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PURPOSE
This study aimed to assess the agreement between liver stiffness (LS) values obtained by the gra-
dient-recalled echo (GRE) magnetic resonance elastography (MRE) and spin-echo echo-planar 
imaging (SE-EPI) MRE with those of transient elastography (TE), respectively.

METHODS 
We retrospectively included 48 participants who underwent liver MRE with both GRE and SE-EPI 
sequences in the same session and also TE within 1 year. We obtained LS values for MRE by draw-
ing free-hand region of interest, and TE was performed using a FibroScan device. We assessed 
the relationship between the mean LS values obtained by each MRE sequence and TE using the 
correlation coefficients and Bland–Altman plots, respectively. We also compared LS values and 
technical failure rates of measured values from MRE between SE-EPI and GRE sequences using 
the paired t-test and McNemar’s test. The MRE failure was defined as the absence of pixel value 
with a confidence index above 95%.

RESULTS
The LS values from SE-EPI and GRE sequences strongly correlated with those from TE (GRE; 
r = 0.73, P < .001 vs. SE-EPI; r = 0.79, P < .001). In addition, the LS values from the 2 MRE sequences 
showed excellent relationship (intraclass correlation coefficient, 0.94 [0.89-0.97], P < .001). The LS 
values from SE-EPI and GRE MRE were not significantly different (4.14 kPa vs. 3.88 kPa, P = .19). 
Furthermore, the technical success rate of SE-EPI MRE was superior to that of GRE (100% vs. 
83.8%, P = .031).

CONCLUSION
The measured LS values obtained using TE correlated strongly with those obtained using GRE 
and SE-EPI MRE techniques, even though SE-EPI-MRE resulted a higher technical success rate 
than GRE-MRE. Therefore, we believe that TE, GRE, and SE-EPI MR elastography techniques may 
complement each other according to the appropriate individual situation.

Currently, hepatic fibrosis is considered to have the potential to be reversed with 
treatment, especially during the early stages, but can progress to cirrhosis if left 
untreated.1-3 Thus, the identification and staging of fibrosis prior to the develop-

ment of liver cirrhosis (LC) are important when managing chronic liver disease (CLD),4 
which includes chronic hepatitis, alcoholic liver disease, and non-alcoholic fatty liver dis-
ease (NAFLD).

Variable non-invasive techniques for evaluating liver fibrosis including transient elas-
tography (TE), ultrasound shear wave elastography, and magnetic resonance elastography 
(MRE) have been developed.5-7 Among these techniques, TE, which measures the veloc-
ity of acoustic shear waves traveling the liver using ultrasound,8 is the most validated and 
highly reproducible technique for diagnosing liver fibrosis.9-11 However, high failure rates 
and unreliable measurements in patients with obesity or ascites are known to be major 
weaknesses of TE.12,13

Meanwhile, MRE is the non-invasive imaging modality available with the highest diagnos-
tic accuracy in evaluating liver elasticity.14-16 Based on magnetic resonance imaging (MRI), the 
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propagating shear waves through the liver 
are imaged and processed using an algo-
rithm to generate cross-sectional images 
displaying the magnitude of the complex 
shear modulus.17 Compared to ultrasound-
based techniques, MRE can provide more 
comprehensive liver imaging examinations 
and larger coverage.17,18

Until recently, the most common pulse 
sequence used for MRE has been based 
on gradient-recalled echo (GRE) sequence, 
after being well-validated for liver stiffness 
(LS) evaluation by many previous stud-
ies.17,19,20 However, GRE MRE is known to be 
more sensitive to T2* decay, which results in 
a high technical failure rate in the iron-over-
loaded liver.20 On the other hand, the spin-
echo echo-planar imaging (SE-EPI) MRE 
sequence, a relative newcomer, is less 
affected by transverse relaxation signal 
decay21,22 and has resulted in a higher over-
all technical success rate than GRE MRE with 
shorter acquisition time and no significant 
difference in LS values.17,20,23

In the context of developing the appro-
priate clinical approach for non-invasive 
assessment of liver fibrosis, there is intense 
interest in the correlation between alterna-
tive techniques. In several studies compar-
ing TE and GRE MRE, MRE has been found 
to be generally superior to TE in diagnosing 
hepatic fibrosis.16,24,25 However, there are 
only a few studies comparing SE-EPI MRE 
and TE,26 and there is no published study so 
far as we know that compares the LS values 
obtained by GRE MRE, SE-EPI MRE, and TE in 
the same study participants.

Accordingly, the purpose of this study is 
to assess the agreement between the LS 
values obtained by GRE MRE and SE-EPI 
MRE with those obtained by TE, respec-
tively. In addition, we aimed to compare 
the LS values and technical success rates 
obtained by GRE MRE and SE-EPI MRE in the 
same setting.

Methods
Patients

This study was approved by our 
institutional review board (approval no.: 
2001-002-19296), and the requirement 
for informed consent was waived due 
to the retrospective nature of this study. 
Between April 2018 and December 2019, 
we identified 476 MREs, which were 
performed using both GRE and SE-EPI 
techniques, as part of the routine liver 
MR examination at our hospital. Of these, 
49 patients had undergone TE within a 
1-year interval. Of these 49 patients, we 
excluded patients with too many or too 
large hepatic masses to draw a region of 
interest (ROI) in the liver parenchyma, but 
only one patient was excluded because of 
a large hepatic mass (n = 1). None of the 
studies had technical errors to exclude in 
our study. Finally, 48 patients (mean age, 
61 years; range, 30-80 years) were included 
in our study. The indications for liver MR 
examination included hepatocellular 
carcinoma (HCC) screening or surveillance 
(n = 40; 83.3%), other hepatic malignancy 
such as metastases (n =5; 10.4%), benign 
focal hepatic lesions (n = 2; 4.2%), and 
others (n = 1; 2.1%).

MRI and MRE acquisition
All patients were scanned using a 3T 

MR unit (MAGNETOM Skyra; Siemens 
Healthcare) equipped with a 30-element 
body array coil and an integrated 32-ele-
ment spine array coil. The patients were 
instructed to fast for 4-6 hours before the 
scan to reduce potential confounding fac-
tors. The MR sequences for the routine 
liver protocol consisted of the following 
sequences: breath-hold axial and coronal 
T2-weighted half-Fourier acquisition sin-
gle-shot fast spin-echo, axial T1-weighted 
dual-echo (in-phase and opposed-phase), 
breath-hold T2-weighted fast spin-echo 
with fat suppression, axial diffusion-
weighted imaging, and axial 3D fat-sup-
pressed T1-weighted imaging before and 
after the intravenous contrast injection.

Liver MRE series were obtained before 
the intravenous administration of contrast 
agent (gadoxetic acid, Primovist®). The MRE 
wave was generated with a passive acous-
tic driver placed against the anterior body 
wall over the right hemi-liver. Continuous 
vibrations at 60 Hz were generated by the 
active acoustic driver (Resoundant) through 
a tube to the passive driver, to induce shear 

wave propagation in the liver. For the GRE 
sequence, 4 axial sections through the liver 
were acquired in 4 consecutive end-expira-
tory breath-holds with a total acquisition 
time of 76 s. For the SE-EPI MRE sequence, 
all 4 sections were obtained in a single 
end-expiratory 11-second breath-hold. The 
detailed parameters of the MRE scan are 
shown in Table 1. The images depicting the 
relative tissue shear stiffness (elastogram) in 
kilopascals (kPa) were created by automati-
cally processing the wave images by the 
MR scanner in measurable gray scale and a 
color overlay. In addition, to exclude regions 
of less reliable data, the process provided 
superimposed “confidence” maps with a 
checkerboard pattern overlaid on the elas-
tograms with corresponding confidence 
values of less than 95%.

Analysis of MRE
All MRE data were analyzed by 2 

radiologists (an abdominal radiologist 
with 10 years of experience and a second-
year resident in training) in consensus to 
establish appropriate ROI for each data set. 
Two reviewers performed LS measurements 
by drawing free-hand ROIs on the grayscale 
elastogram of liver, avoiding large vessels, 
liver margins, and space-occupying 
lesions. A total of 8 ROI values could be 
obtained if all sequences were successful 
in both GRE and SE-EPI sequences. The 
reliable areas for measurement, without 
a checkerboard pattern, in each image 
slices were also obtained. Technical failure 
of MRE was determined if the area of pixel 
value with a confidence index above 95% 
and/or imaged apparent shear waves were 
absent.20 The overall mean LS values of 
each patient were obtained by calculating 
the average of each ROI, weighted by ROI 
size, according to RSNA QIBA profile. The 
median ROI areas in 4 sections in each MRE 
sequence were calculated, if possible.

Failure factors of MRE
Clinical and radiologic data were reviewed 

to collect clinical factors that might be 
related to the technical failure of an MRE, 
including body mass index (BMI), the pres-
ence of ascites, iron deposition, a mor-
phological feature of the liver (cirrhosis vs. 
non-cirrhosis), and the etiology of liver dis-
ease. We also assessed the Child–Turcotte–
Pugh (CTP) score in cases with cirrhotic 
liver. The presence and amount of ascites 
were assessed using a 4-degree scale as fol-
lows: 0, none; 1, small; 2, moderate; and 3, 

Main points

•	 The liver stiffness (LS) values measured 
by transient elastography (TE) and those 
of gradient-recalled echo (GRE) and spin-
echo echo-planar imaging (SE-EPI) MRE 
techniques are strongly correlated with 
one another.

•	 The technical success rate of SE-EPI MRE 
was superior to that of GRE MRE without a 
significant difference in LS values.

•	 Therefore, TE, GRE, and SE-EPI MRE 
techniques may complement each other 
in appropriate individual situations.
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massive amount of ascites. Significant iron 
accumulation was evaluated with the auto-
matically calculated R2* (1/T2*) value from 
a 3-dimensional (3D) multi-echo Dixon 
sequence27 (LiverLab; Siemens Healthcare). 
A significantly increased iron accumulation 
was defined as an R2* value of greater than 
or equal to 115 per second.28 The cirrhotic 
morphology of liver was determined based 
on other routine liver MRI sequences such 
as T2-weighted imaging.

Transient elastography
All patients underwent TE using a 

FibroScan device by experienced sonogra-
phers, according to the previously described 
methods.8 The patients were asked to fast for 
at least 4 h before the examination and were 
scanned by applying a 3.5 MHz ultrasound 
transducer (M-probe) mounted on a vibra-
tor. The vibrator generated shear stress of 50 
Hz (amplitude, 2 mm), and the induced shear 
wave propagated through the liver, which 
is also tracked using the co-axial ultrasound 
transducer. At least 10 TE measurements 
were performed for each patient to obtain 
valid LS values in kPa, and a median value 
was obtained. Reliable measurements were 
defined as: (i) a median value of 10 valid mea-
surements24 and (ii) an interquartile range 
(IQR = difference between the 75th and 
25th percentiles of the data) divided by the 
median LS measurement value ≤30%.29

Statistical analysis
The results are presented as mean or 

median values (and 95% CIs) for quantita-
tive data. The relationships between the 
mean LS values obtained by each MRE 
sequence and TE were analyzed using cor-
relation coefficients. The Bland–Altman 
plots were generated separately for pooled 
data to assess agreement between both 
MRE and TE-derived LS values. We used 
the TE to MRE ratios instead of the differ-
ences for the Bland–Altman plots because 
the variability of the differences increases 
as the magnitude of the LS measurement 
increases. The patients were categorized 
into chronic hepatitis B (CHB) group and 
non-CHB group based on etiology of liver 
disease. The correlation coefficients values 
according to etiology (CHB group vs. non-
CHB group) and liver morphology (cirrho-
sis vs. non-cirrhosis) were compared using 
Fisher Z test. The mean LS values and the 
median areas of confidence for LS measure-
ment between SE-EPI and GRE MRE in the 
same participants were compared using 

Table 1.  Imaging parameters of GRE versus SE-EPI MRE

Parameter GRE MRE SE-EPI MRE

Pulse sequence type GRE EPI

Matrix 128 × 76 100 × 100

Field of view (cm) 380 × 226 380 × 380

TR/TE (ms) 50/23.75 1000/47

Bandwidth (Hz/pixel) 260 2380

No. of sections 4 4

Section thickness (mm) 5 6

Flip angle (degree) 25 90

Gap (mm) 10 12

MEG frequency (Hz) 60 60

Motion encoding direction z z

No. of breath holds 4 1

Acquisition time (s) 76 (19 × 4 sections) 11

GRE, gradient-recalled echo; SE-EPI, spin-echo echo-planar imaging; MRE, magnetic resonance elastography; 
TE, echo time; TR, repetition time; MEG, motion encoding gradient.

Table 2.  Characteristics of the study population

Patient characteristics
Total (n = 48)

Age (years), mean (range) 61 (30-80)

Sex (male/female) 28/48 (58%)/20/48 (42%)

Indications for MRE HCC screening/surveillance 40/48 (83.3%)

Other malignant lesions 5/48 (10.4%)

Benign focal liver lesions 2/48 (4.2%)

Others 1/48 (2.1%)

BMI(kg/m2), mean (range) 24.1 (18.8-30.5)

<30 45/48 (93.7%)

>30 3/48 (6.3%)

LC, 38/48 (79%) CTP A 32/38 (84.2%)

B 5/38 (13.1%)

C 1/38 (2.6%)

Non-LC, 10/48 (21%) CLD 8/10 (80%)

Normal liver 2/10 (20%)

Ascites None 34/48 (70.8%)

Small 12/48 (25%)

Moderate 1/48 (2.1%)

Massive 1/48 (2.1%)

Etiologies of liver disease HBV 26/48 (54.2%)

HCV 3/48 (6.3%)

Alcohol abuse 10/48 (20.8%)

Autoimmune 1/48 (2.1%)

NAFLD 1/48 (2.1%)

Other 7/48 (14.6%)

Iron deposition 1/48 (2.1%)

MRE, magnetic resonance elastography; HCC, hepatocellular carcinoma; BMI, body mass index; LC, liver cirrhosis; 
CTP, Child–Turcotte–Pugh; CLD, chronic liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, non-
alcoholic fatty liver disease.
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the paired t-test. Furthermore, McNemar’s 
test was used to compare the technical 
success rates of MRE in SE-EPI and GRE. To 
identify factors associated with MRE fail-
ure, univariable logistic regression analyses 
were performed. MedCalc® software (ver-
sion 19.1) was used for the statistical analy-
sis and a 2-sided P value of less than .05 was 
considered statistically significant.

Results
We assessed a total of 48 pairs of MRE 

and TE examinations in this study. There 
were no technical issues preventing the 

acquisition of either sequence. The median 
time interval between MRE and TE was 29 
days (range, 0-338 days). The mean BMI was  
24.1 ± 2.8 kg/m2 (range, 18.8-30.5 kg/m2).

Of the 48 patients, the majority 
(n = 38) had LC, 8 showed CLD configura-
tion, and normal liver configuration was 
seen in 2 patients. Regarding the ascites, 
46 patients had no or scanty amount of 
ascites, whereas the other 2 patients mani-
fested with moderate or massive amount of 
ascites. The etiologies of liver disease were 
as follows: CHB (n = 26; 54.2%), chronic hep-
atitis C (CHC) (n = 3; 6.3%), alcohol abuse 
(n = 10; 20.8%), autoimmune hepatitis 

(n = 1; 2.1%), NAFLD (n = 1; 2.1%), and oth-
ers (n = 7; 14.6%). Only one of the patients 
showed significantly increased iron depo-
sition; R2* value: 187.5/s (n = 1; 2.1%). The 
detailed patient characteristics are pre-
sented in Table 2.

The average of LS values measured 
with TE was 21.1 kPa (range, 3.8-75.0 kPa). 
The LS values from GRE and SE-EPI MRE 
strongly correlated with those from TE (GRE 
r = 0.73, P < .001 vs. SE-EPI r = 0.79 [0.66-
0.88], P < .001). In addition, agreement was 
excellent between the measured LS values 
at the 2 MRE sequences (intraclass correla-
tion coefficient, 0.94 [0.89-0.97], P < .001). 
Bland–Altman analysis demonstrated mean 
ratios of 3.86 (TE/GRE range, 1.24-12.06, 
P < .001) and 3.58 (TE/SE-EPI range, 1.04-
12.32, P < .001) between the LS values from 
TE and each MRE sequences, respectively. It 
also showed that TE to MRE ratio tends to 
increase as the mean of TE LS and MRE LS 
increases. A total of 47 out of 48 patients' 
LS values (97.9%) and 40 out of 42 patients’ 
LS values (95.2%) fell within the 95% predic-
tion limits of agreement for SE-EPI MRE ver-
sus TE and GRE MRE versus TE, respectively 
(Figure 1).

Correlation between LS from SE-EPI MRE 
and TE was significantly weaker in the CHB 
group than in the non-CHB group (CHB 
r = 0.50 [0.14-0.74] vs. non-CHB r = 0.93 
[0.84-0.97], P < .001). Conversely, a correla-
tion between LS from GRE MRE and TE in 
the CHB and non-CHB groups was not sta-
tistically significant (CHB r = 0.58 [0.22-0.80] 
vs. non-CHB r = 0.80 [0.55-0.92], P = .16) 
(Table 3).

When the etiology was adjusted, the 
correlation between LS from MRE and TE 
was significantly stronger in the non-LC 
group than in the LC group in both MRE 
sequences; the results were as follows: non-
LC versus LC group, SE-EPI_TE (r = 0.96 vs. 
0.78, P = .003), GRE_TE (r = 0.96 vs. 0.70, 
P = .001) (Table 3).

The LS values for the individual patients 
as measured ranged from 1.62 to 11.14 kPa  
(median, 3.40 kPa) at GRE MRE and from 
2.20 to 8.50 kPa (median, 3.81 kPa) at SE-EPI 
MRE. The LS values from GRE and SE-EPI 
MRE were not significantly different (GRE 
3.88 kPa vs. SE-EPI 4.14 kPa; P = .19). The 
median ROI area for measurement was sig-
nificantly larger in SE-EPI than in GRE MRE 
(SE-EPI 7475.58 ± 3031.48 mm2 vs. GRE 
2571.39± 1885.91 mm2, P < .001) (Figure 2).

While there was no technical failure in 
the SE-EPI group, 6 failures (12.5%) were 

Figure 1. a-c.  Bland–Altman plots (a-c) are generated with data from mean liver stiffness values 
based on GRE and SE-EPI MRE sequences and TE;  the dotted red lines indicate 1.96 standard 
deviations above and below the mean and the solid green whiskers indicate the 95% prediction 
limits of the standard deviations and the pink line indicates the regression line. MRE, magnetic 
resonance elastography; GRE, gradient recalled echo; SE-EPI, spin-echo echo-planar imaging; 
TE, transient elastography; SD, standard deviation.

Table 3.  Comparison of correlations between LS on each MRE sequence and TE in CHB versus 
non-CHB groups and LC versus non-LC groups

CHB Non-CHB P LC Non-LC P

Correlation 
coefficient (r)

SE-EPI 
MRE and 
TE

0.5018 0.9351 <.001 0.7795 0.9566 .003

GRE MRE 
and TE

0.5830 0.8013 .16 0.6951 0.9585 .001

LS, liver stiffness; MRE, magnetic resonance elastography; TE, transient elastography; CHB, chronic hepatitis B; 
SE-EPI, spin-echo echo-planar imaging; GRE, gradient-recalled echo.
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found in the GRE MRE group. All patients 
with failure in the GRE MRE group had LC 

in morphological analyses. Among them, 
1 patient had significant iron deposition 

(Figure 3) and another had BMI greater 
than 30; that is 30.1. The technical success 
rates in both MRE scans were significantly 
different (100.0% (SE-EPI) vs. 87.5% (GRE), 
P = .03). Meanwhile, none of the param-
eters were found to be significantly associ-
ated with GRE MRE failure in the univariate 
analysis (all P > .05). The characteristics 
of the failure group are summarized in 
Table 4.

Discussion
Our study demonstrated that the LS 

results between TE and MRE generated by 
SE-EPI and GRE sequences strongly cor-
related with each other (r = 0.79, P < .001 
and r = 0.74, P < .001, respectively). To our 
knowledge, there has been no study to 
compare the hepatic stiffness obtained 
by GRE MRE, SE-EPI MRE, and TE in the 
same study population. In previous stud-
ies comparing GRE MRE and TE,16,24,25,30 
GRE MRE correlated well with TE and had 
better diagnostic performance than TE for 
detection and staging of hepatic fibrosis. 
Nevertheless, few studies have evalu-
ated the correlation between SE-EPI MRE 
and TE. The only prior study published in 
English26 showed comparable accuracy for 
diagnosing significant fibrosis in TE and 
SE-EPI MRE in patients with CHB and CHC. 
Moreover, our results showed a good cor-
relation among non-invasive techniques 
for hepatic fibrosis, that is SE-EPI MRE, GRE 
MRE, and TE.

Regarding etiology of hepatic fibrosis, 
we observed a less correlation between 
LS values from SE-EPI and TE in the CHB 
group, as compared to the non-CHB group 
in our study. Previous literature has shown 
a lower sensitivity of TE or MRE in patients 
with CHB than in those without CHB.31-34  
Our results might be due to the fact that 
histopathologic presentation of hepati-
tis B differs from other etiologies such as 
hepatitis C.31 Histologic features of CHB 
patients are known to have a tendency 
to become macronodular and heteroge-
neous in the liver and thus, result in LS 
values that vary depending on the region 
of the liver and necro-inflammatory 
activity.31,32,35

Correlations between LS values mea-
sured on MRE and TE were significantly 
stronger in patients without LC patients 
than in patients with LC in both MR 
sequences. This may be attributed to the 
heterogeneous distribution of hepatic 

Figure 2. a-d.  A 60-year-old man with multiple hepatocellular carcinomas in the liver. Representative 
GRE and SE-EPI MRE color elastogram (a, c) and gray-scale elastogram (b, d) images showed no 
significant difference between liver stiffness values measured from GRE MRE (a, b) and SE-EPI MRE 
(c, d). The reliable area for measurement, without checkerboard pattern, is significantly larger with 
the elastogram (c, d) using SE-EPI sequence than those with the GRE sequence (a, b), reflecting 
stability and reliability of the examination. 

Figure 3. a-d.  A 67-year-old man with alcoholic liver cirrhosis. Wave image (a) acquired during liver 
MRE examination using a 2-dimensional GRE sequence show irregular and bizarre pattern of the 
shear wave, likely indicating technical failure. However, wave image (c) acquired using a 
2-dimensional SE-EPI sequence in the same patient show relatively regular and well-stratified shear 
wave indicating technical success. Furthermore, there is no pixel value with a confidence index 
higher than 95% in gray-scale elastogram (b) using GRE MRE when compared with elastogram 
(d) using SE-EPI MRE. The patient’s automatically calculated R2* (1/T2*) value from a 3-dimensional 
multi-echo Dixon sequence (LiverLab, Siemens Healthcare) was 187.5/s which indicates iron 
deposition and also is known to result in a higher technical failure rate in GRE MRE. 
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fibrosis, which results in the risk of sampling 
error.36,37 While larger sample volumes can be 
evaluated by MRE, TE measures tissue stiff-
ness over a 1 × 4 cm region of tissue,29 mak-
ing the evaluation of cirrhotic liver tissue  
less reliable.

Our study showed a significantly higher 
technical success rate of SE-EPI MRE than 
that of GRE MRE without a significant differ-
ence in LS values. This result may be related 
to the significantly larger ROI-measurable 
area in the confidence maps of SE-EPI 
MRE than those of GRE MRE. Furthermore, 
the SE-EPI MRE would enable a more gen-
eralized assessment of the liver elastic-
ity (Figure 2). These results are consistent 
with those of several prior studies,20,23,38,39 in 
which SE-EPI MRE resulted a higher techni-
cal success rate, larger measurable ROI area, 
and improved subjective image quality 
compared to GRE MRE.

One of the 2 patients, whose LS value 
did not fall within the 95% prediction limits 
of agreement for GRE MRE versus TE, had 
large ascites which is known to lead to less 
reliable results in both TE and MRE.13,38 The 
other patient had previously undergone 
chemoembolization for ruptured HCC in 
the right hemi-liver. In MRE, ROIs could 
be drawn excluding the mass, but the LS 
measurement may have included the lipi-
odolized portion of the mass, resulting in 
the overestimation of hepatic stiffness. 
Meanwhile, as it is known that technical 
failure rates in GRE MRE increase as the 
deposition of iron in the liver increases,20 LS 
evaluation failed in the patient (n = 1) with 
significant hepatic iron deposition in our 
study (Figure 3).

Despite intense interest in alternative 
approaches to evaluating hepatic fibro-
sis, there is no consensus on the optimal 
approach for liver fibrosis assessment. TE is 
highly portable, widely available, and may 
be preferred over MRE in routine screening 

of advanced fibrosis in a low-risk patient 
due to its cost-effectiveness. On the other 
hand, the MRI-based approach may be 
preferable when more comprehensive 
liver imaging examination is needed or 
when the patient is unable (e.g., obesity or 
ascites) to undergo TE. The clinical impor-
tance of our study is that SE-EPI and GRE 
MRE sequences can be alternatives for TE 
and vice versa.

This study has several limitations. First, 
it constitutes a relatively small study 
population of only 48 patients. This also 
limits the evaluation of the performance 
of MRE and TE according to the degree of 
BMI, iron deposition, amount of ascites, or 
each etiologic cause. Second, the obtained 
LS values with both MRE and TE were not 
compared to histologic fibrosis through 
biopsy, which traditionally is considered 
to be the reference standard for staging 
fibrosis, due to its invasiveness and signifi-
cant cost. Third, slice thickness and gaps 
for GRE-MRE were 5/10 mm while those 
for SE-MRE were 6/12 mm, which means 
exact slice levels are different for these 
2 MREs. Fourth, all patients underwent 
MRE examinations using a single MR unit 
in this single-institution study. Therefore, a 
future prospective study in a large patient 
population using multiple MR units will be 
necessary.

In conclusion, we found a strong asso-
ciation of LS values measured by TE with 
those of GRE and SE-EPI MRE techniques, 
respectively, especially in non-CHB and 
non-LC patients. We also found GRE and 
SE-EPI MRE stiffness measurements to be 
strongly correlated even though SE-EPI-
MRE resulted a significantly higher techni-
cal success rate than GRE-MRE. Therefore, 
we believe that TE, GRE, and SE-EPI MRE 
techniques may complement each other 
according to the appropriate individual 
situation.
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