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Abstract

Objective To compare spin-echo echoplanar imaging (SE-
EPI) and gradient recalled echo (GRE) MR elastography
(MRE) at 3 T with and without gadoxetic acid administration.
Methods We included 84 patients who underwent MRE be-
fore and after gadoxetic acid administration, each time using
SE-EPI and GRE sequences. Diagnostic performance for
predicting clinical liver cirrhosis and high-risk oesophageal
varices was assessed using the area under the receiver-
operating characteristic curve (AUC). The relationships be-
tween T2* and success of MRE, and correlations of liver
stiffness (LS) values between the two sequences or before
and after gadoxetic acid administration, were investigated.
Results SE-EPI-MRE resulted in a significantly lower failure
rate than GRE-MRE (1.19% vs. 10.71%, P=0.018).
Increased T2* was related to higher probability of successful
LS measurement (odds ratio, 1.426; P=0.004). The AUC of
SE-EPI-MRE was comparable to that of GRE-MRE for the
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detection of clinical liver cirrhosis (0.938 vs. 0.948, P =0.235)

and high-risk oesophageal varices (0.839 vs. 0.752,

P =0.354). LS values were not significantly different before

and after gadoxetic acid administration.

Conclusion SE-EPI-MRE can substitute for GRE-MRE for

the detection of clinical liver cirrhosis and high-risk oesopha-

geal varices. SE-EPI-MRE is particularly useful in patients

with iron deposition, with lower failure rates than GRE-MRE.

Key Points

* LS values are comparable between SE-EPI-MRE and GRE-
MRE.

» Administration of gadoxetic acid does not influence LS
measurement.

* The failure rate of SE-EPI-MRE is significantly lower than
that of GRE-MRE.

Keywords Magnetic resonance elastography - Liver fibrosis -
Spin echo - Gradient recalled echo - Gadoxetic acid

Abbreviations
LS Liver stiffness
MRE Magnetic resonance elastography

SE-EPI  Spin-echo echoplanar imaging

Introduction

The detection, staging and monitoring of liver fibrosis is of
great clinical importance for the management of patients with
chronic liver disease, because liver fibrosis is used to evaluate
the severity of the underlying chronic liver disease, guide
treatment decisions, assess disease outcomes and evaluate re-
sponse to therapy [1]. Although percutaneous liver biopsy is
still considered the reference standard for liver fibrosis
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measurements, it has several limitations such as invasiveness,
risks of complications such as haemorrhage and infection,
sampling error and intra- and interobserver variations of inter-
pretation [2]. As a result, MR elastography (MRE) is gaining
acceptance as a non-invasive tool for the assessment of liver
fibrosis through head-to-head comparisons with histopatho-
logic data [3—7]. MRE also demonstrates superior diagnostic
performance and reliability compared to other non-invasive
tools such as MR imaging features, ultrasound elastography
or biochemical testing [4, 8—11]. As a result, the clinical use of
MRE in patients with chronic liver disease is increasing
[12-15].

Most published clinical liver MRE studies used gradient
recalled echo (GRE) sequences on 1.5-T or 3-T MR systems
to encode shear wave propagation through motion-sensitizing
gradients and phase-sensitive acquisition [2]. In GRE-based
MRE (GRE-MRE), both repetition time (TR) and echo time
(TE) are greater than the vibration period of the active driver
(typically 1/60 Hz=16.7 ms). This results in considerable
signal dephasing in tissues with short transverse relaxation
times [16]. Therefore, most failures of GRE-MRE are caused
by the short T2" transverse relaxation time of iron-overloaded
liver [2, 6, 17]. Considering that the liver exhibits faster T2"
relaxation at 3 T than at 1.5 T, the failure risk of GRE-MRE is
increased for iron-overloaded patients at 3 T. An alternative
approach to overcome this limitation is to use spin-echo-based
echoplanar imaging (SE-EPI-MRE), which is less sensitive to
transverse relaxation signal decay than GRE-MRE is. A high
degree of accuracy, reproducibility and measurement repeat-
ability are needed to foster the widespread application of MRE
in clinical use. Multiple published studies demonstrated that
liver stiffness (LS) measured using MRE is not significantly
influenced by technical factors such as MR platform, observer
or gadolinium administration [18-22]. However, the effect of
the MR sequence on LS measurements has rarely been exam-
ined [17, 23, 24]. In addition, the effects of gadoxetic acid
administration on LS measured at 3 T SE-EPI-MRE or
GRE-MRE have not been reported. In this context, the pur-
pose of this study was to compare the diagnostic performances
of 3-T SE-EPI-MRE, 3-T GRE-MRE and serum fibrosis
markers for predicting clinical liver cirrhosis and high-risk
oesophageal varices, and to evaluate the effects of gadoxetic
acid administration at 3 T on SE-EPI-MRE and GRE-MRE.

Materials and methods

Patients

The institutional review board of our institution approved this
retrospective study, and the requirement for patient informed

consent was waived. Between April 2015 and September
2015, 90 patients underwent gadoxetic acid-enhanced liver

MRI with MRE at our institution. Among the 90 patients,
we excluded four patients with too large or too many hepatic
masses to allow the placement of a region of interest (ROI) in
the liver parenchyma, and two patients who had undergone
only SE-EPI-MRE. Therefore, the study sample included 84
patients (56 men, 28 women; mean age, 58.7 years; range, 33—
81 years). MRE was performed four times per patient using
the two sequences, i.e. before (precontrast) and after
(postcontrast) gadoxetic acid administration with GRE and
SE-EPI (Fig. 1).

Patients who had undergone successful MRE scans in at
least one sequence were categorized into two groups accord-
ing to the presence (liver cirrhosis group, n =46) or absence
(non-liver cirrhosis group, n = 37) of liver cirrhosis. Since the
main purpose of this study was to evaluate the effects of MR
sequence and gadoxetic acid on LS measurements, the diag-
noses of liver cirrhosis were established clinically by complete
medical history, physical examination, biochemical tests and
morphologic imaging findings. The actiologies of liver cirrho-
sis in our sample were viral hepatitis B (n =32) and C (n = 2),
alcohol-induced hepatitis (n=11) or an unknown cause
(n=1).

We obtained information regarding results of biochemical
tests and oesophagogastroduodenoscopy (EGD) by reviewing
medical records to compare their diagnostic performance for
predicting liver cirrhosis or oesophageal varices between
MRE and serum fibrosis markers such as aspartate amino-
transferase to platelet ratio index (APRI) and fibrosis index
based on the four factors (FIB-4). All biochemical test results
were obtained within 1 month of the MR examination. Of the
46 liver cirrhosis patients, 31 underwent EGD for variceal
screening within 3 months before or after MR examination.
Oesophageal varices were graded as follows: grade 0=no
varices; grade 1 =small straight varices; grade 2 = enlarged
tortuous varices occupying less than one third of the lumen;
grade 3 = large coil-shaped varices occupying more than one
third of the lumen [13].

MRI examination

All MR examinations were performed on a 3-T MR scanner
(Magnetom Skyra, Siemens Healthcare GmbH, Erlangen,
Germany) using the 18-element body matrix and 412 ele-
ments of the integrated spine matrix coils. The routine liver
MR protocol consisted of the following sequences: breath-
hold axial and coronal T2-weighted half-Fourier acquisition
single-shot turbo-spin-echo, axial T1-weighted dual-echo (in-
phase and opposed-phase), respiratory triggered T2-weighted
fast-spin-echo with fat suppression, T1-weighted GRE with
fat-suppression before and after the injection of contrast agent,
and free-breathing diffusion-weighted imaging using single-
shot EPI. Dynamic imaging and hepatobiliary phase imaging
were performed with injections of gadoxetic acid (Primovist;
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Fig. 1 Flow chart of the study
sample

Gd-EOB-DTPA enhanced liver MR imaging with MR elastography
Between April 27, 2015 and September 30, 2015

90 patients

Too large or multiple masses that replaced
the right lobe of the liver: 4 patients

Only SE-EPI based MRE was performed:
2 patients

A 4

A 4

84 patients underwent four times MRE, that is, before and after gadoxetic acid
administration using both GRE and SE-EPI sequences

v

A 4 ¢

75 patients had
successful MRE scans
on both GRE and SE-

EPI sequences

8 patients had
successful MRE scans
only on SE-EPI
sequence

One patient had
unsuccessful MRE
scans on both GRE and
SE-EPI sequences

Bayer Healthcare, Berlin, Germany). Of the 84 patients in the
sample, 52 patients suspected of having diffuse liver disease
on the basis of dual-ratio Dixon discrimination [25] underwent
multistep adaptive fitting with multi-echo MRI [26, 27].

MRE examination
GRE based MRE

The 60-Hz acoustic wave was delivered by an active
driver (Resoundant Inc., Rochester, MN, USA). A pas-
sive cylindrical driver of 19 cm diameter and 1.5 cm
thickness was placed against the right chest wall over
the liver at the level of the xiphoid process. Then, prop-
agation of shear waves in the liver was produced by
transmitting continuous acoustic vibrations from the ac-
tive driver to the passive driver through a flexible vinyl
tube. Three slices of MRE were obtained for each pa-
tient, and each slice required 18-s breath-holds at the
end-expiratory period. When acquisition was completed,
the wave images were automatically processed by the
MR scanner and images depicting tissue stiffness
(elastograms) quantitatively in units of kilopascals
(kPa) were generated. In addition, the scanner software
produces confidence maps to exclude areas of unreliable
results, which may be caused by artefacts such as sig-
nificant wave interference or oblique wave propagation,
and elastograms with 95% confidence threshold were
produced.

@ Springer

SE-EPI based MRE

The same wave generation setup was used as in GRE-based
MRE. A prototype 2-dimensional SE-EPI sequence was used.
Three slices with the same positions as in the GRE acquisition
were obtained in a single 7-s breath-hold at the end-expiratory
period. Elastograms and confidence maps were generated
using the same scanner software as for GRE-MRE.

Post-contrast MRE using both GRE and SE-EPI was con-
ducted in the same manner during the time period between the
10 min and 20 min hepatobiliary phase imaging. The details of
MRE scan parameters are summarized in Table 1.

Table 1 MR parameters used for MRE acquisition
SE-EPI GRE
TR/TE (ms) 600/48 50/22
FOV (cm) 38 38
Matrix 128 x104  128%x96
Number of slices 3 3
Slice thickness (mm) 5 5
Flip angle (degree) 90 25
Motion encoding direction Z b4
Parallel imaging acceleration factor 2 3
(GRAPPA)
Acquisition time 7s 54s

(18 s x 3 slices)

TR repetition time, TE echo time, MEG motion encoding gradient,
GRAPPA generalized autocalibrating partially parallel acquisitions



Eur Radiol (2017) 27:4120-4128

4123

15

10

Count

25 5.0 75 10.0
Liver stiffness (kPa)

Fig. 2 Histogram shows a positively skewed distribution of liver
stiffness in the 83 successful precontrast SE-EPI-MREs

Imaging analysis

All MRE examinations were interpreted by one radiologist
with 9 years of experience in liver MR imaging. The mean
shear stiffness of the liver was calculated by placing manually
specified ROIs into the stiffness maps of MRE images. Three
circular ROIs of 1-2 cm diameter were drawn in three contig-
uous slices of confidence maps (total of nine ROIs) in the
hepatic parenchyma excluding major blood vessels, liver
edges and motion artefacts. To evaluate the interobserver
agreement of LS measurements, another radiologist with
4 years of experience in liver MR imaging measured the
values in the same manner for the 83 successful precontrast
SE-EPI-MRE:s. To estimate hepatic iron content, three ROIs
were placed on a corresponding R2" map of the multistep
adaptive fitting approach with multi-echo MRI at main portal
vein level. T2" was calculated as the reciprocal of R2"
(T2" =1/R2") [25].

Review of failures

All cases rated as failed by the radiologists were reviewed for
potential causes in consensus by one radiologist with 9 years
of experience in liver MR imaging and a technical expert with
4 years of experience with MRE.

Statistical analyses

All statistical analyses were performed using R software (ver-
sion 3.2.4; http://www.R-project.org). Continuous variables
were described as medians with interquartile ranges (IQRs);
possible differences between groups were tested by Mann—
Whitney U tests. Interobserver agreement was measured using
the intraclass correlation coefficient (ICC). A receiver

Fig. 3 An example of GRE-MRE failure due to iron overload in a 71-
year-old man with alcoholic liver cirrhosis and hepatocellular carcinoma.
a On the R2* map, T2* value was calculated to be 5 ms, which indicates
mild to moderate iron overload. b The precontrast SE-EPI-MRE (95%
confidence map) shows increased LS value of 3.13 kPa in the right lobe of
the liver. ¢ The precontrast GRE-MRE (95% confidence map) shows no
measurable area

operating characteristic (ROC) curve was generated for the
LS value measured via the two MRE sequences, APRI and
FIB-4, and to determine the optimal cut-off for the detection of
clinical liver cirrhosis and identification of high-risk oesoph-
ageal varices. The area under the ROC curve (AUC) was
calculated as a measure of diagnostic performance. The sen-
sitivity and specificity were also calculated. Fisher’s exact test
was used to determine whether the failure rates were different
between the two MRE sequences. The relationship between
T2" and successful LS measurement was tested using logistic
regression analysis with the calculation of odds ratios with
95% confidence intervals (CI). The difference between LS
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before and after gadoxetic acid administration was analysed
using paired ¢ tests. Correlations of LS between the two se-
quences or before and after gadoxetic acid administration
were analysed by Pearson’s correlation coefficient analysis
and Bland—Altman plots in 75 patients who had successful
MRE scans using both SE-EPI and GRE sequences. P values
less than 0.05 were considered to indicate significant
differences.

Results

Distribution of liver stiffness measurements
and interobserver agreement

The median value of LS in the 83 successful precontrast SE-
EPI-MREs was 3.47 kPa (range, 1.90-9.12; IQR, 2.44-5.01)
with a broad positively skewed distribution (Fig. 2). The in-
terobserver agreement of the two radiologists was excellent,
with ICC of 0.911.

Diagnostic performances of MRE and serum fibrosis
markers in detecting clinical liver cirrhosis

The diagnostic performance of MRE (AUCgrg = 0.948;
AUCgg gpr =0.938) was superior to that of serum fibrosis
markers (AUCppr; = 0.914; AUCgz_4 = 0.915) for identifying
clinical liver cirrhosis, resulting in higher sensitivity (92.3%
and 95.7% for GRE and SE-EPI vs. 84.8% and 94.4% for

Fig. 4 An example of GRE-
MRE failure due to poor wave
propagation posed by anterior
interposition of the colon and
visceral fat to the liver in a 52-
year-old-man with chronic
hepatitis B-associated liver
cirrhosis and hepatocellular
carcinoma. The T2* value was
calculated to be 20.8 ms, which
indicates no iron overload (not
shown). a Arterial phase of T1
weighted GRE fat-suppressed
image shows anterior
interposition of the colon and
peritoneal fat to the liver. b The
precontrast SE-EPI-MRE (95%
confidence map) shows increased
LS value of 3.27 kPa in the right
lobe of the liver. ¢ The precontrast
GRE-MRE (95% confidence
map) shows an insufficient
measurable area. d A GRE-MRE
wave image shows poor wave
propagation

@ Springer

APRI and FIB-4) while maintaining specificity (94.3% and
88.9% for GRE and SE-EPI vs. 94.4% and 77.8% for APRI
and FIB-4). Although GRE-MRE had slightly higher AUC
than SE-EPI-MRE, the values were not significantly different
(P=0.235). The optimal cut-off value based on the ROC
curve was as follows: GRE, 3.03 kPa; SE-EPI, 3.06 kPa;
APRI, 0.603; FIB-4, 1.833.

Diagnostic performances of MRE and serum fibrosis
markers in discriminating high-risk varices

Fifteen patients had oesophageal varices (grade 1 = 8 patients;
grade 2 =7 patients). Patients were divided into two groups: a
low-risk group (grade 0—1 = 24 patients) and a high-risk group
(grade 2-3 =7 patients). In discriminating high-risk varices
(>grade 2), SE-EPI-MRE showed higher diagnostic perfor-
mance (AUC =0.839) than GRE-MRE, APRI and FIB-4
(AUC =0.752, 0.702 and 0.780, respectively), but did not
reach significance (P> 0.05). The optimal cut-off value based
on the ROC curve was as follows: GRE, 4.493 kPa; SE-EPI,
5.880 kPa; APRI, 1.293; FIB-4, 4.815. It should be noted that
of the 31 patients who underwent EGD, five patients were
excluded when generating the ROC curve of GRE-MRE be-
cause of failures in GRE-MRE.

Failures

SE-EPI-MRE failed in one patient (1.19%) and GRE-MRE
failed in nine patients (10.71%, P=0.018). Eight of nine
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patients with GRE-MRE failure underwent liver MRI for
follow-up of chronic liver disease. Six of nine patients with
GRE-MRE failure had a short T2, indicating elevated iron
deposition (Fig. 3), while the remaining three failures were
mainly due to poor encoding of wave propagation (Fig. 4).
The patient-specific causes of poor wave propagation were
anterior interposition of visceral fat and colon to the liver
(n=2) and poor image phase SNR (n=1). There were no
cases of failure due to respiratory motion artefacts.

Relationship between successful LS measurement
on GRE-MRE and hepatic iron content

Of 52 patients who underwent multistep adaptive fitting ap-
proach with multi-echo MRI for hepatic iron quantification,
44 and 8 patients had successful and failed GRE-MRE, re-
spectively. The median T2* of the failure group was signifi-
cantly lower (8.84 ms; IQR, 4.44-20.00) than that of the suc-
cess group (22.48 ms; IQR, 19.62-25.98; P=0.001; Fig. 5a).
On the basis of logistic regression analysis, increased T2" was
related to higher probability of successful LS measurement
(odds ratio, 1.426; 95% CI, 1.185-1.974; P =0.004; Fig. 5b).

Correlations between SE-EPI and GRE-MRE

The measured LS values ranged from 1.90 kPa to 9.12 kPa
(median, 3.47 kPa; IQR, 2.44-5.01) and 1.78 kPa to 9.92 kPa
(median, 3.33 kPa; IQR, 2.36-5.20) for precontrast and
postcontrast SE-EPI-MRE. LS values for GRE sequences
ranged from 1.62 kPa to 10.06 kPa (median, 3.17 kPa; IQR,
2.17-4.91) and 1.70 kPa to 10.38 kPa (median, 3.25 kPa;
IQR, 2.13-4.64) for precontrast and postcontrast GRE-
MRE. LS values were not significantly different between
precontrast SE-EPI and precontrast GRE-MRE, with a corre-
lation coefficient of 0.951 (P <0.0001). Bland—Altman 95%
limits of agreement (LOA) between precontrast SE-EPI and
precontrast GRE-MRE are depicted in Fig. 6a.

After gadoxetic acid administration, the correlation coeffi-
cient between postcontrast SE-EPI and postcontrast GRE-
MRE was 0.967 (P <0.0001). Bland—Altman 95% LOA be-
tween postcontrast SE-EPI and postcontrast GRE-MRE is
depicted in Fig. 6a.

Correlations between pre- and postcontrast MRE

No significant differences were observed between LS values
measured before and after gadoxetic acid administration (SE-
EPI-MRE, P =0.296; GRE-MRE, P =0.714). The correlation
coefficients were 0.976 (P<0.0001) and 0.987 (P<0.0001)
for SE-EPI-MRE and GRE-MRE, respectively. Bland—
Altman 95% LOA between precontrast and postcontrast SE-
EPI-MRE and GRE-MRE is depicted in Fig. 6b.
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Fig. 5 a Box and whisker plot shows distribution of T2* in patients with
failure and success of GRE-MRE. Median T2* value was significantly
lower in patients with failure (P =0.001). b The graph shows predicted
probabilities of successful measurement as a function of T2*. Light blue
shaded area indicates 95% confidence interval. Increased T2* was
associated with significantly higher probability of successful
measurement (P = 0.004)

Discussion

In our study, two MRE sequences each were performed
for 84 patients at 3 T, showing excellent correlations in
LS values between SE-EPI-MRE and GRE-MRE. The
diagnostic accuracy of SE-EPI-MRE was not inferior to
that of GRE-MRE for the detection of clinical liver cir-
rhosis and high-risk oesophageal varices. Also of note is
that SE-EPI-MRE was successful for most cases in which
GRE-MRE failed. The results provide motivation for
converting existing 3-T MR systems that currently use
GRE-MRE to SE-EPI-MRE because this will provide a
considerable improvement in technical success rates.
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Fig. 6 a Bland-Altman plots showing distributions of differences
against the means of SE-EPI and GRE-MRE. Mean difference (solid
line) was 0.33 and 0.25 for precontrast and postcontrast MRE,
respectively. 95% LOA (dashed line) was —0.81 kPa to 1.47 kPa and
—0.72 kPa to 1.22 kPa for precontrast and postcontrast MRE,
respectively. b Bland—Altman plots showing distributions of differences
against the means of precontrast and postcontrast MRE. Mean difference
(solid line) was 0.07 and 0.01 for SE-EPI and GRE sequences,
respectively. The 95% LOA (dashed line) was —0.76 kPa to 0.90 kPa
and —0.60 kPa to 0.58 kPa for SE-EPI and GRE sequences, respectively

This study is also unique in showing the effects of
gadoxetic acid on 3-T MRE. The paramagnetic effects
of gadoxetic acid may affect the phase changes of protons
in the liver [18]. In previous studies, it had been shown
that LS values measured by 1.5-T GRE-MRE did not
differ before and after administration of gadoxetic acid
or gadopentetic acid [18, 22]. In our study, the lack of
influence of gadoxetic acid on the measured LS was con-
firmed and extended to 3-T SE-EPI-MRE and GRE-MRE,
while gadoxetic acid-induced phase changes were not

@ Springer

investigated. On the basis of our results, either SE-EPI-
MRE or GRE-MRE could be implemented between the
10 min and 20 min hepatobiliary phase sequences of
gadoxetic acid-enhanced MRI. In the context of our daily
practice environment, with limited time for each MR ex-
amination, MRE can thus be advantageously carried out
without requiring additional examination time.

Multiple investigations have shown that MRE has superior
diagnostic performance compared to other non-invasive
methods [4, 8—11]. Consistent with these previous studies,
MRE in our study had similarly high diagnostic accuracy com-
pared to APRI and FIB-4. However, the cut-off values of MRE
for detection of liver cirrhosis in our study were lower (GRE,
3.03 kPa; SE-EPI, 3.06 kPa) than those reported in the literature
for histopathologic cirrhosis with chronic hepatitis B (3.67 kPa)
and C (4.60 kPa) [28, 29]. These discrepancies probably reflect
the fact that the clinically diagnosed liver cirrhosis group in our
study included patients with lower grades of histopathologic
fibrosis as well as cirrhosis. Although the two MRE sequences
yielded similar diagnostic accuracy for the detection of clinical
liver cirrhosis, SE-EPI-MRE had higher accuracy for high-risk
oesophageal varices than GRE-MRE (AUC = 0.839 vs. 0.752,
respectively). This difference is probably due to the exclusion
of five patients who failed in GRE-MRE from the generation of
the ROC curve.

In our study, iron overload was the most common cause of
failure of GRE-MRE (6 of 9). As expected, logistic regression
analysis revealed that increased iron content (i.e. decreased
T2") was associated with an increased risk of GRE-MRE fail-
ure. However, some patients failed GRE-MRE even without
iron overload. In a recent study by Wagner et al. [17], the
higher image quality of the SE-EPI-MRE was explained by
its shorter acquisition time as well as insensitivity to T2" de-
cay. In their study, scan time per acquisition, which is related
to respiratory motion artefacts, was longer in SE-EPI-MRE
(16 s due to four slices in one acquisition) than GRE-MRE
(14 s). Therefore, we believe that scan time should not be
considered a sole risk factor of failure for GRE-MRE. In our
study, each breath-hold for GRE-MRE (18 s) was longer than
the single breath-hold required for SE-EPI-MRE (7 s). Despite
the longer breath-hold time in GRE-MRE, there were no fail-
ures due to respiratory motion artefacts, which can be easily
detected in magnitude images. Therefore, we hypothesize that
failures in GRE-MRE, except for cases due to iron overload,
are linked to patient-related factors including severe atrophic
changes in liver-altering appropriate wave propagation and
poor image SNR. Sequence-related factors affecting the qual-
ity of wave encoding are SNR in the image phase, which may
be higher for SE-EPI than for GRE, and may explain the lower
failure rates of SE-EPI-MRE. Wave encoding can be impaired
by several patient-related factors (fat interposition) or setup
(driver placement and belt tension), but these presumably af-
fected both GRE and SE-EPI equally.
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SE-EPI-MRE has several advantages compared to GRE-
MRE. In a recent study, SE-EPI-MRE showed better subjec-
tive image quality and larger confidence maps in comparison
with GRE-MRE [17]. Also, because of its shorter acquisition
time, SE-EPI-MRE allows multiple slice acquisition in a sin-
gle breath-hold, which results in an increased liver coverage.
Large areas of coverage for LS measurement are one of the
major strengths of MRE compared with other imaging modal-
ities and liver biopsy [4, 30]. With larger confidence maps in
SE-EPI-MRE, measured LS values would likely represent a
more generalized assessment of diffuse liver disease [17]. In
addition, SE-EPI-MRE is less prone to iron deposition or field
inhomogeneity-related effects, since SE-EPI is less sensitive
to transversal signal relaxation than GRE [31]. In line with
this, six patients with iron deposition (i.e. short T2*) in our
study failed only GRE-MRE.

Our study had several limitations. First, our study was lim-
ited by its retrospective design. Second, there was no patho-
logic proof of liver fibrosis, and thus we could not determine
the exact performance of MRE for the detection and staging of
liver fibrosis. Third, the details of both MRE pulse sequences
were not optimized. Fourth, we did not evaluate the image
quality of SE-EPI-MRE and GRE-MRE.

In conclusion, we observed excellent reproducibility for LS
between SE-EPI-MRE and GRE-MRE at 3 T with no evi-
dence of influence of gadoxetic acid administration. We also
demonstrated that the failure rate of SE-EPI-MRE is signifi-
cantly lower than that of GRE-MRE. Thus, SE-EPI-MRE is a
better alternative than GRE-MRE, especially in patients with
iron deposition, who are likely to fail GRE-MRE.
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