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Objective: To validate the performance of 3T spin-echo echo-planar imaging (SE-EPI) magnetic resonance elastography (MRE)
for staging hepatic fibrosis in a large population, using surgical specimens as the reference standard.

Materials and Methods: This retrospective study initially included 310 adults (155 undergoing hepatic resection and 155
undergoing donor hepatectomy) with histopathologic results from surgical liver specimens. They underwent 3T SE-EPI MRE
< 3 months prior to surgery. Demographic findings, underlying liver disease, and hepatic fibrosis pathologic stage according
to METAVIR were recorded. Liver stiffness (LS) was measured by two radiologists, and inter-reader reproducibility was evaluated
using the intraclass correlation coefficient (ICC). The mean LS of each fibrosis stage (FO-F4) was calculated in total and for
each etiologic subgroup. Comparisons among subgroups were performed using the Kruskal-Wallis test and Conover post-hoc
test. The cutoff values for fibrosis staging were estimated using receiver operating characteristic (ROC) curve analysis.
Results: Inter-reader reproducibility was excellent (ICC, 0.98; 95% confidence interval, 0.97-0.99). The mean LS values were
1.91, 2.41, 3.24, and 5.41 kPa in FO-F1 (n = 171), F2 (n = 26), F3 (n = 38), and F4 (n = 72), respectively. The discriminating
cutoff values for diagnosing > F2, > F3, and F4 were 2.18, 2.71, and 3.15 kPa, respectively, with the ROC curve areas of
0.97-0.98 (sensitivity 91.2%-95.9%, specificity 90.7%-99.0%). The mean LS was significantly higher in patients with
cirrhosis (F4) of nonviral causes, such as primary biliary cirrhosis (9.56 kPa) and alcoholic liver disease (7.17 kPa) than in
those with hepatitis B or C cirrhosis (4.28 and 4.92 kPa, respectively). There were no statistically significant differences in
LS among the different etiologic subgroups in the FO-F3 stages.

Conclusion: The 3T SE-EPI MRE demonstrated high interobserver reproducibility, and our criteria for staging hepatic fibrosis
showed high diagnostic performance. LS was significantly higher in patients with non-viral cirrhosis than in those with viral
cirrhosis.
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INTRODUCTION parenchyma, resulting in increased tissue stiffness [1].
Recent clinical studies have shown that liver fibrogenesis
Hepatic fibrosis is a dynamic process characterized by and even cirrhosis itself may be reversed in patients with
excessive extracellular matrix accumulation in the liver viral hepatitis after seroconversion [2,3]. Thus, accurate
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staging of hepatic fibrosis is of paramount importance

in determining both treatment options and monitoring
treatment response [4]. Although liver biopsy has been
the standard method for diagnosing and staging hepatic
fibrosis, it has several critical limitations, including
procedure-related morbidity and mortality, sampling error,
interobserver variability, and poor compliance [4]. Indeed,
poor patient acceptability limits its use for monitoring
disease progression and treatment effects [5].

In this regard, as noninvasive alternatives to percutaneous
biopsy, several elastographic techniques, including
magnetic resonance elastography (MRE), have been
developed to measure liver stiffness (LS) [6]. Currently, the
most commonly used MRE technique is the two-dimensional
(2D) gradient-recalled echo (GRE) technique, which
provides high accuracy, repeatability, and inter-platform
reproducibility [7]. However, the 2D GRE technique has a
technical limitation in measuring shear wave velocity in
patients with hepatic iron deposition, owing to its relatively
high susceptibility artifacts, especially in a 3T MR system
[8-10]. Recently, with wider adoption of the 3T system,
three-dimensional (3D) spin-echo echo-planar imaging (SE-
EPI)-based MRE has rapidly gained acceptance owing to its
relative invulnerability to increased susceptibility artifacts
and higher spatial resolution along the Z-axis compared
to that of the 2D-GRE based MRE [8]. However, until now,
there have been only a few studies suggesting practical
criterion values for the staging of hepatic fibrosis using a
3T SE-EPI MRE system in a sufficient number of patients
with available histologic results [9]. Therefore, the purpose
of our study was to validate the performance of 3T SE-EPI
MRE in staging hepatic fibrosis in a large population using
surgical specimens as the reference standard.

MATERIALS AND METHODS

The Institutional Review Board of Seoul National
University Hospital approved this retrospective study and
waived the requirement for informed consent (IRB No.
2002-130-1104).

Study Population

This study initially included subjects who met the
following eligibility criteria: 1) patients who underwent
hepatic resection for the treatment of focal lesions and liver
transplantation at Seoul National University Hospital from
2014 to 2019, 2) healthy liver donors who underwent donor
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hepatectomy at Seoul National University Hospital from
2017 to 2019, and 3) patients who underwent preoperative
3T SE-EPI MRE < 3 months prior to surgery. Subjects were
excluded if they had 1) no available SE-EPI MRE at 3T, 2)
insufficient or inappropriate histopathologic specimen

for the evaluation of background liver, and 3) limited LS
measurement in the right lobe. Figure 1 summarizes the
enrollment of the study population. Age, sex, underlying
etiology of chronic liver disease, and body mass index were
recorded by reviewing electronic medical records.

Acquisition of SE-EPI MRE of the Liver

Magnetic resonance imaging (MRI) of the liver, including
MRE was performed on 3T scanners (MAGNETOM Skyra, n =
277, Siemens Healthineers; Discovery MR 750w, n = 27, GE
Healthcare; Ingenia CX, n = 3, Philips Healthcare). Patients
were requested to fast for at least 6 hours. Our routine
liver MRI protocol included axial T2-weighted imaging,
axial heavily T2-weighted imaging, axial T1 dual-echo in
and opposed phase imaging, diffusion-weighted imaging,
and dynamic imaging with gadoxetic acid (Primovist,

Bayer Healthcare) using axial fat-suppressed 3D GRE T1-
weighted images. Axial T2-weighted images were used as
the reference anatomical image during MRE measurement
(repetition time/echo time [TR/TE]: 1000/153 ms, matrix:
384 x 384, flip angle: 120°, slice thickness: 4 mm, slice
interval: 4 mm, number of slices: 50).

Mechanical waves were generated by a pair of active and
passive drivers (Resoundant, Mayo Foundation for Medical
Education and Research, Mayo Clinic). MRE images were
obtained with the patients placed in the supine position
with a passive driver (18.5 cm in diameter and 3.5 cm in
thickness) attached to the right anterior chest wall. The
passive driver was connected to an active driver to apply 60
Hz vibrations. Axial slices containing the largest volume of
the liver parenchyma were acquired using the spin-echo MRE
technique with a single breath-hold during end-expiration
(Magnetom Skyra, TR/TE: 1000/47 ms, matrix: 100 x 100,
flip angle: 90°, slice thickness: 6 mm, slice interval: 12 mm,
number of slices: 4; Discovery MR 750w, TR/TE: 1000.3/63.1
ms, matrix: 64 x 64, flip angle: 90°, slice thickness: 7 mm,
slice interval: 12 mm, number of slices: 4; Ingenia CX, TR/
TE: 1000/53.8 ms, matrix: 84 x 81, flip angle: 90°, slice
thickness: 6 mm, slice interval: 7 mm, number of slices: 4).
MR elastograms with wave images and shear stiffness maps
were obtained. For each MRE stiffness map, a confidence
index (ranging from 0%-100%) for stiffness measurement
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202 patients
- Hepatic resection from 2014 to 2019
- Preoperative 3T SE-EPI MRE within 3 months
before surgery

157 donors
- Donor hepatectomy from 2017 to 2019
- Preoperative 3T SE-EPI MRE within 3 months
before surgery
|

Exclusion I (n = 38)
- 32 subjects who received
metastasectomy with insufficient or

\4

inappropriate specimen for evaluation
of background liver

- 6 patients with limitation of liver
stiffness measurement in right lobe

A

Total 321 subjects (164 patients and 157 donors) included for study

Exclusion II (n = 11)

A

- 9 patients and 2 donors with MRE
technical failure

310 (155 patients and 155 donors) included
for MRE-pathology correlation asudy

Fig. 1. Flow chart of the study population. MRE = MR elastography, SE-EPI = spin-echo echo-planar imaging

was estimated, and a confidence mask with a 95% threshold
was automatically provided by the software.

Measurement of LS

One radiologist (with 5 years of experience in liver MRI)
measured LS [10] by drawing freehand regions of interest
(ROIs) on the stiffness maps, only on valid areas of 95%
confidence maps so as to include the largest part of the liver
parenchyma of the right lobe and left medial segment (S4),
while excluding hilar vessels, liver edges, and focal lesions
(e.g., mass, coagulation necrosis, etc.) (Fig. 2). The mean LS
values (in kPa) and area (mm?) of each ROI were recorded.
To minimize sampling error, the measurement of a slice was
discarded if the area of the ROI was less than 1000 mm?
[10]. The arithmetic mean of the measured stiffness values
(in kPa) from all available ROIs (maximum of four ROIs in
each subject) was determined as the representative LS of a
subject. Technical failure of MRE was defined as the absence
of visualized wave propagation on the wave images and/or
no pixel value with a confidence index higher than 95% on
the confidence map according to a previous study [11].

For the estimation of interobserver variability, 60 MRE
examinations were selected among 310 exams using
the randomization function of a commercially available
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spreadsheet software program (Microsoft Excel, Version
2013, Microsoft). Thereafter, another radiologist (with 5
years of experience in liver MRI) who was blinded to the
histopathologic results of the subjects constructed their
own ROIs.

Correlation with Histopathologic Results

Routine pathological reports were recorded and used
for analysis. Some reports written in unstandardized
terminology or with ambiguous pathologic diagnosis of
background liver were retrospectively reviewed by an expert
liver pathologist (with 15 years of clinical experience in
the interpretation of pathologic results from the liver).
All pathologic reports described the grade of the fibrosis
stage and necroinflammatory activity in the patients using
standardized guidelines published by the Korean Study
Group for the Pathology of Digestive Diseases and according
to the METAVIR scoring system [12,13].

Statistical Analysis

The technical success rate of the MRE is presented
as a percentage. Interobserver reproducibility for LS
measurement between the two radiologists was assessed
by calculating the intraclass correlation coefficient (ICC).

https://doi.org/10.3348/kjr.2021.0145 kjronline.org
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Fig. 2. An example of liver stiffnes measurement.

Korean Journal of Radiology

A. Anatomic images (axial T2-weighted image) of a 35-year-old healthy female donor with no fibrosis (F0). B. Wave image. C. Confidence map of
an elastogram. D. A free-hand drawn region of interest on the unmasked area of the confidence map in the right lobe and segment 4, excluding

large vessels and liver edges.

Spearman’s coefficient of rank correlation (rho) was
calculated to evaluate the correlation between the fibrosis
score and LS. The mean LS values of each fibrosis stage
(FO-F1, F2, F3, and F4) in each etiologic subgroup (e.g.,
chronic hepatitis B [CHB], chronic hepatitis C [CH(],
alcoholic liver disease, primary biliary cirrhosis [PBC], and
others) were evaluated and compared using the Kruskal-
Wallis and Conover post hoc tests.

Receiver operating characteristic (ROC) curve analysis was
performed to determine the diagnostic performance of LS
values in the staging of liver fibrosis. The cutoff values for
hepatic fibrosis staging were determined using the highest
Youden index. Since the METAVIR scoring system is not a
binary reference, the Obuchowski measure was used as a
performance parameter to correct bias [14,15]. For cross-
validation of cutoffs, the study population was further
divided into two groups chronologically (n = 144 and
166). Donors were randomly allocated to each subgroup,
considering the group sizes. Cross-validation of cutoffs
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was performed in both groups. All statistical analyses were
performed using a commercially available software program
(MedCalc, Version 19.5.2, MedCalc Software) and a free
software program (R version 4.0.0; R Package for Statistical
Computing, www.r-project.org). Differences were considered
statistically significant at p values less than 0.05, except
for the post hoc Conover test (p < 0.0083 [0.05/6] based
on Bonferroni correction).

RESULTS

We initially identified 359 subjects (202 patients and

157 donors). Of these, 38 were excluded because of
inappropriate or insufficient specimens (all metastasectomy)
for the evaluation of background liver (n = 32), unevaluable
LS in the right lobe (huge mass replacing the right lobe [n = 5],
and previous right hemihepatectomy [n = 1]). Among the
remaining 321 subjects (164 patients and 157 donors), 11
(9 patients and 2 donors) were deemed to have technical
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failure. The technical success rate was 96.6% (310/321).
Those with technical failure of MRE were excluded from
further analyses; thus, 310 subjects finally comprised our
study population (Fig. 1). The baseline demographic and
clinicopathologic characteristics of the 310 study subjects
are summarized in Table 1. Histopathologic examination

Table 1. Baseline Demographic, Clinicopathologic, and Imaging
Characteristics

Patients Healthy Donors
(n = 155) (n = 155)

Age, years 60.1 + 11.4 35.7 £ 11.0
Sex, male:female 110:45 95:60
MRI scanners

Skyra 124 155

Discovery MR750w 28 -

Ingenia CX 3 =
BMI, kg/m?* 24.2 £3.5 23.8+3.3
Etiology of CLD

Hepatitis B virus 92

Hepatitis C virus 11 -

Alcohol 12 -

Primary biliary cirrhosis 5 =

Others* 17 -

No CLD 18 155
Surgical indication!

Primary Lliver cancer 114 (84, 17, 4) -

Metastatic cancer 4 (4,0,0) -

Benign mass 4 (4,0,0) =

Intrahepatic duct stone 2 (2,0,0) -

Liver cirrhosis 31 (0, 24, 7) -

Donor hepatectomy - 155

Sum of measured area, mm? 15899.2 + 10299.4 15590.9 + 5932.9
METAVIR fibrosis stage

Fo 9 93
F1 12 57
F2 21 5
F3 40 -
F4 73 -
METAVIR necroinflammatory activity

A0 16 60
A1 120 94
A2 12 1
A3 7

Data are mean + standard deviation or number of patients. *Others
include secondary biliary cirrhosis (n = 2), autoimmune hepatitis
(n = 2), Wilson disease (n = 2), non-alcoholic fatty liver disease
(n = 1), combined hepatitis B virus and alcoholic liver disease (n =
3), and CLD of uncertain etiology (n = 7), Number in parenthesis
are number of patients who received (hepatic resection, living
donor liver transplantation, deceased donor liver transplantation).
BMI = body mass index, CLD = chronic liver disease
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showed that 96.8% (150/155) of healthy donors had no or
mild (stage FO or F1) liver fibrosis, while 86.5% (134/155)
of patients had significant (> stage F2) fibrosis. The overall
proportion of subjects with significant necroinflammatory
activity (> stage A2) was 6.5% (20/310).

Relationships between LS and Hepatic Fibrosis Stages

The numbers of subjects with FO, F1, F2, F3, and F4
fibrosis were 102, 69, 26, 38, and 72, respectively. The
mean LS values were 1.91, 2.41, 3.24, and 5.41 kPa in
FO-F1, F2, F3, and F4, respectively. The LS values were
demonstrated to have a significantly positive correlation
with fibrosis stage (rho = 0.76; 95% confidence interval [CI]
0.67-0.83; p < 0.001).

The results of the subgroup analyses are summarized in
Table 2. In the subgroup with CHB (n = 92), the mean LS
in the FO-F1, F2, F3, and F4 stage populations were 2.07,
2.42, 3.13, and 4.28 kPa, respectively. The LS values in
the CHB subgroup also showed a positive correlation with
the fibrosis stage (0.76 [95% CI 0.66-0.84], p < 0.001).
Concerning LS values of subgroups according to etiology,
patients with F4 had significantly different LS values
depending on their underlying diseases: CHB with cirrhosis
(n = 42) showed significantly lower LS value (mean +
standard deviation, 4.28 + 1.31 kPa) than alcoholic liver
disease (n = 10) or PBC (n =5) (7.17 + 3.44, and 9.56 +
1.41 kPa, respectively, p values < 0.0083 [0.05/6]). Patients
with CHC (n = 6) also showed lower LS than those with
PBC (4.92 + 1.37 vs. 9.56 + 1.41 kPa, p < 0.0083 [0.05/6]).
However, no subgroup with different etiologies showed
significant differences in LS values in FO-F3 stages. Figure 3
shows the distribution plot of LS values according to the
METAVIR fibrosis stage in the total population, patients
with CHB, and patients without CHB.

Diagnostic Performance of LS in Staging Liver Fibrosis
The diagnostic performance of LS in staging hepatic
fibrosis was evaluated using ROC curve analysis, with
reported areas under the ROC curves of 0.97-0.98
(sensitivity 91.2% to 95.9%, specificity 90.7% to 99.0%).
The highest discriminating cutoff values for diagnosing
significant fibrosis (> stage F2), advanced fibrosis (> stage
F3), and cirrhosis (stage F4) were 2.18, 2.71, and 3.15 kPa,
respectively. Obuchowski measures were 0.89 + 0.01. The
determined cutoff values for staging hepatic fibrosis were
applied to the subgroup of patients with CHB (n = 92). The
reported ranges of sensitivities and specificities within the

https://doi.org/10.3348/kjr.2021.0145 kjronline.org
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Table 2. Measured Liver Stiffness according to Etiologic Causes and Fibrosis Stage

FO-F1 F2 F3 F4
Total (n = 310) 1.91 % 0.21 (171) 2.41 + 0.34 (26) 3.24 +0.82 (40) 5.41 + 2.39 (73)
Healthy donors (n = 155) 1.90 + 0.19 (150) 2.29 + 0.17 (5)
CHB (n = 92) 2.07 +0.12 (9) 2.42 +0.30 (13) 3.13 £ 0.50 (28) 4.28 +1.31 (42)
Alcoholic (n = 12) . 2.22 (1) 2.76 (1) 7.17 + 3.44 (10)
CHC (n = 11) - 3.54 (1) 3.56 + 0.83 (4) 4.92 +1.37 (6)
PBC (n = 5) - - - 9.56 + 1.41 (5)
Miscellaneous (n = 35)* 1.91 £ 0.37 (12) 2.33 £ 0.21 (6) 3.58 + 1.61 (7) 6.66 + 1.85 (10)
p value for Kruskal Wallis test! - 0.227 0.402 < 0.001

Data are mean + standard deviation (when applicable). Data in parenthesis are the number of patients. *Miscellaneous include secondary
biliary cirrhosis (n = 2), autoimmune hepatitis (n = 2), Wilson disease (n = 2), non-alcoholic fatty liver disease (n = 1), combined
hepatitis B virus and alcoholic liver disease (n = 3), chronic liver disease of uncertain etiology (n = 7), and no underlying chronic liver
disease (n = 17), 'Kruskal Wallis test was done among different etiologies (CHB, CHC, alcoholic liver disease, and PBC). CHB = chronic
hepatitis B, CHC = chronic hepatitis C, PBC = primary biliary cirrhosis

Total (n =310 CHB group (n =92 Non-B group (n = 63
ur ( ) 1 group ( ) “r group ( )
< 12+ < 12+ < 12+
< < <
= 10r = 10+ = 10+ T
s 8F T & 8F 3 8t
E . & & .
5 6 5 6 5 6
o 4t - 41 % s 41 T
Qv % [ % o u
A 2L == == i -] e—_ 2 2l =, =
0 C Il Il Il Il 0 C Il Il Il Il 0 C Il Il Il Il
Fo-F1 F2  F3 F4 Fo-FL F2  F3 F4 Fo-FL F2  F3 F4
A METAVIR fibrosis score B METAVIR fibrosis score C METAVIR fibrosis score

Fig. 3. Box-and-whisker plot depicting liver stiffness values according to METAVIR fibrosis scores in (A) total study subjects, (B)
CHB patient group, and (C) Non-B patient group. CHB = chronic hepatitis B, Non-B = chronic liver disease other than chronic hepatitis B

subgroup for staging hepatic fibrosis were 88.6%-94.0% DISCUSSION
and 68.0%-95.5%, respectively.

Cross-validation was performed by splitting the study The 3T SE-EPI MRE system demonstrated high
population into Group I (72 patients who underwent technical success (96.6%, 310/321), high interobserver
MRE between 2014 and 2017 and 72 randomly allocated reproducibility (ICC, 0.98; 95% CI 0.97-0.99), and reliable
donors) and Group II (83 patients who underwent MRE performance in the staging of liver fibrosis. The cutoff
between 2018 and 2019 and 83 randomly allocated donors).  values for diagnosing significant fibrosis (> stage F2),

The cross-validated sensitivity and specificity used advanced fibrosis (> stage F3), and cirrhosis (stage F4)
cutoff values derived from the other groups of the study were determined to be 2.18 kPa, 2.71 kPa, and 3.15 kPa,

subjects. The cross-validated sensitivity and specificity for respectively in ROC curve analysis. These cutoff values are
diagnosing hepatic fibrosis in Group I were 85.5%-90.9% slightly lower than the values suggested by other previous

and 91.7%-98.2%, respectively. and in Group II were studies. Chou et al. [16] reported cutoff values of 3.00, 3.24,
97.1%-98.3% and 89.2%-90.4%, respectively. The results and 3.90 kPa for diagnosing > F2, > F3, and > F4 fibrosis,
of the ROC curve analysis, subgroup analysis, and cross- respectively, while Batheja et al. [17] reported a cutoff
validation are summarized in Table 3. value of 3.0 kPa for diagnosing > F3 fibrosis. We believe
that the discrepant results between our study and previous
Interobserver Reproducibility studies may be mainly attributed to the differences in the
The inter-reader reproducibility between the two readers study populations (the majority of our study population
was excellent (ICC, 0.98; 95% CI 0.97-0.99). had hepatitis B virus-related liver diseases), rather than

to different MRI field strengths (3T vs. 1.5T) or MRI
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> F2 Stage

> F3 Stage

F4 Stage

Apparent validation (internal), all patients (n = 310)

AUC (95% CI)

Cutoff for sensitivity and specificity, kPa

Sensitivity, %
Specificity, %

Obuchowski measure
Apparent validation (internal), CHB subgroup (n = 92)

Sensitivity, %

0.98 (0.95-0.99)

2.18
95.0 (132/139)
92.4 (158/171)
0.891 + 0.011

94.0 (78/83)

0.98 (0.96-0.99)
2.71

91.2 (103/113)

99.0 (195/197)

88.6 (62/70)

0.97 (0.94-0.98)
3.15

95.9 (70/73)

90.7 (215/237)

92.9 (39/42)

Specificity, % 77.8 (7/9) 95.5 (21/22) 68.0 (34/50)
Cross validation (internal)*

Group I (n = 144)
Cutoff for sensitivity and specificity, kPa 2.19 2.36 3.20
Sensitivity, % 97.1 (68/70) 98.3 (57/58) 97.5 (39/40)
Specificity, % 89.2 (66/74) 89.5 (77/86) 90.4 (94/104)

Group II (n = 166)
Cutoff for sensitivity and specificity, kPa 2.28 2.71 3.15
Sensitivity, % 88.4 (61/69) 85.5 (47/55) 90.9 (30/33)
Specificity, % 96.9 (94/97) 98.2 (109/111) 91.7 (122/133)

*For the cross validation, the cutoff for calculating sensitivity and specificity was derived from the other group of the study subjects.
AUC = areas under the curve, CHB = chronic hepatitis B, CI = confidence interval

sequences [18].

Our study results also revealed that for clinically
significant hepatic fibrosis (> F2, F3, and F4), the mean
LS values of each stage of the CHB group were generally
lower than those of the patients without CHB. Furthermore,
the cirrhosis groups were shown to have different LS
values depending on their etiology; patients with PBC
had the highest mean LS values, followed by those with
alcoholic cirrhosis, CHC cirrhosis, and CHB cirrhosis. Our
study results are in good agreement with previous study
results, in which it was suggested that the LS values in
patients with viral hepatitis were lower than those in
patients with non-viral chronic liver disease [10,19,20]. The
different pathophysiologies of hepatic inflammation and
fibrosis, as well as different patterns of fibrosis formation
(macronodular and heterogeneous cirrhosis in hepatitis B
infection) may explain the differences in observed LS values
[10]. Considering that LS measurements correlate with
the degree of fibrosis, the varying fibrosis burden among
the patients with the same fibrosis stage from different
etiologies could result in different mean LS measurements
between the two groups [21]. Previous studies regarding
transient elastography also suggested etiology-specific
cutoff values for diagnosing hepatic fibrosis [20,22].
The differences in LS observed among different etiologic
subgroups in our study suggest that such etiology-specific
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criteria may also be needed for MRE. However, since the
number of patients in the non-hepatitis B subgroup was too
small, caution must be exercised in interpreting our study
results. Moreover, the indication for surgery in patients with
hepatitis B-related cirrhosis was mostly for the treatment
of liver tumors (78.6%, 33/42), it was indicated for the
treatment of liver failure in most cases of cirrhosis without
hepatitis B (67.7%, 21/31), adding more bias in comparison
of LS among different etiologic subgroups. Thus, further
studies with larger, less biased populations are warranted.
Regarding the MRE sequence, we used 3D SE-EPI MRE
on various 3T MR systems. According to the literature, the
most common cause of technical failure of MRE is iron
overload in the liver, as severe iron overload reduces the
signal intensity of the parenchyma such that the amplitude
of the signal of propagating shear waves is very low [1,23].
Although the most widely used clinical MRE sequence is
the 2D GRE MRE sequence, the technical failure rate of
2D GRE MRE has been reported to be significantly higher
at 3T than at 1.5T [11]. Iron deposition in the liver is a
characteristic of hemochromatosis and is often a coexisting
finding in many chronic liver diseases, which may limit the
use of 2D GRE MRE at 3T for fibrosis staging [1,23,24]. In a
recent meta-analysis, the technical failure rates of GRE MRE
and SE-EPI MRE techniques were reported to be 4.5% and
1.3%-3.4%, respectively [25]. In our study, the technical

https://doi.org/10.3348/kjr.2021.0145 kjronline.org
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failure rate of SE-EPI MRE was 3.4%, which is consistent
with that reported in previous studies. The interobserver
reproducibility in our study was also consistent with a
previous study involving a larger population [26].

Our study had several limitations. First, the study had
inherent selection bias owing to its retrospective nature. To
minimize bias, we consecutively enrolled patients who met
our inclusion criteria. Second, the heterogeneous nature of
the MR scanning protocol and machines used in our study
may have caused additional bias. However, as a previous
meta-analysis has shown, MRE measurements are quite
reproducible among examinations conducted using systems
from different vendors [27]. Moreover, the resultant cutoff
values from our study might be more vendor-neutral than
those in other single-vendor studies. Third, the skewed
composition of our patient group was another limitation. In
our study, since the eligibility criteria were surgical resection
or explantation, our patient population typically had
advanced hepatic fibrosis. To overcome this bias stemming
from skewness, we included the donor population in our
study. In real-world practice, which includes both surgical
candidates and patients undergoing medical management,
this performance is expected to improve. Lastly, the
heterogeneous nature of the study population and the small
size of non-hepatitis B etiologic subgroups are the major
drawbacks of our study. Care must be taken for generalized
utilization of our results, including cutoff values.

In conclusion, 3T SE-EPI MRE demonstrated high technical
success and interobserver reproducibility. Our cutoff
values for staging hepatic fibrosis showed high diagnostic
performance. Furthermore, the LS values in patients with
non-viral cirrhosis were substantially higher than those in
patients with cirrhosis caused by viral hepatitis.
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