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Abdominal MRI at 3.0 T: LAVA-Flex Compared
With Conventional Fat Suppression T1-Weighted
Images
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Purpose: To study liver imaging with volume
acceleration-flexible (LAVA-Flex) for abdominal magnetic
resonance imaging (MRI) at 3.0 T and compare the image
quality of abdominal organs between LAVA-Flex and fast
spoiled gradient-recalled (FSPGR) T1-weighted imaging.

Materials and Methods: Our Institutional Review Board
approval was obtained in this retrospective study. Sixty-
nine subjects had both FSPGR and LAVA-Flex sequences.
Two radiologists independently scored the acquisitions for
image quality, fat suppression quality, and artifacts and
the values obtained were compared with the Wilcoxon
signed rank test. According to the signal intensity (SI)
measurements, the uniformity of fat suppression, the
contrast between muscle and fat and normal liver and
liver lesions were compared by the paired t-test. The liver
and spleen SI on the fat-only phase were analyzed in the
fatty liver patients.

Results: Compared with FSPGR imaging, LAVA-Flex
images had better and more homogenous fat suppression
and lower susceptibility artifact (qualitative scores: 4.70
vs. 4.00, 4.86% vs. 7.14%, 4.60 and 4.10, respectively).
The contrast between muscle and fat and between the liver
and pathologic lesions was significantly improved on the
LAVA-Flex sequence. The contrast value of the fatty liver
and spleen was higher than that of the liver and spleen.

Conclusion: The LAVA-Flex sequence offers superior
and more homogenous fat suppression of the abdomen
than does the FSPGR sequence. The fat-only phase can
be a simple and effective method of assessing fatty liver.
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FAT SUPPRESSION TECHNIQUES have been routinely
used in magnetic resonance imaging (MRI) of the upper
abdomen (1–3). Fat-suppressed T1-weighted MRI is an
important sequence, especially for differentiating
between blood- and fat-containing masses, such as
hemorrhagic cysts and dermoid cysts (4–6).

Various types of fat-suppression techniques have
been implemented, including short-tau inversion-
recovery imaging (STIR), chemical shift selective satu-
ration (CHESS) or chemical shift selective inversion
technique (CSS-IR), water-only excitation pulse
approaches, and multipoint water and fat separation
imaging methods such as the Dixon technique (7–11).
The Dixon technique has received attention more
recently because of its ability to quantify fat and
robust fat separation (10–13), which permits simulta-
neous acquisition of in-phase, opposed-phase, water-
only, and fat-only images in a single acquisition.

Liver acquisition with volume acceleration flex (LAVA-
Flex) was recently introduced. The sequence is a 3D gra-
dient dual echo imaging technique in which a second
echo acquisition is added immediately after the first
echo. During each repetition time, two echoes are
sampled; the first read-out gradient is applied at
approximately 1.3 msec, when water and fat are 180

�

out of phase. The second readout gradient, with oppo-
site polarity, is then applied at 2.6 msec to acquire a
second echo with the water and fat signals in phase (4).
LAVA-flex then reconstructs pure water and fat images
in seconds by applying a two-point Dixon method to
data from in-phase and out-of-phase images (12,13).
Iterative decomposition of water and fat with echo asym-
metry and least-square estimation (IDEAL) is a variant
of the three-point Dixon method (14,15), which is differ-
ent from LAVA-flex. IDEAL also provides robust and uni-
form fat-separation (14) and has been used to image
many body regions including the spine (16,17), muscu-
loskeletal system (18), artery (19), and abdomen (20,21).

We conducted this study to retrospectively investi-
gate the efficacy of LAVA-flex and compare the image
quality of water-only images generated from LAVA-flex
with conventional FSPGR T1-weighted CHESS fat-
suppressed images obtained in patients evaluated by
abdominal MRI at 3.0 T MRI.
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MATERIALS AND METHODS

Patient Population

Our Institutional Review Board approved this retrospec-
tive study. Patient informed consent was waived. Our
hospital medical records and radiology department
databases were searched. Between October and Decem-
ber 2011, we chose 151 consecutive subjects with an
average age of 48.96 28.7 years (range: 21–67 years)
who underwent abdominal MRI in a 3.0 T MR scanner
(GE MR750). The following searches were used: 1) stud-
ies using both LAVA-flex and conventional fat-
suppressed FSPGR T1-weighted imaging; 2) studies
with cooperative patients; 3) cases with physical exami-
nations / fatty livers / common liver local lesions, and
their history, imaging characteristics, biopsy, and sur-
gery results were used as diagnostic criteria. Eighty-two
subjects were excluded, including 20 without LAVA-flex
or FSPGR imaging; 9 with poor compliance; 19 with cir-
rhosis and ascites; 14 with bile duct diseases; 18 with
pancreatitis and pancreatic lesions; and 2 with retro-
peritoneal tumors. Our final study population included
38 men and 31 women with an average age of
39.76 23.5 years (range: 22–62 years).

MRI Technique

All examinations were conducted on a 3.0 T MR scan-
ner with a 50 mT/m maximum gradient length and
200 T/m/s maximum slew rate (Discovery MR 750;
GE Medical Systems, Milwaukee, WI) using a 16-
channel body array coil with eight anterior and eight
posterior elements, each arranged in a 4 � 4 configu-
ration. All examinations were in the supine position.
The sequences included FSPGR T1-weighted imaging
with the CHESS technique and axial LAVA-Flex MRI
as well as other conventional sequences.

FSPGR T1-weighted imaging with the CHESS tech-
nique was performed with the following parameters:
repetition time (TR) / echo time (TE)¼150–180/2.1
msec; flip angle¼80

�
; matrix¼512 � 160–224; field

of view (FOV)¼26–33 cm; section thickness¼5 mm,
with 1.0 mm intersection gap, 24 sections; number of
excitation (NEX)¼1; and bandwidth¼83.3 kHz with
one CHESS pulse per repetition time. The acquisition
time for FSPGR T1-weighted imaging was 18 seconds.
This acquisition was performed with an array spatial
sensitivity encoding technique (ASSET; GE Health-
care) by using a recommended acceleration factor of
2.0.

LAVA-Flex MRI was performed during one breath-
hold with the following parameters: TR/TE¼4.2/2.6
msec, 1.3 msec; flip angle¼12; matrix¼320–384 �
224; section thickness¼5 mm; intersection gap¼0
mm; one acquired signal; FOV¼26–33 cm; and
bandwidth¼166.7 kHz while NEX¼0.69. The acqui-
sition time for LAVA-Flex was 17 seconds. This acqui-
sition was performed with an array spatial sensitivity
encoding technique (ASSET; GE Healthcare) by using
a recommended acceleration factor of 2.0.

The FRFSE T2-weighted sequence was obtained
with the following parameters: TR/TE¼10,000–
12,000/90–100 msec, the TR determined by the fre-

quency of respiration; section thickness¼5 mm;
intersection gap¼0.5 mm; matrix¼256 � 192;
NEX¼3; and FOV¼26–33 cm.

The SSFSE radial series slabs were obtained for MR
cholangiopancreatography (MRCP) with the following
parameters: TE¼1300 msec; 6 seconds between image
acquisitions; section thickness¼40 mm; matrix¼384 �
224; one-half signal acquired; and FOV¼26–33 cm.

Dynamic enhanced imaging was performed with
axial 3D LAVA sequencing. Scanning parameters
included TR/TE¼4.0/1.9 msec; flip angle¼15

�
;

matrix¼320 � 224; FOV¼26–33 cm; section
thickness¼4–6 mm; and NEX¼0.75. Gadolinium
chelate (Magnevist, Schering Guangzhou, China) was
administered intravenously (0.2 mmol/L per kg of
body weight) at approximately 3.5 mL/s using a dou-
ble tube high-pressure injector (Spectris MR Injection
System, Medrad, Pittsburgh, PA) and was followed by
a 20 mL saline solution flush at the same speed. With
the patient holding his/her breath, two arterial phase
images were achieved in 19 seconds. From the begin-
ning of the injection, two portal vein phase images in
60 seconds and one equilibrium phase images in 180
seconds were obtained (22).

MRI Analysis

The original MRI data were loaded onto a workstation
(Advantage Workstation 4.2; GE Healthcare).

Qualitative Image Analysis

The FSPGR T1-weighted images and LAVA-Flex water-
only images were evaluated independently by two
radiologists (with 5 and 6 years of experience in inter-
preting abdominal MR images). Because the appear-
ances of the images generated with the different
sequences were obvious, the radiologists could not be
blinded to the type of acquisition; however, the two
radiologists were not aware of the endpoints of the
study. The two readers compared the two sequences
to evaluate the image quality, fat suppression quality,
susceptibility artifacts, and motion artifacts (4,15).
They graded the image quality using a five-point scale
(23) on which 1 point indicated unacceptable quality,
2 points indicated poor quality, 3 points indicated fair
quality, 4 points indicated good quality, and 5 points
indicated excellent quality. The image quality of the
liver lesions detected was rated with a similar five-
point scale (4). All of the scores of image quality were
negotiated by the two radiologists.

Quantitative Image Analysis

Uniformity of Fat Suppression

Region-of-interest (ROI) analyses of the FSPGR T1-
weighted images and LAVA-Flex water-only images
were performed by one investigator (with 3 years of
experience in interpreting abdominal MR images) at a
GE Advantage Workstation 4.2 to assess the uniform-
ity of fat suppression. A circular 150 mm2 ROI was
placed in the superficial fat in four locations (one in
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each quadrant of the image) on individual sections
(4). This process was repeated at three levels—the
liver dome, the porta, and the renal hilum. Within a
single imaging sequence, 12 measurements of the sig-
nal intensity (SI) with each sequence for each patient
were obtained. Then, the percentage of the standard
deviation (SD) of these measurements was calculated
to yield a quantitative measurement of the uniformity
of fat suppression in each acquisition for each patient
(4). The percentage SD was calculated with the follow-
ing equation: the SD of the ROI, divided by the mean
value of the signal intensity ROI.

Contrast Between Muscle and Fat

The measurements of mean SI of the FSPGR T1-
weighted images and LAVA-Flex water-only images
were evaluated by placing an identical ROI over the
erector spinae and adjacent superficial fat. This pro-
cess was repeated at three levels, and the mean signal
intensity value was acquired for each tissue. The con-
trast between the muscle and fat (CMF) was then cal-
culated with the following equation: CMF¼ (SIM-SIF) /
SIM, where SIM is the mean signal intensity in the
erector spinae and SIF is the mean signal intensity in
fat (4,15).

Contrast Between Liver and Liver Lesions

We calculated the ratio for the contrast between nor-
mal liver and liver lesions by placing a comparably
sized circular ROI over the most homogeneous part of
each lesion and on the right liver lobe on two sequen-
ces, avoiding regional artifacts. This process was
repeated three times, and the mean signal intensities
of the normal liver and liver lesions were calculated.
The contrast between the normal liver and liver
lesions (CLLL) was calculated with the formula:
CLLL¼ (SIL-SILL) / SIL, where SIL is the mean signal
intensity in the normal liver and SILL is the mean sig-
nal intensity in the liver lesion (4,15). When multiple
hepatic lesions were found, we considered the lesion
with the larger diameter.

Contrast Between Fatty Liver and Spleen on the Fat-
Phase Imaging

The measurements of the mean SI of the FSPGR T1-
weighted images and LAVA-Flex fat-only images were
evaluated by placing three identical ROIs over the
normal liver, spleen, and fatty liver (local/diffuse).
The contrasts between the liver and spleen (CLS) and
fatty liver and spleen (CFLS) were calculated separately
using the formula CLS¼ (SIL-SIS) / SIL, CFLS¼ (SIFL�SIS)
/ SIFL, where SIL, SIS, are SIFL the mean signal inten-
sities in the normal liver, spleen, and liver fat, respec-
tively (4,15).

Statistical Analysis

For the qualitative five-point scale evaluations, the
Wilcoxon signed rank test was used to compare differ-
ences between the evaluations made with the FSPGR

T1-weighted images using the CHESS technique and
those with the LAVA-Flex water-only images.

For quantitative analysis, we used the paired t-test
to compare the differences in all of the parameters
(mean SD of the fat SI for 12 ROIs, the contrast
between the muscle and fat, and the contrast between
the normal liver and pathologic lesions) between the
FSPGR T1-weighted imaging and LAVA-Flex water-
only imaging. The differences in the liver and spleen
SI in both the normal liver and the fatty liver patients
with the fat-only phase were compared using the
paired t-test.

The data analysis was performed using SPSS for
Windows (v. 13.0, Chicago, IL). P�0.05 was consid-
ered significant.

RESULTS

Qualitative Assessment

The 69 subjects underwent abdomen MRI on a 3.0 T
MR scanner. Seventeen had normal physical examina-
tions, 34 had liver lesions (6 with multiple metastatic
liver tumors; 7 with hepatocellular carcinomas con-
firmed by pathology; 10 with liver cysts; 7 with
hepatic hemangiomas; and 4 who simultaneously had
liver cysts and hemangiomas), and 18 had fatty livers.
The latter patients underwent computed tomography
(CT) and/or ultrasonic examinations (US) to confirm
the diagnosis.

Table 1 presents the results of the direct compari-
sons in terms of image quality, fat suppression qual-
ity, susceptibility artifacts, and motion artifacts in all
subjects. The scores of the quality of the LAVA-Flex
water-only images were slightly higher than the
FSPGR T1-weighted images, but there were no statis-
tically significant differences (P>0.05). The scores of
the fat suppression quality and susceptibility artifacts
of the LAVA-Flex water-only images were significantly
higher than the FSPGR images according to the five-
point-scale qualitative assessment (Figs. 1–3).
Although the scores of the motion artifacts were
higher in the LAVA-Flex water-only images than the
FSPGR T1-weighted images, there was no statistically
significant difference (P¼0.07) (Fig. 4).

Table 1

Comparison of the Five-Point-Scale Qualitative Scores Between

the FSPGR T1-Weighted and LAVA-Flex Water-Only Images

Parameter

LAVA-Flex

water-only

FSPGR

T1-weighted P value

Image quality

Overall 4.03(0.65) 3.92(0.69) 0.491

Liver 4.06(0.63) 4.00(0.72) 0.486

Pancreas 4.03(0.61) 3.94(0.67) 0.402

Spleen 4.00(0.59) 3.97(0.61) 0.691

Fat suppression quality 4.70(0.50) 4.00(0.80) 0.001

Susceptibility artifacts 4.60(0.50) 4.10(0.80) 0.009

Motion artifacts 4.5(0.5) 4.2(0.8) 0.070

The data are the mean image quality (standard deviation) based

on the data obtained in 69 patients.

Scores are based on the data obtained from 39 liver lesion

patients.
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Figure 1. Axial T1-weighted
fat-suppressed (a) and LAVA-
Flex water-only (b) MR images
of the abdomen show equally
good image quality (five
points), but both readers
judged that the LAVA-Flex
water-only image achieved
stronger fat suppression (tri-
angle) and fewer susceptibility
artifacts (arrow).

Figure 2. Axial T1-weighted
fat-suppressed (a) and LAVA-
Flex water-only (b) MR images
of the abdomen show a small
lesion (arrow). Both readers
judged that the contrast
between the normal liver and
lesions as well as between the
muscle and fat were higher in
the LAVA-Flex water-only
images and the LAVA-Flex
water-only image achieved
superior and more homoge-
nous fat suppression (triangle).

Figure 3. Axial T1-weighted
fat-suppressed (a) and LAVA-
Flex water-only (b) MR images
of a liver cancer patient’s
abdomen (arrow). Both read-
ers judged that the visibility of
structures within the mass in
LAVA-Flex water-only image
was more conspicuous (the
triangle shows a tumor with
hemorrhage).

Figure 4. Axial T1-weighted
fat-suppressed (a) and LAVA-
Flex water-only (b) MR images
of the abdomen show that the
T1-weighted fat-suppressed
image had more susceptibility
artifacts from air in the stom-
ach (arrow). The arrowhead
shows the artifact concerning
misregistration with calibra-
tion acquisition for ASSET.
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Quantitative Assessments

Uniformity of Fat Suppression

The variation in the uniformity of the signal intensity
in the FSPGR T1-weighted images (115.13) was signif-
icantly higher than that in the LAVA-Flex water-only
images (62.84) (P¼0.007). The variation in the uni-
formity of the signal intensity on the water-only dual-
echo Dixon images (4.9%) was significantly lower than
that on the standard T1-weighted fat-suppressed
images (7.1%) (P¼0.02) (Table 2).

Contrast Between Muscle and Fat

The SI value of muscle in the FSPGR T1-weighted
images (mean value, 2252.79 msec) was higher than
that in the LAVA-Flex water-only images (mean value,
2115.79 msec), but there was no statistically signifi-
cant difference (P¼0.41). The image contrast between
the muscle and fat was significantly higher in the
LAVA-Flex water-only images (mean ratio, 86.28%)
than in the FSPGR T1-weighted images (mean ratio,
40.15%) (P¼0.008) (Table 2).

Contrast Between the Normal Liver and Liver Lesions

The SI value of normal liver (SIL) in the LAVA-Flex
water-only phase images was higher than in the fat-

saturated FSPGR T1WI images (P¼0.023). The SI value
of the liver lesions (SILL) was the reverse (822.30 msec
vs. 1217.19 msec), but there were no statistically signif-
icant differences (P¼0.242). The image contrast
between the liver and liver lesions (CLLL) was signifi-
cantly higher in the LAVA-Flex water-only phase images
(mean ratio, 49.83%) than in the FSPGR T1-weighted
images (mean ratio, 45.52%) (P¼0.043) (Table 2).

Contrast Between the Fatty Liver and Spleen in the
Fat-Phase Images

The SI of the normal spleen was slightly higher than
that of liver on the LAVA-Flex fat-only phase, but the
difference was not statistically significant (P¼0.24).
The SI of the fatty liver was higher than that of the
spleen (P¼0.002). The value of the CFLS (mean ratio,
54.24%) was higher than that of the CLS (mean ratio,
36.21%) (P¼0.046) (Table 3, Figs. 5–7).

DISCUSSION

In this study we found that, compared with FSPGR
imaging, LAVA-Flex images had better and more
homogenous fat suppression and lower susceptibility
artifact. The contrast between muscle and fat and
between the liver and pathologic lesions was signifi-
cantly improved on LAVA-Flex sequence. In addition,
we also found the SI of the fatty liver in the LAVA-Flex
fat-only phase images was higher than that of the
spleen. The value of the CFLS was higher than that of
the CLS. LAVA-Flex could offer superior and more
homogenous fat suppression of the abdomen and
become a routine abdominal sequence protocol for 3.0
T MRI.

LAVA-Flex is a 3D, FSPGR imaging technique that
acquires water-only, fat-only, in-phase and out-of-
phase echoes in a single acquisition that is typically
completed in one 20-second breath-hold (12,13). A
key benefit of LAVA Flex is the ability to generate the
water-only and fat-only images using preexisting in-
phase and out-of-phase raw data without adding scan
time. In our study, we found that there were no statis-
tically significant differences in the image quality of
the water-only images and the FSPGR T1-weighted
images when using the CHESS technique and the
five-point-scale qualitative assessment. The reason for
this observation is that the two sequences are rooted
in FSPGR imaging and only apply two different fat
suppression techniques. In our opinion, a more
appropriate acquisition sequence for direct

Table 2

Comparison of the Quantitative Measurements of the Signal Inten-

sity Between the FSPGR T1-Weighted and LAVA-Flex Water-Only

Images

Measurement

LAVA-Flex

water-only

FSPGR

T1-weighted P value

Fat suppression uniformity assessmenta

SI of 12 ROIs 417.88 (223.77) 1005.26 (302.85) 0.040

SD of 12 ROIs 62.84 (16.10) 115.13 (36.38) 0.007

SD% f 12 ROIs 4.86(3.15) 7.14(1.79) 0.002

Contrast assessmenta

SI M 2115.56 (348.80) 2252.79 (303.73) 0.407

SI F 417.88 (223.77) 1005.26 (302.85) 0.040

CMF % 86.28 (5.42) 40.15 (14.4) 0.008

Liver and lesion contrast assessmentb

SIL 1754.12 (302.21) 1438.79 (734.41) 0.023

SILL 822.30 (487.54) 1217.19 (355.84) 0.242

CLLL % 49.83 (11.22) 45.52 (31.35) 0.043

The data are the mean image quality (standard deviation).
aScores are based on the data obtained from 69 patients.
bScores are based on the data obtained from 39 patients with liver

lesions.

Table 3

Comparison of the Quantitative Measurements of the Signal Intensity Between the Fatty Liver and Spleen in the LAVA-Flex Fat-Phase

Images

Parameter Liver Spleen Fatty liver P value

SI value 54.38 (11.70) 67.85 (21.73) 0.239

SI value 182.00 (76.74) 459.78 (251.66) 0.002

Contrast CLS CFLS 0.046

36.21 (34.42) 54.24 (17.49)

The data are the mean image quality (standard deviation) based on the data obtained in 18 fatty liver patients.
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comparison of fat suppression may have been an
equivalent gradient-echo acquisition performed with a
conventional CHESS fat suppression method. More-

over, Thoeni et al (24) and Sica et al (25) reported that
FSPGR had the advantages of fast scanning and
reducing chemical and respiratory artifacts. In

Figure 5. A physical examination case. The water-only (a), fat-only (b), in-phase (c), and out-of-phase (d) images on the
LAVA-Flex sequence had good image quality.

Figure 6. A patient with focal fatty infiltration of the liver. The fat-only image (a) showed left lobe liver SI that was obviously
higher than that of background noise and spleen (arrow). The out-of-phase T1WI 3D gradient echo image (b) demonstrated
marked liver signal loss compared to the corresponding in-phase image (c).
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addition, both readers subjectively judged the motion
artifacts to be equal between the two sequences, pre-
sumably because they have the same short acquisi-
tion time; time-consuming examinations are often
criticized for producing motion artifacts in MRI.

Magnetic resonance techniques provide a noninva-
sive means of estimating the fat content in vivo (14).
Various MRI techniques are used to increase the sig-
nal differences and, hence, the depiction of abnormal-
ities by suppressing the high signal intensity of fat
(2). Examples of fat-suppression techniques are the
STIR, CHESS, CSS-IR, and Dixon methods (7–11).

Fat suppression is useful in the upper abdomen
because the motion of high-signal-intensity fat
degrades the image quality by inducing phase arti-
facts (2). The most commonly used fat-suppression
technique is the CHESS technique, which is subject
to suppression failures because it assumes that the
absolute precession frequencies of fat and water are
constant and known precisely over the entire imaging
volume (26). The T1-weighted FSPGR sequence
described in our study applied a CHESS technique
that is sensitive to constant magnetic induction field
and radiofrequency magnetic induction field inhomo-
geneities, which may cause inadvertent water sup-
pression, substantially reducing the signal-to-noise
ratio (SNR) of the image (4,26). Dixon techniques, in
contrast, exploit the relative precession frequency
between fat and water to eliminate the fat signal and
may provide a useful alternative means of better and
more uniform fat suppression (4,26).

The results of our study demonstrate that the fat sup-
pression applied two-point Dixon technique yields
higher quality and more uniform fat suppression water-
only images. With this sequence, the contrast between
muscle and fat was significantly greater than in stand-
ard FSPGR T1-weighted CHESS fat-suppressed imag-
ing, as was the contrast between the normal liver and
lesions. In addition, both readers subjectively judged
the susceptibility artifacts to be significantly lower with
the Dixon technique because this technique is insensi-
tive to the B0 inhomogeneities and leads to better and
more uniform fat suppression (4,26).

A dual-echo Dixon technique has been used to
image various anatomic sites and yielded encouraging
results. Beddy et al (4) concluded that dual-echo
Dixon imaging facilitates improved image quality of
fat-suppressed images of the pelvis compared with
standard T1-weighted fat-suppressed imaging, thus
enabling better delineation of pathologic lesions.
Cornfeld et al (27) also found that the dual-echo two-
point Dixon sequence achieved stronger fat suppres-
sion in the female pelvis when compared with 3D
FSPGR sequences with spectral inversion at the lip-
ids. Ragan and Bankson (26) found that Dixon fat
separation provides more reliable and homogenous fat
suppression than chemical saturation in phantoms
and in vivo. Our results were similar to those reported
by the aforementioned investigators (4,26,27).

Over the last two decades, the increased prevalence
of being overweight or obese most likely explains the
emergence of fatty liver disease (28), which affects 10%

Figure 7. A patient with diffuse fatty infiltration of the liver. The fat-only image (a) showed the whole liver SI, which was obvi-
ously higher than that of background noise and spleen. The opposed-phase T1WI 3D gradient echo image (b) demonstrated
that the whole liver signal was markedly lower compared to the corresponding in-phase image (c).
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to 30% of adults (29,30) and 13% of children (31) in the
general population. Thus, liver fat quantification has
generated considerable interest and may be of clinical
importance for reliably measuring the liver fat content
(FC). There is currently no specific biochemical or quan-
tification test for fatty liver (28). Liver biopsy and histo-
logical analysis are considered the diagnostic reference
standard (32). However, the biopsy procedure is inva-
sive and cannot be performed repeatedly to measure fat
changes following treatment; in addition, it presents
risks for patients (33). MRI techniques provide a nonin-
vasive means of estimating and quantifying the fat con-
tent (14,34). Proton magnetic resonance spectroscopy
(MRS) is currently considered the most accurate nonin-
vasive technique for detecting fat levels. However, MRS
is too time-consuming for routine clinical practice and
requires a skilled operator to correctly perform the
examination, process the data, and interpret the results
(28). Westphalen et al (35) and Schuchmann et al (36)
stated that the original two-point Dixon method in con-
junction with a spoiled gradient echo sequence (SPGR)
is often used in the quantification of the hepatic fat
fraction due to its simplicity. In our study, we found the
SI of fatty liver with the LAVA-Flex fat-only phase was
higher than that of the spleen and the value of the CFLS

was also higher than the CLS. This may mean that dif-
fuse and focal liver fat was displayed well and quanti-
fied noninvasively for the fat-only phase in the LAVA-
Flex images.

One limitation of this study was its retrospective
nature. Additionally, the LAVA-Flex technique was not
compared with other fat-attenuating sequences. How-
ever, the standard T1-weighted FSPGR CHESS fat-
suppression technique was used to evaluate the
abdominal examinations at our institution. Another
limitation is that pathologic proof was not available
for all patients. However, the patient history, imaging
characteristics, biopsy results, and surgery findings
were used as diagnostic criteria; furthermore, the liver
fat cases were confirmed by CT and/or US. In addi-
tion, we simply studied the performance of the liver
fat with fat-only phase imaging because the chief
objective of our study was to compare the water-only
phase of the LAVA-Flex sequence with the T1-
weighted FSPGR sequence using the CHESS tech-
nique. Therefore, these limitations most likely do not
impact the accuracy and significance of our results.

In conclusion, compared with the standard T1-
weighted FSPGR sequence using the CHESS tech-
nique, the 3D LAVA-Flex sequence offers superior and
more homogenous fat suppression of the abdomen.
Fat-only phase images may be a simple and effective
method for helping predict clinical assessment of fatty
liver. LAVA-Flex could become a routine abdominal
sequence protocol in 3.0 T MRI.
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