), where SIP and SOP are the signal
intensities on the in-phase and out-of-phase
images, respectively (6).

Image Analysis
The raw image data were exported
from the imaging unit for off-line re-

construction and were converted to
“Analyze” format by using software
(Matlab, version 7.0; Mathworks,
Natick, Mass). Analysis of multiecho
imaging studies was performed by one
operator (D.P.O., with 6 years of ex-
perience in MR imaging) with a Pen-
tium 4 3.0-GHz computer by using
software (ImageJ; National Institutes
of Health, Bethesda, Md). The coronal
T1-weighted image of the oil and wa-
ter phantom was used to identify the
relative proportions of fat and water
along the oblique imaging section.
Eleven equally spaced divisions along
this gradient, from 0% to 100% oil,
were cross-referenced to a position on
the multiecho images. Each ROI
placed on the multiecho images mea-
sured 40 � 10 pixels. On the liver
images, a circular ROI (30 mm in di-
ameter) was placed in the same loca-
tion as the spectroscopy voxel, avoid-
ing vascular structures. In each case,
the mean signal intensity was mea-
sured at each echo time. The curve-
fitting algorithm using the biexponen-
tial model was used to derive the fat
fraction, as well as the component T2*
decays for fat and water. An auto-
mated pixel-by-pixel analysis was per-

formed to obtain color-coded para-
metric maps of liver fat and water per-
centages, also by using the Matlab
software.

Reference Standard Liver Spectroscopy
The phase-corrected spectra were ana-
lyzed in the time domain by using the
AMARES algorithm included in the
MRUI software package (22). Reso-
nance fitting was performed by M.W. to
obtain signal intensities for lipid (Sf) and
water (Sw). Exponential regression
analysis of the peak amplitudes at each
echo time was used for T2 decay cor-
rection. Lipid fraction was derived from
Sf and Sw in the same manner as that
used with the multiecho technique.

Statistical Analysis
Statistical analysis was performed by
using software (SPSS, version 12, SPSS;
and MedCalc, version 9, MedCalc Soft-
ware, Mariakerke, Belgium). Results
are presented as mean values � 1 stan-
dard deviation. Bland-Altman plots (23)
were used to analyze the agreement be-
tween multiecho and MR spectroscopic
estimations of liver fat content and be-

Figure 2

Figure 2: Graph shows results of fat percentage
estimation across range of oil-to-water ratios in
the oil and water phantom by using the dual-echo
and multiecho sequences. The component with the
longer T2* has been assigned to water in the mul-
tiecho analysis. The dual-echo plot assumes that
water is the dominant component. Dotted lines �
calculated fat percentage at 50:50 oil-to-water
ratio for each method.

Figure 3

Figure 3: Transverse breath-hold multiecho MR imaging acquisition (17/1.15– 8.05; flip angle, 20°; field of view, 320 mm; section thickness, 10 mm) in liver with
seven readouts. Images are alternately out of phase and in phase from left to right in each row. Image quality is maintained throughout the range of echo times.
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tween multiecho and dual-echo estima-
tions of liver fat content. The correla-
tion between liver fat concentration as
determined with multiecho imaging
and concentration as determined with
MR spectroscopy was assessed by us-
ing linear least-squares regression.
The means of the in vivo T2*w and T2*f

values were compared by using a
paired-samples t test. P � .05 was
considered to indicate a significant dif-
ference.

Results

Oil and Water Phantom
The multiecho sequence modeling de-
rived the two signal intensity compo-
nents and their respective T2* values
throughout the range of oil-to-water ra-
tios. The two signal intensity compo-
nents (oil and water) had mean T2* val-
ues of 94.4 msec � 11.6 and 5.1 msec �
2.3, respectively. The correct interpre-
tation of the oil-to-water ratio at each
position along the phantom was ob-
tained if the component with the longer
T2* value was assumed to be water. The
dual-echo method does not allow a de-
termination of the dominant compo-
nent, and, accordingly, less signal can-
cellation was seen at each end of the oil
concentration gradient. At the midpoint
of the phantom, with a 50:50 oil-to-wa-
ter ratio, the multiecho method derived
a fat content of 49%; the dual-echo
method derived a fat content of 27%
(Fig 2).

In Vivo Multiecho Sequence and MR
Spectroscopy
MR imaging was well tolerated by all
participants; there was good image
quality throughout the range of echo
times (Fig 3). Specific absorption rates
were within specified limits (4.0 W/kg),
and no peripheral nerve stimulation was
reported. The proton spectra demon-
strated satisfactory line widths, with
water and lipid peaks at 4.7 and 1.3
ppm, respectively.

The multiecho sequence modeling
converged on a fit for Sw and Sf and the
individual T2*w and T2*f components in
all subjects but one (Table). This healthy

volunteer had a fat content of only 1.3%
at multiecho imaging, and the T2*f could
not be derived. In the patient group, the
mean hepatic fat fraction determined
with multiecho imaging was 17.7% �
7.3, while the mean water T2* value
was 16.0 msec � 4.1 and the mean lipid
T2* value was 7.4 msec � 2.1. In the
volunteer group, the mean hepatic fat
fraction was 2.7% � 1.4, while the
mean water T2* value was 21.8 msec �
11.7 and the mean lipid T2* value was
4.6 msec � 1.8. Among all subjects,
there was a significant difference be-
tween the mean T2*w and T2*f values
(P � .05), and the T2*w value was con-
sistently greater than the T2*f value
(Figs 4, 5).

Bland-Altman analysis revealed a
systematic underestimation of fat con-
tent with the dual-echo method com-
pared with the multiecho method,
with the mean limits of agreement be-
ing �2.6% � 2.4 (1.96 times the stan-
dard deviation) (Fig 6). Results of
least-squares analysis indicated a signif-
icant correlation between multiecho
and spectroscopic measurements of he-
patic lipid (y � 0.94x � 0.63, r2 � 0.99,
P � .001) (Fig 7). A Bland-Altman anal-
ysis revealed that the mean limits of
agreement of fat quantification with the
multiecho method compared with quan-

tification with MR spectroscopy was
0.03% � 1.5 (1.96 times the standard
deviation) (Fig 8).

A computer simulation was used to
measure the expected error in fat estima-
tion with the dual-echo method in a sys-
tem with biexponential decay. Represen-
tative values for the T2* of fat and water
obtained in this group of subjects were
used in the simulation (Fig 9). For in-
stance, this demonstrated that at 30% fat,
the dual-echo method would be expected
to produce a 6% (uncorrected for T2*) or
4% (with global T2* correction) underes-
timation of true fat content.

Figure 4

Figure 4: Plot of mean signal intensity in ROI in
steatotic liver with the multiecho sequence shows
the biexponential model’s convergence on a best-
fit curve.

Results of MR Spectroscopy, Dual-Echo Modeling, and Multiecho Modeling of Liver
Fat Content in Healthy Volunteers and Obese Individuals

Group and
Participant No.

Fat Percentage
at MR
Spectroscopy

Fat Percentage
with Dual-Echo
Modeling

Fat Percentage
with Multiecho
Modeling

T2*w with
Multiecho
Modeling (msec)

T2*f with
Multiecho
Modeling (msec)

Healthy volunteers
1 1.1 �0 1.3 11.8 —
2 1.6 �0 2.0 16.0 6.0
3 2.6 �0 3.1 19.2 6.1
4 1.3 �0 2.0 41.8 2.6
5 3.7 0.5 4.8 20.0 3.6

Obese individuals
6 11.0 7.2 10.7 20.0 7.0
7 10.6 7.0 10.2 17.7 5.0
8 20.3 16.5 20.5 11.2 6.5
9 20.7 19.3 19.7 19.0 10.6
10 28.7 25.1 27.5 12.1 8.0

Note.—In participants 1–4, the first out-of-phase image had higher signal intensity than the in-phase image for the dual-echo
analysis.
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Discussion

Our results demonstrate the feasibility
of using in-phase and out-of-phase mul-
tiecho imaging to quantify liver fat con-
tent and T2* with one sequence. Coreg-
istered pixel maps of liver fat content

and T2* values may be automatically
generated. The technique shows excel-
lent agreement with T2-corrected sin-
gle-voxel spectroscopy, and each set of
images is obtained in a short breath
hold. Multiexponential analysis of fat-
water systems has been shown to be

feasible with spin-echo sequences in
phantoms (15), and gradient-echo se-
quences have been used to assess bone
marrow composition at 1.5 T (16) and
lower field strengths (17). However, to
our knowledge, there are no published
reports of the use of multiecho phase
interference techniques to quantify liver
fat content.

Dual-echo imaging is in routine clin-
ical use for the semiquantitative assess-
ment of liver fat content. However, mul-
tiecho sequences overcome a number of
limitations of conventional dual-echo
techniques for fat quantification. First,
the method allows a determination of
the fat-to-water ratio that is corrected
for T2* effects without the need for ad-
ditional mapping sequences and poten-
tial image misregistration. This may be
a substantial limitation of dual-echo im-
aging in patients with cirrhosis because
of the T2*-shortening effects of iron
deposition (11). Dual-echo quantifica-
tion also fails at low fat fractions when
T2* effects predominate over fat-water
signal cancellation. The multiecho tech-
nique also allows a further correction to
be made for the differential T2* decays
of fat and water, although the effect on
fat estimation is expected to be only
approximately 5% in vivo. However,
the ability to distinguish between the
water and fat signal components over-
comes an important limitation of dual-
echo fat estimation. The dual-echo ap-
proach requires an additional gradient-
echo sequence with different T1 weighting
(12) or visual inspection of results of
breath-hold spectroscopy (13) to confirm
whether fat or water is the majority compo-
nent. Despite these steps, there remains
ambiguity between 45% and 55% fat
content (6), and spectroscopic results
that are uncorrected for T2 decay may
have similar limitations. Our findings in-
dicate that in the liver, the T2* of water
is consistently longer than that of fat at
3.0 T, and this allows the signals to be
correctly assigned if the liver fat content
is at least 2%. Below this level, noise
within the image prevents the signal
contribution of fat from being modeled.

In this study, the multiecho sequence
was optimized for the quantification of
tissue fat. However, as the sequence

Figure 5

Figure 5: Color-coded parametric maps of multiecho data in patient with hepatic steatosis. Coregistered
images of water and fat percentage, as well as their respective T2* values (in milliseconds), were derived from
a single multiecho acquisition. Color bars and numbers in top row � percentages; those in bottom row �
milliseconds.

Figure 6

Figure 6: Bland-Altman plot of agreement of
liver fat assessment in vivo between dual-echo and
multiecho MR imaging. The mean of each pair of
measurements is plotted against their difference.
Dashed lines � 95% confidence intervals, solid
line � mean value, F � healthy volunteers, E �
obese individuals.

Figure 7

Figure 7: Graph shows relationship between fat
estimation in the liver performed by using multi-
echo MR imaging technique and that performed by
using MR spectroscopy (MRS) (y � 0.94x �
0.63, r 2 � 0.99, P � .001). F � Healthy volun-
teers, E � obese individuals.
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also inherently measures tissue T2*, it
has the potential to provide coregis-
tered information on hepatic iron con-
tent. Gradient multiecho techniques,
with an arbitrary echo time interval,
have been histologically validated in the
assessment of hepatic iron overload at
1.5 T (24) and enable a reliable assess-
ment of global tissue T2* (25–27). How-
ever, the echo times chosen must allow
adequate sampling of the T2* decay
curve, and this will depend on the sever-
ity of the iron overloading being investi-
gated. Multiecho imaging with biexpo-
nential analysis has the advantage over
simple relaxometry of being able to
model the effects of both T2* decay and
fat-water phase interference on signal
intensity.

Our study had limitations. MR spec-
troscopy was chosen as a reference
standard for the multiecho technique
because it has been validated at 1.5 T
(18,28–30). Early experience in liver
MR spectroscopy at 3.0 T demonstrated
it to be a promising technique (31,32),
and it has the potential to achieve im-
proved signal-to-noise characteristics
and greater spectral resolution. How-
ever, these advantages may be offset by
increased line widths due to increased
field inhomogeneities and decreased T2
relaxation times (33). No histologic cor-
relation of hepatic steatosis was made
in our study because the patients in the
study group did not have an indication

for liver biopsy. Furthermore, the mea-
surement of lipid in histologic samples
relies on semiquantitative methods
(34,35). The ratio calculated with the
multiecho sequence reflects the molar
concentrations of resonating hydrogen
nuclei in fat and water, but this may be
readily converted into fat content by
liver weight or volume for comparison
with biopsy data (19).

The biexponential model was not
extended to include T1 decay con-
stants for fat and water. To reduce the
T1 weighting of the sequence while
maintaining an adequate signal-to-
noise ratio, a shallow flip angle of 20°
was chosen. The tissue T1 relaxation
time of the liver is also significantly
longer at 3.0 T than at 1.5 T (36), and
this may also reduce the effects of T1
contrast on fat quantification. The
chemical shift was also chosen as a
fixed parameter in the model and was
used to determine the optimum echo
times for maximum and minimum
phase cancellation. A potential under-
estimation of lipid concentration

would be obtained if the actual chem-
ical shift differed from this value. The
model also assumed that there was a
single lipid resonance and did not al-
low for the effects of separate methyl
and methlylene groups, for instance.
The accuracy of the curve-fitting algo-
rithm will also depend on the metric
used to measure goodness of fit, as
well as the effects of noise in the data.

The oil phantom demonstrated the
behavior of the multiecho sequence over a
wide range of oil concentrations. Chem-
ical shift will displace the fat and water
voxels, but these errors were minimized
by the choice of frequency encoding di-
rection and by not including the edges of
the phantom in our ROI measurements.
The radiofrequency excitation pulse is a
sinc function, and the shape of the sec-
tion profile may modulate the transition
from oil to water voxels. Flip angle inho-
mogeneity and susceptibility effects at
the boundary of the layers may also af-
fect the linearity between the calculated
and the measured oil concentration.
The difference in T2* of the oil and wa-

Figure 8

Figure 8: Bland-Altman plot of agreement of
liver fat assessment in vivo between MR spectros-
copy and multiecho imaging. The mean of each
pair of measurements is plotted against their dif-
ference. Dashed lines � 95% confidence inter-
vals, solid line � mean value, F � healthy volun-
teers, E � obese individuals.

Figure 9

Figure 9: Graph shows simulation of expected differences in fat percentage calculation by using three
methods. The biexponential model was used to simulate in- and out-of-phase signal intensities throughout
the entire range of fat-to-water ratios. Physiologic T2* values (T2*w , 20 msec; T2*f , 5 msec) estimated from in
vivo data have been used in the model. For this comparison, T1 effects were not included in the model. The
ideal correlation was assumed to be given by the multiecho method, which corrects for the individual T2*
decays of fat and water. The first in-phase and out-of-phase echo times from the simulation were used for fat
quantification with the dual-echo method, with water assumed to be the dominant component. These values
were then corrected (corr.) for global T2* decay by using regression analysis of the in-phase echo times.
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ter components was also greater than
that seen in vivo.

In conclusion, results of our feasibil-
ity study show that multiecho MR imag-
ing provides a technique for quantifying
liver fat content that is highly correlated
with T2-corrected proton spectroscopy.
In contrast to dual-echo methods, mul-
tiecho imaging overcomes the potential
errors due to T2* effects and enables
the correct assignment of the fat and
water signal components in a sequence
performed during a single breath hold.
This technique also allows the simulta-
neous acquisition of coregistered fat
and T2* maps of the liver.
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