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Abstract

AIM: To evaluate the feasibility of 3-Tesla magnetic
resonance elastography (MRE) for hepatic fibrosis and
to compare that with diffusion-weighted imaging (DWI)
and gadoxetic acid-enhanced magnetic resonance (MR)
imaging.

METHODS: Forty-two patients were included in the
study. On MRE, mean stiffness values were measured
on the elastograms in kilopascals. The apparent diffu-
sion coefficient (ADC) of the liver was measured using
DWI. On gadoxetic acid enhanced MR, the contrast
enhancement index (CEI) was calculated as signal in-
tensity (SI)post/Slere, Where Slpost is liver-to-muscle SI
ratio on hepatobiliary phase images and Sl is that on
nonenhanced images. Correlation between aspartate
aminotransferase to the platelet ratio index (APRI) and
three MR parameters was assessed. Each MR param-
eter was compared between a hepatic fibrosis (HF)
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group and non-hepatic fibrosis (nHF) group.

RESULTS: Liver stiffness showed strong positive cor-
relation with APRI [Spearman correlation coeffiecient
(r) = 0.773, P < 0.0001], while ADC and CEI showed
weak or prominent negative correlation (+ = -0.28 and
-0.321, respectively). In the HF group, only liver stiff-
ness showed strong correlation with APRI (» = 0.731, P
< 0.0001). Liver stiffness, ADC, and APRI were signifi-
cantly different between the HF group and nHF group.

CONCLUSION: MRE at 3-Tesla could be a feasible meth-
od for the assessment of hepatic fibrosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Magnetic resonance elastography; Hepatic

fibrosis; Diffusion weighted imaging; Gadoxetic acid en-
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Core tip: Magnetic resonance elastography at 3-Tesla
could be a feasible method for the assessment of he-
patic fibrosis and may have a role as a potential nonin-
vasive modality which would replace liver biopsy.
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INTRODUCTION

Hepatic fibrosis is a consequence of a wound-healing
response to various types of chronic liver disease and in-
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jurym. Fibrosis can lead to cirrhosis, portal venous hyper-
tension, and to development of hepatocellular carcinoma,
which cause increased morbidity and mortality™. Infor-
mation on the presence and degree of hepatic fibrosis will
be useful in patients with chronic liver disease for thera-
peutic decisions or disease outcome predictions'”. In
this regard, until now, diagnosis and follow-up of chronic
liver diseases has long relied on semiquantitative patho-
logic scoring systems such as the Metavir score, through
liver biopsym. However, biopsy has several well-known
limitations including sampling error due to small sample
volume, interobserver and intraobserver variabilities,
invasiveness with associated morbidity, and low patient
tolerance”. Owing to the aforementioned limitations of
liver biopsy, there atises a clinical need for noninvasive al-
ternative tools for assessment of hepatic fibrosis. Several
noninvasive methods for staging liver fibrosis have been
proposed. Biochemical tests include composite scores
such as aspartate aminotransferase to the platelet ratio
index (APRI) or FibroTest (BioPredictive, Paris, France),
and serologic markers such as hyaluronic acid™,

Recent advances in magnetic resonance (MR) imag-
ing facilitated various functional MR imaging techniques
and contributed to hepatic fibrosis evaluation'”, Such MR
imaging methods are diffusion-weighted imaging (DWI),
perfusion-weighted imaging, hepatobiliary phase of ga-
doxetic acid-enhanced MR imaging, and MR elastography
(MRE)™". DWT produces representative apparent dif-
tusion coefficient (ADC) values by measuring random
motion of water molecules™". Prior studies using DW1
demonstrated lower ADC values in patients with liver
fibrosis and inflammation compared with normal liver
tissue, and therefore ADC values may have a role as an
index for predicting advanced hepatic fibrosis"*'". Ga-
doxetic acid (Primovist; Bayer Schering Pharma, Berlin,
Germany) is a liver specific MR contrast agent which car-
ries combined perfusion and hepatocyte-selective propet-
ties!”"". Decreased hepatic parenchymal enhancement on
hepatobiliary phase images suggests impaired gadoxetic
acid uptake by the liver, which may be caused by a de-
creased number of functioning hepatoc;rtes{l‘%’l?]. A recent
study demonstrated the strong correlation of contrast
enhancement degree at hepatobiliary phase images of ga-
doxetic acid enhanced MR with hepatic fibrosis stage“sﬂ.

MRE is a new noninvasive technique for quantitative
imaging of the direct consequence of hepatic viscoelastic
properties, based on the observation that fibrosis leads
to increased tissue stiffness™'™", Studies performed so
far have demonstrated that MRE is a promising method
for the evaluation of hepatic fibrosis. Stiffness value mea-
sured by MRE showed at least moderate correlation with
hepatic fibrosis stage determined by pathology, and diag-
nostic performance of MRE was at least equal or supe-
rior to other modalities such as gadoxetic acid-enhanced
MR imaging, serum marker (APRI), or D202,

Reports of previous MRE studies with regard to
hepatic fibrosis were performed using 1.5-Tesla (T) MR
machines"""***. Because MRE acquisition uses gradi-
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ent echo sequences which are prone to susceptibility
artifact, elastography imaging at a high tesla MR unit may
be challenging. However, a recent study on MRE at 3-T
in healthy volunteers demonstrated that liver stiffness
measurements could be made without modifying the
approach used at 1.5-T MR, and the obtained stiffness
values were in agreement to those reported in studies at
1.5-T% If so, the purpose of our study is to evaluate the
feasibility of MRE at 3-T for the assessment of hepatic
fibrosis based on APRI, and compare that with DWI and
gadoxetic acid-enhanced MR imaging,

MATERIALS AND METHODS

Patient population

This study was approved by the Institutional Review
Board of our hospital (KUH1140078), and patient in-
formed consent was waived. Forty-three consecutive
patients with suspected focal or diffuse liver disease
underwent gadoxetic acid-enhanced MR imaging and
DWT at 3-T. MRE exam was also performed as part of
routine liver MR examination. All patients had labora-
tory exam data including serum aspartate aminotrans-
ferase and platelet count obtained within a week. One
patient was excluded because of MRE signal intensity
which was too low. The final study group consisted of
42 patients. There were 28 male and 14 female patients
with a mean age of 54.9 years and age range from 19 to
75 years. Among the 42 patients, 23 patients had chronic
liver disease or liver cirrhosis. The causes of chronic
liver diseases or cirrhosis included chronic hepatitis B (
= 10), chronic hepatitis C (#z = 4), and nonalcoholic fatty
liver disease (# = 3). Twelve patients had treated (» =
11) or current (# = 1) hepatic metastasis from colorectal
cancer, and the remaining 7 patients had normal liver pa-
renchyma. The patients were classified into two groups.
One was the hepatic fibrosis (HF) group including pa-
tients with viral hepatitis or nonalcoholic fatty liver dis-
ease (7 = 23), and the other was the non-hepatic fibrosis
(nHF) group, comprising the patients having a past or
present history of hepatic metastasis, and normal liver
parenchyma (#» = 19). A flow chart of the profile based
on recommended standards for reporting diagnostic ac-
curacy is presented in Figure 1.

MR imaging protocol

Gadoxetic acid-enhanced MR imaging: All MR ex-
aminations were performed on a 3-T MR unit (Magnetom
Skyra, Siemens Medical Solutions, Erlangen, Germany)
using 18-channel coils. The patients were examined in the
supine position, and the receiver coil was positioned to
cover the upper abdomen. Patients underwent a routine
clinical imaging protocol of the liver, including breath-
hold axial and coronal T2-weighted half-Fourier acqui-
sition single shot turbo-spin echo (or single shot fast-
spin echo), axial in- and opposed-phase chemical shift
imaging, breath-hold T2-weighted fast-spin echo with
fat suppression, and T1-weighted gradient-recalled echo
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Patients who underwent liver MRI including MR elastography at 3-T

n =43
Inclusion criteria:
laboratory exam obtained Excluded patients (7 = 1)
within a week due to failed MRA
42 patients

(28 men, 14 women, mean age 54.9 years, age range 19-75 years)

Hepatic fibrosis group (7 = 23)

HBV (7 = 16)
HCV (7 = 4)
NAFLD (7 = 3)

Non-hepatic fibrosis group (7 = 19)
Normal liver (n = 7)
Treated hepatic metastasis from colorectal cancer (7 = 11)
Current metastasis from colorectal cancer (7 = 1)

Figure 1 Flow chart of the study profile based on recommended standards for reporting diagnostic accuracy. MR: Magnetic resonance; MRE: Magnetic reso-
nance elastography; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease.

fat-suppressed sequences before and after the injection
of contrast agent. Arterial phase T1-weighted MR im-
ages were acquired during a single breath-hold of 20-35
s. Portal and equilibrium phase images were obtained 60
and 180 s after injecting contrast medium, and delayed
hepatobiliary imaging was petformed at 20 min. A bolus
(0.025 mmol/kg body weight) of gadoxetic acid (Primov-
ist) was administered into the antecubital vein at a rate
of 1.5 mL/s. Parameters for T2-weighted fast-spin echo
imaging protocol were as follows: acquisition method,
breath-hold; repetition time/echo time, 3000/104 ms; flip
angle, 136°; slice thickness, 5 mm; interslice gap, 1 mm;
field of view, 380 mm; matrix size, 320 X 200. Parameters
for T1-weighted three-dimensional gradient-recalled echo
MR imaging protocol were as follows: technique, VIBE
(Volumetric Interpolated Breath-hold Examination); tep-
etition time/echo time, 3.52/1.37 ms; flip angle, 9'; slice
thickness, 2.7 mm; interslice gap, none; field of view, 380
mm; matrix size, 480 X 263.

MRE: The 60 Hz acoustic wave was used as an active
driver. A passive longitudinal shear-wave driver of 19-cm-
diameter, 1.5-cm-thick cylindrical shape was placed against
the right chest wall over the liver at the xiphoid process
level. Then, by transmitting continuous acoustic vibration
from the active driver to the passive driver through a flex-
ible vinyl tube, propagation of shear waves in the liver was
produced. The measurement parameters for MR elasto-
graphic gradient echo sequence were as follows: repetition
time/echo time, 50/22.49 ms; flip angle, 25°; field of view,
30 cm; matrix size, 128 X 102; slice thickness, 5 mm; in-
terslice gap, 1 mm. Four slices of MRE were obtained for
each patient. Each slice took 22 s, and the patients were
asked to hold their breath at the end-expiratory petiod to
obtain a consistent position of the liver for each phase
offset. When the acquisition was completed, the wave im-
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ages were automatically processed by the MR scanner and
images depicting tissue stiffness (elastograms) were genet-
ated. These quantitative images represented shear stiffness
in units of kilopascals (kPa) and were displayed in a gray
scale or with a color scale”. In addition, the elastogram
was teviewed automatically by the intrinsic software for
artifacts, such as significant wave interference or oblique
wave propagation, and elastograms of 95% confidence

mapping was produced by the exclusion of such area™.

DWI: Diffusion-weighted single-shot echo-planar im-
ages were acquired with simultaneous use of free breath-
ing method. Specific sequence parameters for DWI were
as follows: & values, 50, 400, 800; repetition time/echo
time, 5600/50 s; receiver bandwidth, 2442 Hz/pixel; ma-
trix size, 84 X 128; slice thickness, 5 mm; interslice gap,
1 mm; number of slices acquired, 4; field of view, 380
X 309 mm’; aquisition time, 218 s; number of slices, 35;
parallel imaging factor, 2.

MR imaging analyses

MRE: The mean shear stiffness of the liver was calcu-
lated by placing the manually specified region of interest
(ROYJ) into the stiffness map of MRE images. ROIs were
drawn in the hepatic parenchyma excluding major blood
vessels such as hepatic veins or portal veins and their large
branches, liver edges, and motion artifacts. The stiffness
values of the liver parenchyma were calculated by placing
multiple ROIs (at least four), of circular shape and 1-2 cm
diameter each®™. ROI placement was performed by an ab-
dominal radiologist who was blinded to the patient’s clini-
cal and biochemical data. The mean stiffness values were
measured in kPa.

DWI: For ADC value measurement, ROIs were placed on
the ADC maps. At least four circular shaped ROIs of 1-2
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Table 1 Comparison of three magnetic resonance parameters and aspartate aminotransferase to the platelet ratio index score be-

tween hepatic fibrosis group and non-hepatic fibrosis group

Liver stiffness (kPa) ADC (x 10° mm*/s) CEI APRI

HF nHF HF nHF HF nHF HF nHF
Sample size 23 19 23 19 23 19 23 19
Value range 1.44-10.46 1.46-3.28 0.80-1.32 0.96-1.46 0.44-2.04 1.33-2.02 0.18-3.00 0.12-1.52
Median 3.79 2.04 1.04 1.20 1.63 1.71 0.77 0.33
Mean £ SD 4.05 £ 2.06 21+0.44 1.04 £ 0.11 1.21£0.12 1.57 £ 0.38 1.7+0.22 0.99 £ 0.67 0.42 + 0.36
P value! <0.0001 0.0001 0.3002 0.0002

"Mann-Whitney U test. ADC: Apparent diffusion coefficient; CEL: Contrast enhancement ratio; APRI: Aspartate aminotransferase to the platelet ratio index;

HEF: Hepatic fibrosis group; nHF: Non-hepatic fibrosis group; SD: Standard deviation.

Table 2 Correlation between three magnetic resonance pa-

rameters and aspartate aminotransferase to the platelet ratio
index score in all patients

Variable Y Liver stiffness ADC CEl
Variable X APRI APRI APRI
Sample size 42 42 42
Spearman's coefficient of 0.773 -0.28 -0.321
rank correlation (r)

95%CI 0.613-0.872  -0.538-0.026 -0.570-(-0.019)
forr

P value' <0.0001 0.0723 0.038

'Spearman’s correlation test. ADC: Apparent diffusion coefficient; CEL:
Contrast enhancement ratio; APRI: Aspartate aminotransferase to the
platelet ratio index.

cm were placed in the right lobe of the liver, almost the
same location as those in MRE, and those multiple values
were averaged. In addition, motion artifacts and liver tis-
sue with poor signal noise were carefully avoided"". ADC
values were automatically calculated on ADC maps using
the SI within the manually drawn ROI and the following
equation: ADC = [In(S50) - In(S400)]/(400 - 50), where
S50 is the SI on DW images obtained with a 4 value of 50
s/ mmz, and S400 is the SI on DW images obtained with a
bvalue of 400 s/mm”".

CEI: The liver SI ratio was calculated as a ratio of the
hepatic parenchyma SI to the paraspinal muscle SI on
nonenhanced images [liver-to-muscle SI ratio (Slpr)] and
the ratio of the hepatic SI to the paraspinal muscle SI on
hepatobiliary phase images [liver-to-muscle SI ratio (SIposy)].
Contras[tl-_?nhancement index (CEI) was calculated as SI-
post/SIpre > .

APRI measurement

APRI was calculated as follows: APRI= {[aspartate ami-
notransferase (AST) level (IU/L)/upper limit of AST
level] /platelet count (x 10°/L)} x 100,

Statistical analysis

Three MR parameters (liver stiffness, ADC and CEI) and
APRI score was compared between the HF group and
nHF group using Mann-Whitney U test. For correlation
between the three MR parameters and APRI score in the
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HF group and nHF group separately, Spearman’s correla-
tion was used. A P-value < 0.05 was considered statistically
significant. Results of the statistical analysis were obtained
using commercially available software (MedCalc, version
10.1.0.0; MedCalc Software, Mariakierke, Belgium).

RESULTS

Comparison of three MR parameters and APRI score
between HF group and nHF group

Comparison of three MR parameters (liver stiffness,
ADC, and CEI) with APRI score between the HF group
and nHF group is shown in Table 1. The mean stiffness
values of the liver, as measured by MRE, were 4.05 +
2.06 kPa in the HF group and 2.1 + 0.44 kPa in the nHF
group. The HF group showed significantly higher stiff-
ness values compared with those of the nHF group (P
< 0.0001). ADC values measured on DWI were (1.04 £
0.11) x 10° mm’/s in the HF group and (1.21 £ 0.12)
X 107 mm’/s in the nHF group. ADC values were sig-
nificantly lower in the HF group compared with those
in the nHF group (P = 0.0001). CEI values measured on
hepatobiliary phase images on gadoxetic acid-enhanced
MR imaging wetre 1.58 * 0.38 in the HF group and 1.70
+ 0.22 in the nHF group. CEI values were lower in the
HF group compared with those of the nHF group, but
the difference did not reach statistical significance (P =
0.3002). APRI score was 0.99 £ 0.67 in the HF group
and 0.42 £ 0.36 in the nHF group. APRI score was sig-
nificantly higher in the HF group (P = 0.0002).

Correlation between three MR parameters and APRI
score in all patients

Liver stiffness showed strong positive correlation be-
tween APRI score [Spearman’s coefficient of rank cot-
relation tho (r) = 0.773] and the correlation was statisti-
cally significant (P < 0.0001) (Table 2, Figure 2). ADC
values and CEI showed weak negative correlation with
APRI score (Spearman’s coefficient of rank correlation
=-0.28 and -0.321, respectively), and the correlation was
significant in CEI and APRI (P = 0.038).

Correlation between three MR parameters and APRI

score in HF group and nHF group
When the correlation test was conducted between the
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Figure 2 Graphs showing scattergrams and lines of correlation between aspartate aminotransferase to the platelet ratio index score and three magnetic
resonance parameters, which are liver stiffness (A), apparent diffusion coefficient (B), and contrast enhancement ratio (C). Dotted curved lines represent
95%Cls. ADC: Apparent diffusion coefficient; CEI: Contrast enhancement ratio; APRI: Aspartate aminotransferase to the platelet ratio index.

Table 3 Correlation between three magnetic resonance parameters and aspartate aminotransferase to the platelet ratio index score

in hepatic fibrosis group and non-hepatic fibrosis group

Variable Y Liver stiffness ADC CEI

Variable X APRI APRI APRI

Group HF nHF HF nHF HF nHF
Sample size 23 19 23 19 23 19
Spearman's coefficient of rank correlation () 0.731 0.411 -0.128 -0.0404 -0.217 -0.132
95%CI 0.457-0.879  -0.054-0.729 -0.3-0.513 -0.422-0486  -0.578-0.214  -0.553-0.343
for r

P value' 0.0001 0.081 0.561 0.870 0.319 0.591

'Spearman’s correlation test. ADC: Apparent diffusion coefficient; CEI: Contrast enhancement ratio; APRI: Aspartate aminotransferase to the platelet ratio
index; HF: Hepatic fibrosis group; nHF: Non-hepatic fibrosis group.

three MR parameters and APRI score in each group sep- having various stages of hepatic fibrosis as well as in
arately, liver stiffness and APRI in the HF group showed those having normal liver, without significant modifi-
strong correlation (» = 0.731) (P = 0.0001). Correlation cation of the MRE protocol at 1.5-T. Our study also
between stiffness and APRI in the nHF group was mod- confirmed the previous preliminary result of a feasibility

erate (r = 0.411) (P = 0.081). Correlation between ADC study done in a healthy population at 3-T%". In our study,
or CEI and APRI was weak in both groups (Table 3, liver stiffness measured by MRE was 4.05 * 2.06 kPa
Figures 3 and 4). in the HF group and 2.1 * 0.44 kPa in the nHF group,

and these measurements fell in the range of those re-

. ious MRE . o 1.5 }
DISCUSSION El?ﬁzeoc;;&g};ze] previous studies using 1.5-T and 3-T
This study using MRE at 3-T demonstrated that liver Three imaging parameters (liver stiffness, ADC and

stiffness evaluation was feasible at 3-T MR in patients CEI) and one serologic test (APRI) in our study showed
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Figure 3 A 58-year-old man in the hepatic fibrosis group, who had hepatitis B virus-associated liver cirrhosis. A: T2-weighted reference image on which the
measurement of three MR parameters were performed; B: MRE (95% confidence map) shows increased stiffness value of 11.64 kPa (asterisk) in the right lobe of
the liver; C: Wave image shows elongated wavelength of the corresponding liver parenchyma; D: ADC map of the DWI image with b = 400 at the same level as A.
Measured ADC value was 1.011 x 10 mms; E: Hepatobiliary phase image of gadoxetic acid-enhanced MR at the same level as A. Measured CEl was 1.701. MR:
Magnetic resonance; MRE: Magnetic resonance elastography; DWI: Diffusion weighted image; ADC: Apparent diffusion coefficient; CEl: Contrast enhancement ratio.

the capability of differentiating the HF group from the
nHF group. The difference was statistically significant
for liver stiffness, ADC and APRI. Particularly, the dif-
ference was most significant in the liver stiffness value
measured by MRE (P < 0.0001). The superiority of
MRE in the hepatic fibrosis evaluation, over other non-
invasive methods such as various imaging studies ot se-
rologic tests is reported in many previous studies' ",
Previous studies of MRE in hepatic fibrosis demon-
strated that MRE is accurate in the discrimination of
moderate degree fibrosis (F2 or F3 and higher), and this
ability is useful in determining candidates for antiviral
treatment in patients having hepatitis C, and furthermore
liver stiffness values increased in parallel with the fibrosis

degree [11,12,20,26,33]
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Compared with MRE, DWI showed limited ability in
distinguishing fibrosis stage''". Even though DWI was
comparable to MRE in the differentiation of the HF and
the nHF group as shown in our study, and hepatic fibro-
sis stage = F2 or = I3 was predictable by ADC value
measurement, ADC values did not significantly dectrease
with increasing histologic fibrosis stage!"'"**!. Substantial
overlap of ADC values between cirrhosis and no-to-
moderate cirrhosis was also reported" . The exact mech-
anism of diffusion restriction in chronic liver disease is
not clearly elucidated yet and is likely to be multifactorial,
possibly related to the increased connective tissue lacking
in proton and diminished capillary perfusion™,

In our study, the degree of hepatic parenchymal en-
hancement on hepatobiliary phase images after gadoxetic

17563 December 14, 2014 | Volume 20 | Issue 46 |
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Figure 4 A 20-year-old woman in the non-hepatic fibrosis group, with incidental hepatic mass (biopsy proven focal nodular hyperplasia later) on screen-
ing. A: T2-weighted reference image on which the measurement of three MR parameters were performed; B: MRE (95% confidence map) shows normal range stiff-
ness value of 1.88 kPa (asterisk) in the right lobe of the liver; C: Wave image shows normal range (not elongated) wavelength of the corresponding liver parenchyma;
D: ADC map of the DWI image with b = 400 at the same level as A. Measured ADC value was 1.119 x 10° mm’/s; E: Hepatobiliary phase image of gadoxetic acid-
enhanced MR at the same level as A. Measured CEl was 1.826. MR: Magnetic resonance; MRE: Magnetic resonance elastography; DWI: Diffusion weighted image;

ADC: Apparent diffusion coefficient; CEl: Contrast enhancement ratio.

acid administration (CEI) was lower in the HF group
compared with that in the nHF group, but without statis-
tical significance. Increased hepatic SI after gadoxetic acid
enhancement is known to be associated with several fac-
tors such as hepatic function, clearance of indocyanine
green, and serum bilirubin levels"?. On the other hand,
decreased hepatic enhancement on hepatobiliary phase
suggests impaired uptake of gadoxetic acid by the liver,
and impaired gadoxetic acid uptake may be due to de-
creased number of functioning hepatocytes or disturbed
gadoxetic acid excretion due to hepatocytes dysfunc-
tion'". Previous study results of hepatic enhancement af-
ter gadoxetic acid on hepatic fibrosis evaluation indicated
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that this simple method is useful in the differentiation of
mild fibrosis from no fibrosis'™'".

Serum tests for staging hepatic fibrosis such as hy-
aluronic acid or N-terminal collagen Il propeptide are
available but their usefulness is limited because fibrosis is
not a liver-specific phenomenon', FibroTest (Biopredic-
tive, Paris, France) and APRI methods rather depend on
statistical approach for the prediction of fibrosis stage,
because biochemical markers used in these tests have no
direct relationship with the fibrosis™. APRI had a reli-
ability for the prediction of severe fibrosis and cirrhosis
and was superior to CEI for the discrimination of mini-
mal and advanced fibrosis, although it was less accurate

December 14, 2014 | Volume 20 | Issue 46 |



than MRE in the fibrosis stagingm’m’zg‘. Besides, it is a
simple index using readily available laboratory results*?,

We used APRI score as a reference tool in comparison
of three MR parameters in the hepatic fibrosis assessment
in this study. Promisingly, among the three MR parame-
ters, significant positive correlation was observed with liv-
er stiffness measured by MRE and APRI score (correlation
coefficient » = 0.773). When those two parameters were
compared in the HF group and the nHF group separately,
the HF group showed significant positive correlation
(correlation coefficient » = 0.731), and these results are
in accord to the previous comparison study of MRE and
APRI score in hepatic fibrosis staging“g].

Even though plenty of reports on MRE in hepatic
fibrosis staging have been or are being published, few
use the 3-T MR machine and therefore the experiences
of MRE in 3-T MR is limited so far. Because 3-T MR in
abdominal imaging is widely used in many institutions
nowadays owing to improved resolution, application of
MRE in the 3-T should be positively considered. Despite
the concern of susceptibility artifacts caused by gradient
echo sequence in 3-T, several preliminary studies, includ-
ing our study, showed the feasibility of MRE studies in
3-T MR, in various degrees of hepatic fibrosis patients
as well as healthy volunteers"”.

Several limitations and comments in this study should
be mentioned. First, because the categorization of pa-
tients as the HF group or the nHF group was performed
on the basis of clinical diagnosis rather than histopatho-
logic results, either stratification of fibrosis staging or per-
formance study of the MR parameters was not achieved.
There was no information available, therefore, on the rela-
tionship between mild or moderate fibrosis and MR im-
aging parameters. Instead, we used APRI score as a ref-
erence subject. Second, some patients who had received
chemotherapy for colorectal cancers were included in the
nHF group. Although those patients did not show liver
function test abnormalities, the possible influence of
chemotherapeutic agents on hepatic parenchymal elastic-
ity cannot be excluded. Third, there were partial losses
of elastogram in some patients in our study, probably
due to artifacts caused by susceptibility on 3-T. We need
to present quantitative results with regard to the image
quality of MRE on 3-T, in comparison with that on 1.5-T
MR in the future study. Fourth, interobserver vatiation
regarding the measurement of MR parameters used in
this study was not assessed because all of the measure-
ment was performed by one radiologist. Fortunately,
however, high reproducibility and repeatability of the
stiffness measurement by MRE was proved in the prior
study, even though the study was done in 1.5-T MRP*,
Also, ROI selection by one radiologist may be prone to
subjectivity although it was done according to rules to
avoid major hepatic vessels, liver edges, and motion arti-
fact. The small sample size of the study population must
be another drawback lastly, which limited the power of
data analysis.

In conclusion, based on the results of our preliminary
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study, MRE on 3-T MR is a feasible imaging method in
the evaluation of patients having various degrees of he-
patic fibrosis. Further study accompanied by a histopatho-
logic reference standard would consolidate the usefulness
of MRE in 3-T MR as a potential noninvasive modality
which would replace liver biopsy in hepatic fibrosis.
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Background

Information on the presence and degree of hepatic fibrosis will be useful in pa-
tients with chronic liver disease for therapeutic decisions or disease outcome
predictions. Magnetic resonance elastography (MRE) is a new noninvasive
technique for quantitative imaging of direct consequence of hepatic viscoelas-
tic properties, based on the observation that fibrosis leads to increased tissue
stiffness.

Research frontiers

Studies performed so far have demonstrated that MRE is a promising method
for the evaluation of hepatic fibrosis. A stiffness value measured by MRE
showed at least moderate correlation with hepatic fibrosis stage determined by
pathology and diagnostic performance of MRE was at least equal or superior to
other modalities such as gadoxetic acid enhanced magnetic resonance (MR)
imaging, serum marker such as aspartate aminotransferase to the platelet ratio
index (APRI), or diffusion weighted imaging (DWI). In this study, the authors
investigated the feasibility of MRE at 3-Tesla (T) for the assessment of hepatic
fibrosis based on APRI, and compared that with DWI and gadoxetic acid-
enhanced MR imaging.

Innovations and breakthroughs

Even though plenty of reports on MRE in the hepatic fibrosis staging have been
or are being published, those using 3-T MR machines are few and therefore the
experiences of MRE in the 3-T MR is limited so far. Because 3-T MR in abdomi-
nal imaging is widely used in many institutions nowadays owing to improved
resolution, application of MRE in the 3-T should be positively considered. De-
spite the concern of susceptibility artifacts caused by gradient echo sequence
in 3-T, several preliminary studies including this study showed the feasibility of
MRE studies in 3-T MR, in the various degrees of hepatic fibrosis patients as
well as healthy volunteers.

Applications

Based on the results of our preliminary study, MRE on 3-T MR is a feasible
imaging method in the evaluation of patients having various degree of hepatic
fibrosis. Further study accompanied by a histopathologic reference standard
would consolidate usefulness of MRE in 3-T MR as a potential noninvasive mo-
dality which would replace liver biopsy in the hepatic fibrosis.

Peer review

This is a highly interesting study demonstrating the utility of 3-T MR imaging
for assessing patients with hepatic fibrosis. | have enjoyed reading this article
because the authors wrote a very nice paper documenting their cross-sectional
study in 42 patients. They presented solid data on the group separation and
pairwise correlations based on regional parameters derived from MRE, Diffu-
sion-weighted and gadoxetic acid-enhanced MR imaging. The results supported
the conclusion that MRE at 3-T may be a feasible method for the assessment
of hepatic fibrosis and provides a potential noninvasive modality which would
replace liver biopsy in the future.
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