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CHRONIC LIVER DISEASE can lead to hepatic fibro-
sis, cirrhosis, portal hypertension, and hepatocellular
carcinoma (1). In the management of chronic liver dis-
ease, staging of hepatic fibrosis is important because
the fibrosis stage is closely associated with the prog-
nosis and risk of hepatocarcinogenesis (2,3). Liver
biopsy, followed by histopathologic assessment, is
commonly performed for such staging. However,
biopsy is associated with complications such as hem-
orrhage and infection as well as difficulties such as a
sampling error, high interobserver variability among
pathologists, and low patient acceptance {4-6). There-
fore, noninvasive methods have been developed for
assessing hepatic fibrosis.

With regard to imaging, transient elastography has
been used for several clinical studies of liver stiffness
(7-9). Recently, MR elastography (MRE} has been
developed for measuring liver stiffness {10-12). It is
used primarily for staging hepatic fibrosis in the clini-
cal setting (13,14). Several researchers have reported
that MRE has sufficient reproducibility (15-17) and
high diagnostic ability for hepatic fibrosis (18-21).
However, activity of hepatitis has not been considered
in these studies. Previous studies using ultrasound
elastography have suggested that activity of hepatitis
(A grade] can affect liver stiffness measurement
(22,23). Activity of the inflammation in the liver is well
indicated by the serum alanine aminotransferase
(ALT) level (24). Therefore, the purpose of this study
was to evaluate the effect of activity of hepatitis on
liver stiffness measurements by MRE and the role of
serum ALT level in the staging of liver fibrosis by MRE.

MATERIALS AND METHODS
Subjects

This retrospective study was performed in accordance
with the principles of the Declaration of Helsinki and
approved by the institutional review board. Between
January 2010 and December 2013, a total of 1444

1203
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Between January 2010 and December 2013,
1444 patients underwent MRE at our institution,

Liver biopsy or hepatettomy was performed
within 2 months?

Ne gxcluded
Yes n=1272

n=172

Sufficient amount of samples to evaluate
fibrosis score and activity grade?

No
Excluded
Yes n=30

n=142
With available MRE data?

No  exeluded
Yes Severe iron deposits {n=7)

n=135
Figure 1.Inclusion criteria of this study. One hundred
thirty-five patients met the inclusion criteria.

consecutive patients underwent MRE for liver investi-
gation. Among the 1444 patients, we found 172
patients in whom histopathologic determination
{(METAVIR scoring system) of the fibrosis stage and
activity grade were available within 2 months of MRE.
Seven patients were excluded because no signals were
obtained from the liver with gradient echo-based MRE
sequence due to severe iron deposits. Thirty patients
in whom a tissue biopsy yielded insufficient amounts
of liver tissue for the evaluation of fibrosis and activity
grade were also excluded. The study was finally con-
ducted in 135 patients with chronic liver disease who
met the inclusion criteria (Fig. 1).

The mean patient age was 64.1 = 11.1 years {range,
19-86 years), with 105 men and 30 women. Liver
specimens were obtained by either a liver biopsy
(n=44) or resection (n=91) and reviewed by one
pathologist (T.N.}) with 14 years’ experience who was
blinded to the results of MRE.

Histopathological assessment was performed using
hematoxylin and eosin stain and Masson trichrome
stain to determine the fibrosis stage (F score} and
activity grade of hepatitis (A grade) using the META-
VIR scoring system: FO, no fibrosis; F1, portal fibrosis
without septa; F2, portal fibrosis with a few septa; F3,
numerous septa without cirrhosis; and F4, cirrhosis;
AQ, none; Al, mild; A2, moderate; and A3, severe
inflammatory activity.

The results of the histopathological assessment
were as follows: F1 (n=25 [Al, 14; A2, 6; A3, 5]), F2
(n=239 [Al, 21; A2, 13 A3, 5]}, F3 (n=234 [Al, 11; A2,
16; A3, 71), and F4 (n=237 [Al, 8; A2, 19; A3, 10]).

The etiologies of chronic liver disease were hepatitis
C {(n=84), hepatitis B (n=17), hepatitis B and C
{n=2), alcoholic steatohepatitis (n= 13), nonalcoholic
steatohepatitis (NASH) (n=23)}, autoimmune hepatitis
(n=1), primary biliary cirrhosis (n=3), primary scle-

Ichikawa et al.

Table 1

MR Sequence Parameters Applied in this Study

Parameter 1.5T system 3-T system

Sequence Two-dimensional  Two-dimensional
gradient-echo gradient-echo
T1-weighted T1-weighted
imaging imaging

Plane Transverse Transverse

Repetition time (ms) 100 50

Echo time {ms) 27 20

Matrix 256 x 64 256 x 80

Field of view (cm) 36 x 27 35 x 35

Section thickness/intersection 10/5 10/5

gap (mm)

No. of signals acquired 1 1

Flip angle () 30 23

Acquisition time (s) 13 i5

Frequency of driver (Hz) 60 60

Amplitude (%) 60 70

Axis of motion-sensitizing z z

gradient pulse

rosing cholangitis (n=2), and uncertain liver disease
with elevated liver enzyme level (n=10).

MRE

MRE was performed by using a superconducting mag-
net operating at 1.5 Tesla (T) (Signa EXCITE HD, GE
Medical Systems, Waukesha, WI} with 8-channel
(n=105) or 3T (Discovery 750; GE Medical Systems)
with 32-channel phased-array coil (n=30). With the
patient in the supine position, a cylindrical passive
driver was attached to the right chest wall with a rub-
ber belt. A vibrator placed outside the imaging room
produced a pneumatic vibration that was delivered to
the driver by means of a plastic cylinder. The driver
then transferred the vibration to the liver by means of
the chest wall (10). The MRE system was developed at
Mayo Clinic {(Rochester, MN).

The scanning position was set from above the gall
bladder to below the subphrenic region of the liver.
For acquiring images in consistent positions at each
phase offset, the patients were asked to hold their
breath after expiration (14). The sequence parameters
are summarized in Table 1.

The MR scanners automatically generated liver stiff-
ness maps by processing the acquired propagating
shear wave images according to an inversion algo-
rithm (25,26). The shear stiffness of the tissue was
determined as a pixel value (kPa) {26.27). In each
patient, the region of interest (ROI) was placed in the
right lobe of the liver on the basis of the stiffness
maps by one radiologist (S.1.) with 9 years of experi-
ence in abdominal radiology who was blinded to the
histopathologic data. As a rule, the ROI was at least
1.5 cm? in area and excluded blood vessels, the liver
edge, and the part where interference of the propagat-
ing waves was observed on the phase images.

Blood Tests

MRE and blood tests were performed within a week in
all subjects. In this test, the platelet count and the
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High ALT Level Serve as a Heads-Up

Table 2
Liver Stiffness of A1, A2, and A3 Measured by MRE for Each
Fibrosis Stage*

Al A2 A3 P value
F1 240+ 0.50 2.50+0.24 3.18+1.03 0.2907
F2 2.86 +0.66 3.22 £ 0.33 2.92+0.27 0.0571
F3 3.28 +0.52 4.09 + 0.86 453+ 0.71 0.00431
F4 4.83+0.33 5.15+0.93 6.36 +1.32 0.0106¢

*Values are presented as the mean x standard deviation (kPa).
Employed statistics, Kruskal-Wallis test.
1P« 0.05.

grade of ALT/upper limit of normal range (ULN, 32
1U/L) were included in addition to the MRE, age, and
gender of the patients. Platelet count is supposed to
be a reliable indicator of cirrhosis among various
blood tests {24). The elevated ALT level can indicate
high activity of hepatitis (22).

Statistical Analysis

The stiffness value of the liver was expressed using
shear modulus (kPa) in MRE. The mean and standard
deviation values of liver stiffness measured by MRE
for each fibrosis stage and activity grade were calcu-
lated. The difference of liver stiffness among three
activity grades was tested by Kruskal-Wallis test for
each fibrosis stage.

Multiple linear regression models were used to delin-
eate the inflammatory effects on liver stiffness by calecu-
lating the R? values between liver stiffness by MRE and
multiple variables in the following three models: model
1, variables included age, gender, body mass index
(BMI), international normalized ratioc of prothrombin
time (PT-INR), platelet count, and METAVIR F score;
model 2, model 1 plus ALT/ ULN; and model 3, model 1
plus METAVIR A grades. The models 2 and 3 were per-
formed to clarify whether they would increase the
adjusted correlation coefficient against liver stiffness by
MRE, taking into account the ALT level and METAVIR A
grade. During the analysis, the ALT level was catego-
rized into 4 grades: G1, ALT/ULN<1; G2, 1<ALT/
UIN< 2; G3, 2<ALT/ULN < 3; and G4, 3 <ALT/ULN.
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Figure 2. Relations of liver stiffness, fibrosis stage, and
activity grade. The mean stiffness values of the liver
increased as the fibrosis stage progressed. Among patients
with F3 and F4, the mean stiffness values of the liver
increase as activity grade increases.

1205

Figure 3. MRE image of a 74-year-old man with chronic
hepatitis type C (A1F3) obtained in the transverse plane. For
this figure, the portions of the elastogram corresponding to
the liver have been superimposed on a conventional MR
image. The mean stiffness value is 3.3 kPa.

A multivariate logistic regression model was used to
identify independent factors that can predict cirrhosis
(F4). This test was intended to identify noninvasive
clinical indicators of cirrhosis.

JMP software (version 10; SAS Institute, Cary, NC)
was used for all the analyses. P<0.05 indicated sta-
tistical significance.

RESULTS

Relations of Liver Stiffness, Fibrosis Stage, and
Activity Grade

The mean stiffness values of the liver increased as the
fibrosis stage progressed. Among patients with F3 and
F4, the mean stiffness values of the liver also increased
as the activity grade progressed (Table 2; Figs. 2-4).

Multiple Linear Regression Models

In addition to the METAVIR F score, multiple linear
regression consistently identified platelet count as a

Figure 4. MRE image of a 72-year-old man with chronic
hepatitis type C (A3F3) obtained in the transverse plane. For
this figure, the portions of the elastogram corresponding to
the liver have been superimposed on a conventional MR
image. The mean stiffness value is 4.9 kPa.
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1206 Ichikawa et al.
Table 3
Three Multiple Linear Regression Models to Identify Independent Significant Factors That Explain Liver Stiffness*

Model 1 Model 2 Model 3
Variable B P value B P value B P value
Age [year] —0.00655 0.3360 —0.00325 0.6438 —0.00369 0.5568
Male gender -0.07628 0.3746 -(.05748 0.5055 0.02687 0.7371
BMI [kg/mz] -0.00457 0.8209 -0.00163 0.9351 0.00396 0.8316
PT-INR 0.42808 0.6771 0.05096 0.9601 —~0.02947 0.9753
Platelet -0.00462 0.0024! -0.00396 0.0100 -0.00483 0.0006'
METAVIR F
>F2 vs <F1 —-0.20108 0.0824 —~0.23025 0.0455" —~0.13834 0.1952
>F3 vs. <F2 0.44178 <0.0011 0.36907 0.0003" 0.39862 <0.001!
F4 vs. <F3 0.62623 <0.0017 0.72282 <0.001" 0.60408 <0.001!
ALT/ULN
>G2 vs G 0.00760 0.9251
>G3 vs <G2 —0.16613 0.2067
G4 vs <G3 0.30469 0.0164
METAVIR A
>A2 0.18352 0.0157!
A3 0.28185 0.0023!
R? 0.6683 0.6846 0.7248
Adjusted R? 0.6472 0.6564 0.7026

*Variable references: female gender, METAVIR F1, ALT/ULN <1, METAVIR A1.

fP<0.05.

BMI = body mass index; PT-INR = international normalized ratio of prothrombin time; ALT =alanine aminotransferase; ULN = upper limit of
normal; R? = coefficient of determination; B =partial regression coefficient.

significant explanatory factor for liver stiffness. The
METAVIR A grade and ALT/ULN (G4) were also identi-
fied as significant explanatory factors (models 3 and 2).
The adjusted R? value of model 3 (0.7026) was higher
than those of models 1 (0.6472) and 2 {0.6564) (Table 3).

Multivariate Logistic Regression Models

The liver stiffness value measured by MRE was an
independent indicator of pathologically determined
cirrhosis (F4), with the odds ratio (95% confidence
interval) of 9.91 {(4.38-30.08, P<0.0001; Table 4).
Highly elevated ALT level (G4) showed significant neg-
ative association with cirrhosis {(odds ratio [95% confi-
dence interval], 0.0066 [0.00017-0.12], P=0003).

Table 4
Multivariate Logistic Regression Models to identify Independent
Significant Factors Which Can Predict Cirrhosis (F4)

For predicting cirrhosis (F4)

QOdds ratio (95% CI) P value
Age [year] 1.03 (0.94-1.13) 0.5243
Male gender 1.54 (0.26-9.78) 0.6300
Platelet 0.011 (0.960-1.01) 0.1878
MRE [kPa] 9.91 (4.38-30.08) <0.0001
ALT/ULN
G2/G1 2.05 (0.40-11.47) 0.3890
G3/G2 6.12 (0.57-88.57) 0.1377
G4/G3 0.0066 (0.00017-0.12) 0.0003

BMI=body mass index; PT-INR = international normalized ratio of
prothrombin time; ALT =alanine aminotransferase; ULN = upper
limit of normal; G1 means ALT/ULN<1; G2, 1<ALT/ULN<2; G3,
2<ALT/ULN<3; G4, 3<ALT/ULN.

DISCUSSION

Imaging-based elastography has been developed
recently and is widely used for the staging of liver
fibrosis (7,20). Ultrasound elastography and MRE
have some similarities when used to measure the liver
stiffness, e.g., both techniques use elastic waves to
estimate the shear modulus. However, MRE has a few
advantages over ultrasound elastography, including a
higher validity for staging fibrosis {20,28); larger area
for measurement, preventing sampling error or insta-
bility of the results; and continuous elastic waves that
propagate even through thick subcutaneous fat or
ascites.

This study revealed that the activity grade of hepati-
tis can independently affect liver stiffness measured
by MRE. This result is consistent with those of recent
studies using transient elastography (23) or acoustic
radiation force impulse {(ARFI) elastography (22). It is
well known that the stiffness value of the organs is

-affected not only by fibrosis but also by blood perfu-

sion {29-31). Inflammation in a tissue can increases
the local blood supply and intra- or extracellular pres-
sure, which may increase the stiffness value (32).
Moreover, swelling of hepatocytes, interstitial edema,
and infiltration of inflammatory cells may increase
liver stiffness in patients with acute hepatitis (33).
Several examinations have revealed significant cor-
relations between serum ALT level and liver stiffness
measured by transient elastography or ARFI elastog-
raphy (22,23). A relationship between ALT level and
liver stiffness was also revealed in our study using
MRE. According to a previous report, the cutoff value
to distinguish F4 from <F3 by MRE was 4.6 kPa (18).
In our study, 13 noncirrhotic patients (<F3} had very
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Figure 5. Liver stiffness can be overestimated in cases with
highly elevated ALT level. When serum ALT level is >3 times
higher than upper limit of normal range (ULN), MRE-based
cirrhosis diagnosis can provide false positive results in the
cases without pathological liver cirrhosis.

high serum ALT levels (ALT/ULT > 3, G4). When using
4.6 kPa by MRE as a cutoff value for noninvasive
diagnosis of cirrhosis, 6 out of 13 patients would be
wrongly diagnosed with cirrhosis (4.7-5.3 kPa)
(Fig. 5), i.e., the false positive rate would be 46%
(68/13), which is obviously higher than that described
in the previous reports (0%, 0/24) (13}, {10.0%, 3/30)
(14), (14.1%, 10/71) (18), (7.8%, 4/51) (19), (4.8%,
2/42) (21), and (7.8%, 6/77) (34). Therefore, the
inflammatory effect in the liver should be considered,
when using MRE for the diagnosis of cirrhosis in
patients with high serum ALT value.

In addition to elastography, several MR imaging
methods for staging liver fibrosis have been proposed,
such as diffusion-weighted imaging and an uptake
index in gadoxetic acid-enhanced hepatocyte-phase
imaging (35-38}. These methods use parameters such
as molecular diffusivity, tissue microperfusion, or
hepatocyte function to assess liver fibrosis (39,40).
Although these methods correlate well with the fibro-
sis stages, comparative studies have suggested that
they do not have sufficient diagnostic ability when
compared with the use of serum markers or MRE (41—
43). Moreover, it is unclear whether activity of hepati-
tis affects the measurement of liver stiffness when the
abovementioned methods are used.

This study has several limitations. First, several fac-
tors that might influence liver stiffness, including ste-
atosis, edema, iron overload, and portal/arterial flow
were not analyzed. Although steatosis might not affect
the stiffness measurement, fat deposition can cause
inflammation and consequently increase liver stiffness
even in the absence of fibrosis {(44,45). Second, the
fibrosis score and activity grade were diagnosed by
only one histopathologic assessment after either liver
biopsy or resection. Assessment of liver biopsies can
have high inter- and intraobserver variability (4-6),
and the reproducibility of the histopathologic fibrosis
staging could not be examined. Because fibrosis is
supposed to be the largest stiffness-increasing factor,
the variation in fibrosis staging may have biased the
results. Although MRE has many advantages and
higher validity over ultrasound elastography, it also
has several limitations. Because the stiffness is calcu-
lated by the wavelength of the propagating elastic
waves that are visualized on the phase image, the
results can be affected by confounders such as car-
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diac motion. Recently, a technique to automatically
delineate the area in which accurate measurement is
possible has been developed {46). We did not use this
technique because it was not available at the time
that the data were acquired. The retrospective study
design can be also a limitation. We only included the
patients who had pathological fibrosis staging, which
may have selection bias. Prospective study with non-
biased recruitment protocol would be expected to con-
firm the results of our study.

In conclusion, when using MRE to stage liver fibro-
sis, the activity of hepatitis should be considered a
confounder of liver stiffness measurement. In cases of
highly elevated ALT levels, MRE can potentially make
an overdiagnosis of liver cirrhosis.
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