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Purpose: To determine the diagnostic performance of magnetic resonance 
(MR) elastography for the staging of hepatic fibrosis and to eval-
uate the influence of necroinflammation on hepatic stiffness in 
patients with chronic hepatitis B virus (HBV) infection by using 
histopathologic findings as the reference standard.

Materials and 
Methods:

One hundred thirteen consecutive patients with chronic HBV in-
fection were recruited prospectively in this institutional review 
board–approved study after providing written informed consent 
between March 2012 and October 2013. The stiffness measure-
ments were obtained by using two-dimensional gradient-echo 
MR elastography with a 3.0-T MR system. The METAVIR scoring 
system was used for the assessment of fibrosis (“F” stage) and 
necroinflammation (“A” grade). The predictive ability of MR elas-
tography was evaluated by using the receiver operating charac-
teristic (ROC) curve and the area under the ROC curve (AUC). 
Multiple linear regression analyses were conducted to determine 
the relationship between hepatic stiffness and the variables that 
showed a significant association in the univariate analysis or those 
that were of interest for comparison with earlier work (histologic 
scores, sex, age, aspartate aminotransferase level, and aspartate 
aminotransferase/alanine aminotransferase ratio).

Results: MR elastography showed excellent performance for characteriza-
tion of F1, F2, F3, and F4 findings, with AUC values of 0.961, 
0.986, 1.000, and 0.998, respectively. It showed a moderate capa-
bility for evaluation of necroinflammatory activity of A1, A2, 
and A3 (AUC = 0.806, 0.834, and 0.906, respectively). Multiple 
linear regression analysis showed that fibrosis, necroinflammation, 
and sex were independently associated with hepatic stiffness (b = 
0.799, 0.277, and 0.070, respectively; P , .05). For pairwise com-
parisons, log-transformed hepatic stiffness showed no difference 
between (a) groups F0/A2–3 and F1/A0–1 and (b) groups F1/
A2–3 and F2/A0–1 (P . .99 and P = .486, respectively).

Conclusion: MR elastography demonstrated excellent performance for dis-
tinguishing the stages of hepatic fibrosis in patients with chronic 
HBV infection. For hepatic tissue with F2 fibrosis, necroin-
flammation can account for a substantial fraction of the increase 
in hepatic stiffness.
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Materials and Methods

Patients
This prospective study was approved 
by our institutional review board, and 
written informed consent for the study 
was obtained. The Mayo Clinic and 
two authors (K.J.G. and R.L.E.) have 
intellectual property rights and a finan-
cial interest in MR elastography. Y.S. 
and Q.G. had control of the data. Be-
tween March 2012 and October 2013, 
173 consecutive Asian patients with 
chronic HBV infection referred to the 
division of infectious diseases of our 
Asian hospital for medical treatment 
were initially included in the study if 
(a) they were 18 years old or older 
without known or recent pregnancy, 
(b) they planned to undergo a biopsy 
during their hospitalization or under-
went histologic examination within 3 
months of hospitalization, (c) they had 
HBV surface antigen for more than 6 
months and serum HBV DNA levels 
higher than 105 copies per milliliter or 
persistent or intermittent increase in 

other studies have demonstrated his-
tologic differences between chronic 
HCV and chronic HBV fibrotic pat-
terns, noting higher perisinusoidal fi-
brosis in chronic HCV infection for pa-
tients with a fibrosis stage (“F” stage) 
of F2 (8). Hence, when comparing 
hepatic tissue with the same severity 
of fibrosis shown by histopathologic 
findings in patients with chronic HCV 
and chronic HBV infections, chronic 
HBV–infected tissue might have less 
collagen and more variable inflamma-
tory changes than tissue with chronic 
HCV infection.

MR elastography is increasingly 
being used clinically as a noninva-
sive method to stage hepatic fibrosis 
(10–25). However, MR elastography 
studies in patients with homogeneous 
HBV infection or direct comparative 
studies between HBV and HCV are 
rare (26–29). Studies involving the 
use of transient elastography have 
shown that it is not accurate for phy-
sicians to apply the same stiffness 
cutoff values determined in patients 
with chronic HCV infection to the 
population with chronic HBV infec-
tion for evaluation of hepatic fibrosis 
(7,30). Likewise, the cutoff stiffness 
values for MR elastography that op-
timize the sensitivity and specificity 
in chronic HCV infection might cause 
over- or underestimation of the real fi-
brotic status in chronic HBV infection 
(10,15,16,31,32). Hence, the aim of 
this study was to determine the diag-
nostic performance of MR elastogra-
phy for the staging of hepatic fibrosis 
and evaluate the influence of necroin-
flammation on hepatic stiffness in pa-
tients with chronic HBV infection by 
using histopathologic findings as the 
reference standard.

According to the World Health 
Organization, more than 240 
million people have a chronic 

hepatitis B virus (HBV) infection (1), 
185 million people have chronic hep-
atitis C virus (HCV) infection, and an 
additional 3 to 4 million people are 
infected each year (2). HBV and HCV 
infections are prevalent throughout the 
world, and their consequences can be 
serious (3,4). Long-term chronic infec-
tion with one or both of these viruses 
is the most common cause of hepatic 
fibrosis, leading to hepatic cirrhosis 
and hepatocellular carcinoma (5,6).

Chronic HBV infection is different 
from chronic HCV infection in both 
clinical course and histologic changes 
(7,8). Chronic HBV infection displays 
a fluctuating pattern of hepatic in-
flammation and fibrosis progression 
characterized by recurrent episodes 
of abnormal hepatic function, whereas 
chronic HCV has a more severe and 
continuous progressive course (7). 
In a prior study, hepatic tissue with 
pathologically proven inflammation 
but without any fibrosis showed a mild 
elevated stiffness by using magnetic 
resonance (MR) elastography and 
comparing the findings with those of 
healthy hepatic tissues (9). Moreover, 

Implication for Patient Care

 n The results indicate that MR 
elastography is suitable for strat-
ifying patients with hepatic 
fibrosis caused by chronic HBV 
infection; for hepatic tissue with 
F2 fibrosis, necroinflammation 
accounts for a portion of the 
elevated hepatic stiffness.

Advances in Knowledge

 n MR elastrography had high diag-
nostic accuracy for hepatic fibro-
sis in chronic hepatitis B virus 
(HBV) infection, with an area 
under the receiver operating 
characteristic curve of 0.961, 
0.986, 1.000, and 0.998 for 
fibrosis stages F1, F2, F3, and 
F4, respectively.

 n Both fibrosis stage and necroin-
flammation grade were indepen-
dent factors that contributed to 
hepatic stiffness (multivariate 
linear regression, b = 0.799 and 
0.277, respectively; P , .001).

 n The variable contribution of 
necroinflammation to hepatic 
stiffness can be a confounding 
factor that can cause overestima-
tion of nonadvanced fibrosis 
(fibrosis stage  2).
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in diameter to deliver the vibrations 
to the right side of the subject’s rib 
cage. Both drivers were developed by 
the Mayo Clinic (Rochester, Minn) and 
were given to our institute along with 
a service agreement. Owing to imager 
updates, the MR elastography imaging 
parameters were different for some 
subjects. Forty-two patients underwent 
imaging while the system was using 
software version 15, and 71 patients 
underwent imaging after the system 
was upgraded to version 16. The MR 
elastography acquisition parameters 
for the 42 patients included repeti-
tion time (msec)/echo time (msec), 
50/27.9; phase offsets, four; acquisi-
tion matrix size, 256 3 192; parallel 
imaging acceleration factor, two; flip 
angle, 30°; section thickness, 10 mm; 
fractional phase field of view, 0.7; and 
field of view, 34–40 cm, adjusted to 
body habitus. The MR elastography 
acquisition parameters for the 71 pa-
tients included 50/24.0; phase offsets, 
four; acquisition matrix size, 256 3 
64; parallel imaging acceleration fac-
tor, two; flip angle, 30°; section thick-
ness, 7 mm; fractional phase field of 
view, 1.0; and field of view, 34–40 cm, 
adjusted to body habitus. Each sec-
tion was obtained in one breath hold 
of 28 seconds (14 seconds) at the end 
of expiration. There was no significant 
difference in the age (P = .498) or sex 
(P = .922) distribution in these two 
groups. The patient data from these 
two groups were pooled, as there were 
not enough subjects in each group for 
a robust statistical analysis and be-
cause the vibration frequency, stiffness 
estimation algorithm, and ROI defini-
tion techniques were kept constant.

Measurement of Hepatic Stiffness
The MR elastography stiffness images 
were calculated from the acquired 
wave images by using an algorithm 
developed at and provided by Mayo 
Clinic that directly solves the Helm-
holtz wave equation with four two-
dimensional directional filters (radial 
Butterworth bandpass filter cutoff 
frequencies of two and 128 cycles per 
field of view) (33–35). The shear stiff-
ness of the tissue, in kilopascals, was 

in age from 19 to 62 years (median age, 
42 years) and included 48 men and 65 
women. The median patient age was 
43 years (25th to 75th percentile of the 
interquartile range [IQR], 34–47 years) 
for men and 42 years (IQR, 35–47 
years) for women (P = .466). The me-
dian body mass index (BMI) was 21.71 
kg/m2 (range, 17.8–32.6 kg/m2). The 
median BMI was 21.43 kg/m2 for men 
(IQR, 19.21–24.43 kg/m2) and 22.49 
kg/m2 for women (IQR, 20.95–24.91 
kg/m2) (P = .008). A fasting venous 
blood sample was acquired to measure 
the ALT and AST levels.

MR Acquisitions
The participants were asked to fast 
for at least 6 hours prior to the ex-
amination. Each subject underwent 
MR elastography with a 3.0-T MR 
system (Signa Excite HD; GE Medical 
Systems, Milwaukee, Wis), equipped 
with an eight-element torso phased-ar-
ray coil. Axial sections were acquired 
by using a two-dimensional gradient-
echo MR elastography sequence. An 
active acoustic driver was located out-
side of the imaging room and gener-
ated 60-Hz mechanical vibrations. The 
active driver was connected via flexi-
ble tubing to a passive driver 19 cm 

alanine aminotransferase (ALT) and/
or aspartate aminotransferase (AST) 
levels, (d) they were patients who had 
not undergone antiviral or other he-
patic disease–related therapy, and (e) 
they did not have any MR imaging con-
traindications. Patients were excluded 
if they had (a) other causes of chronic 
hepatic disease (eg, hepatitis C or D 
virus, excessive alcohol consumption 
[more than 30 g per day], hemochro-
matosis, autoimmune hepatitis, Wilson 
disease, a1-antitrypsin deficiency, pri-
mary sclerosing cholangitis, or primary 
biliary cirrhosis), (b) human immuno-
deficiency virus coinfection or hepatitis 
C or D coinfection, (c) a hepatic tumor 
that interfered with effective hepatic 
stiffness measurements, (d) hepatic 
decompensation—Child-Pugh score 
higher than 6 (class B and C), or (e) 
imaging complications (eg, operator er-
ror or driver problems while perform-
ing the examination, failure to perform 
the necessary breath holds, or too little 
liver considered to be able to achieve 
valid stiffness estimates with the inver-
sion and region of interest [ROI] place-
ment algorithms). One hundred thir-
teen patients were ultimately included 
in this study on the basis of these se-
lection criteria (Fig 1). Patients ranged 

Figure 1

Figure 1: Flowchart shows the study enrollment process during the 19-month study period. “Treatment 
naive” indicates that no antiviral or other hepatic disease–related thearpy was administered. MRE = MR 
elastography.
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The pathologists were blinded to the 
clinical and imaging data. Hepatic bi-
opsies that contained fewer than 11 
portal tracts (except for cirrhosis) were 
excluded from the histologic analysis. 
The length of each hepatic biopsy spec-
imen was measured in millimeters. 
Hepatic steatosis was expressed as 
the percentage of cells that contained 
fat vacuoles. The fibrosis stage and the 
necroinflammatory activity grade (“A” 
grade) were evaluated by using the 
METAVIR scoring system (36–38). Fi-
brosis was graded on a scale of 0 to 4 as 
follows: no fibrosis (F0); mild fibrosis, 
portal fibrosis without septa (F1); sub-
stantial fibrosis, portal fibrosis, and few 
septa (F2); advanced fibrosis, numer-
ous septa without cirrhosis (F3); and 
cirrhosis (F4). The necroinflammatory 
activity score was graded on a scale of 
0 to 3 as follows: no activity (A0), mild 

of experience in abdominal diagnostic 
radiology and 2 years of experience 
with MR elastography measurements), 
measured the hepatic stiffness inde-
pendently by creating ROIs manually by 
using the MR elastography magnitude, 
wave, and stiffness images according 
the criteria discussed by Shire et al 
and Dzyubak et al (29,35). Figure 2  
shows a representative example of the 
two measurements in one patient.

Assessment of Pathologic Specimens
Liver histologic examination was con-
ducted semiquantitatively in percutane-
ous hepatic biopsy samples by using a 
16-gauge disposable needle. The speci-
mens were stained with hematoxylin-eo-
sin and reviewed independently by two 
pathologists (two nonauthors with 14 
and 18 years of experience and subspe-
cialty expertise in hepatic pathology). 

determined at each pixel and shown on 
an elastogram. The MR elastography 
wave, stiffness, and anatomic images 
were analyzed by using an in-house, 
fully automated algorithm for hepatic 
stiffness measurements described 
by Dzyubak et al (35). The ROI and 
the mean stiffness were automatically 
generated for all 113 patients (mean 
ROI size, 2906 pixels 6 1393; range, 
1011–6222 pixels). If the ROI con-
tained less than 1000 pixels, the image 
quality was considered suboptimal, 
and the subject was excluded from fur-
ther analysis. Images acquired in 30 
randomly selected patients, ranging in 
status from healthy to having severe fi-
brosis, were also analyzed by a human 
reader to confirm the reliability of the 
automated algorithm. The reader, who 
was blinded to the results from the au-
tomated processing (Y.S., with 7 years 

Figure 2

Figure 2: MR elastography magnitude images (left) and MR elastograms (right) in a 30-year-old man with fibrosis stage F0 and 
necroinflammation grade A1. A, Green outlined area indicates the automated ROI. B, Corresponding axial elastogram shows the same 
automated ROI. The recorded stiffness was 2.26 kPa 6 0.29. C, Red outlined area indicates the reader-defined ROI, excluding areas of 
interference, portal areas, and blood vessels. D, Reader-defined ROI is shown on the elastogram, and the reported stiffness was 2.34 
kPa 6 0.19.
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(SPSS, Chicago, Ill). A P value less than 
.05 was considered to indicate a sig-
nificant difference. When the Bonfer-
roni correction was used to adjust for 
multiple comparisons, the P value was 
divided by the number of comparisons.

Results

Liver Histologic Findings
The mean biopsy length was 14 mm 6 
7 (range, 4–26 mm). There was good 
agreement between the two indepen-
dent pathologists with regard to fibrosis 
stage (k = 0.76; 95% confidence inter-
val [CI]: 0.62, 0.90) and inflammatory 
activity grade (k = 0.74; 95% CI: 0.60, 
0.88). Pathologists were initially in dis-
agreement over 20 cases (17.7%) with 
regard to METAVIR fibrosis stage and 
for 21 cases (18.6%) with regard to 
necroinflammatory activity. The me-
dian time between hepatic biopsy and 
MR imaging was 23 days (range, 1–57 
days).

Seventy-three patients (64.6%) 
had mild to no hepatic fibrosis 
(F1), 40 (35.4%) had substantial 
fibrosis (F2), 95 (84.1%) had non-
advanced hepatic fibrosis (F2), 
and 18 (15.9%) had advanced fi-
brosis or cirrhosis (F3, Table 1).  
The median hepatic fat content was 
3.6% (range, 0%–47.80%; IQR, 
1.85%–7.10%). A significant moderate 

necroinflammation grade (A2–A3 vs 
A0–A1). The Bayes theorem was used 
in the calculations by using the estimate 
of prevalence based on the database at 
our hospital with biopsy results for 1752 
patients with HBV. The prevalence for 
F1, F2, F3, and F4 was 75.20%, 
57.80%, 41.80%, and 21.50% and 
for A1, A2, and A3 was 73.20%, 
45.50%, and 14.60%, respectively.

Multiple linear regression with 
stepwise selection of variables was per-
formed to evaluate the relationship of 
log stiffness and possible variables (fi-
brosis stage, necroinflammation grade, 
steatosis, sex, age, BMI, ALT, AST, and 
AST/ALT ratio) by showing a significant 
association in the univariate analysis 
(the relationship between variables [fi-
brosis stage, necroinflammation grade, 
age, AST, and AST/ALT ratio] with 
stiffness measures was described by us-
ing Pearson correlation coefficients and 
the t test [sex] or for comparison with 
earlier work).

Considering both the distribution 
of stiffness according to fibrosis and 
inflammation and the small number of 
subjects in each subgroup, the subjects 
with stage F3 and F4 fibrosis were fur-
ther grouped together into the advanced 
fibrosis stage, and the A0–1/A2–3 sub-
jects were grouped within each fibrotic 
stage, resulting in eight different path-
ologic groups: F0/A0–1, F0/A2–3, F1/
A0–1, F1/A2–3, F2/A0–1, F2/A2–3, 
F3–4/A0–1, and F3–4/A2–3. One-way 
analysis of variance followed by the 
Bonferroni post hoc comparison test 
was performed to compare the means 
among these pathologic groups and be-
tween each pairwise group (after testing 
for normality with the Shapiro-Wilk test 
and testing for homogeneity of variance 
with the Levene test). Mann-Whitney 
U tests were used to compare the dif-
ferences in ALT and AST between each 
pairwise pathologic group (Bonferroni 
correction, P , .0018 [0.05/28)]) and 
the age and BMI of men and women (P 
, .05), since these data were not nor-
mally distributed.

All analyses were performed with 
Medcalc Version 7.4.2.0 statistical soft-
ware (Medcalc Software, Mariakerke, 
Belgium) and SPSS Version 16.0 J 

activity (A1), moderate activity (A2), 
and severe activity (A3).

Statistical Analysis
The stiffness values of the two indepen-
dent measurements (the reader and the 
automated algorithm) were compared 
with both the Bland-Altman method 
(39,40) and the intraclass correlation 
coefficient. Agreement between the 
two pathologists was assessed with lin-
early weighted k statistics for categor-
ical variables. The level of agreement 
was defined as follows: k = 0–0.20, 
poor agreement; k = 0.21–0.40, fair 
agreement; k = 0.41–0.60, moder-
ate agreement; k = 0.61–0.80, good 
agreement; and k = 0.81–1.00, very 
good agreement (41). After calculating 
the k values, any case in which the final 
fibrosis or inflammation grade differed 
between the two pathologists was re-
evaluated and scored simultaneously by 
using a multipipe microscope to reach 
a consensus decision, or it was resolved 
in the presence of another senior pa-
thologist (a nonauthor with 20 years of 
experience in hepatic pathology). The 
Spearman rank correlation coefficient 
was used to show the correlation be-
tween histologic scores and ALT, AST, 
AST/ALT ratio, and hepatic steatosis.

A receiver operating characteristic 
(ROC) curve analysis was used to evalu-
ate the diagnostic performance of stiff-
ness for fibrosis stage and necroinflam-
mation grade by using the METAVIR 
scoring system as a reference standard, 
according to hepatic biopsy results. 
The area under the ROC curve (AUC) 
was used to evaluate the following 
classifications: F0 versus F1–F4 (stage 
F1), F0 and F1 versus F2–F4 (stage 
F2), F0–F2 versus F3 and F4 (stage 
F3), F0–F3 versus F4 (stage F4), A0 
versus A1–A3 (grade A1), A0 and A1 
versus A2 (grade A2), and A3 activ-
ity (grade A3). Sensitivity, specificity, 
negative predictive value, and positive 
predictive value were calculated for 
the best stiffness threshold (as deter-
mined with the Youden index) to dis-
tinguish between different pathologic 
stages (42,43). Additionally, the AUC 
for prediction of fibrosis stage was fur-
ther calculated according to different 

Table 1

Distribution of Various Stages 
of Fibrosis and Grades of 
Necroinflammatory Activity 
according to the METAVIR  
Scoring System

Fibrosis Stage

Necroinflammatory  
Activity

A0 A1 A2 A3 Total

F0 8 22 13 0 43
F1 5 7 14 4 30
F2 0 9 6 7 22
F3 0 6 4 4 14
F4 0 0 1 3 4
 Total 13 44 38 18 113

Note.—Data are number of patients.
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with both fibrosis stage (r = 0.464, P , 
.01) and necroinflammation grade (r = 
0.217, P , .05).

Interobserver Agreement between 
Automated Algorithm and Reader
There was no significant difference be-
tween the measurements reported by 
the automated algorithm and the reader 
according to the intraclass correlation 
coefficient and the Bland-Altman test. 
Excellent agreement was seen with 
the intraclass correlation coefficient, 
equal to 0.996 (95% CI: 0.991, 0.998). 
No proportional bias or fixed bias was 
found for the two measurements; the 
mean bias was 1.2%, and the 95% 
limits of agreement were 25.9% and 
8.3% (Fig 3).

Hepatic Stiffness in Patients
Since the hepatic stiffness has a left-
skewed distribution, the hepatic stiff-
ness values within each group were re-
ported as median values and IQR (Fig 4).  
The distribution of stiffness according 
to fibrosis stages and pathologic groups 
is shown in Table 2. After a natural log 
transform, the hepatic stiffness was 
distributed normally (P = .089), and 
the variances were equal in these eight 
pathologic groups (P = .147).

ROC Analyses and Diagnostic 
Performance for Predicting Fibrosis 
Stages and Necroinflammation Grades
The AUC values, optimal cutoff values, 
and respective diagnostic performance 
for hepatic stiffness are shown in  
Tables 3 and 4. The AUC shows that 
MR elastography has a high accuracy 
for diagnosis of fibrosis in all groups 
(values in all areas are higher than 0.9) 
and has a moderate diagnostic accuracy 
(areas between 0.8 and 0.9) for inflam-
mation, as shown in Figure 5. All of 
the diagnostic performance measures 
for fibrosis are higher than 0.85, ex-
cept for the negative predictive value 
for prediction of F1 fibrosis (0.677), 
with 3.61 kPa as the cutoff stiffness 
value. In patients with A0–A1, the op-
timal stiffness cutoffs for F1, F2, 
and F3 were 3.05 kPa, 3.88 kPa, and 
4.73 kPa, respectively; in patients with 
A2–A3, the optimal stiffness cutoffs 

and ALT or AST (r = 0.248 and 0.359, 
respectively [P , .01]; Spearman cor-
relation test) and between AST and fi-
brosis stage (r = 0.270, P , .01). AST/
ALT ratio was also positively correlated 

correlation was observed between the 
fibrosis stage and necroinflammation 
grade (r = 0.423, P , .001). A signif-
icant weak correlation was observed 
between the necroinflammation grade 

Figure 3

Figure 3: Bland-Altman plot used to compare the stiffness measurements 
from the reader and the automated algorithm. The 95% confidence limits of the 
bias are shown as two dotted lines. SD = standard deviation.

Figure 4

Figure 4: Box and whisker plot depicts hepatic stiffness according to fibrosis 
stage and necroinflammation grade. The boxes indicate the lower and upper 
quartiles for each group, and the dark horizontal line in the middle of the box is 
the median (50%) percentile. The whiskers are the lowest and highest values in 
distribution.
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hepatic steatosis were then excluded 
from the multiple linear regression 
analysis. Although patient sex showed 
no difference in stiffness (P = .719) ac-
cording to the t test, it was still chosen 
to be a covariate because of previous 
studies (44,45). Multiple linear regres-
sion analysis showed that AST, AST/
ALT ratio, and age could be excluded 

in fibrosis, necroinflammation, age, 
AST, and AST/ALT ratio (r = 0.914, 
0.612, 0.212, 0.279, and 0.416, re-
spectively; P , .05). No correlation 
was found between log-transformed 
hepatic stiffness and BMI, ALT, or he-
patic steatosis (r = 0.016 [P = .866], 
0.015 [P = 0.878], and 20.058 [P = 
0.532], respectively). BMI, ALT, and 

for F1, F2, F3, and F4 were 3.93 
kPa, 4.31 kPa, 5.45 kPa, and 6.87 kPa, 
respectively.

Influence of Necroinflammation Grade on 
Hepatic Stiffness
According to univariate analysis, the 
log-transformed hepatic stiffness in-
creased significantly with an increase 

Table 2

Liver Histologic Findings and Corresponding Hepatic Stiffness Measured with MR Elastography

Fibrosis Stage Median Hepatic Stiffness (kPa) Necroinflammation Grade Pathologic Group No. of Patients Median Hepatic Stiffness (kPa)

No fibrosis (F0) 2.66 (2.38, 3.32) Mild (A0–1); severe (A2–3) F0/A0–1; F0/A2–3 30; 13 2.51 (2.34, 2.66); 3.56 (3.38, 3.72)
Mild fibrosis (F1) 3.87 (3.71, 4.12) Mild (A0–1); severe (A2–3) F1/A0–1; F1/A2–3 12; 18 3.76 (3.60, 3.85); 4.05 (3.82, 4.22)
Moderate fibrosis (F2) 4.63 (4.26, 4.93) Mild (A0–1); severe (A2–3) F2/A0–1; F2/A2–3 9; 13 4.26 (4.08, 4.54); 4.85 (4.57, 5.27)
Advanced fibrosis (F3–4) 6.51 (5.78, 6.93) Mild (A0–1); severe (A2–3) F3–4/A0–1; F3–4/A2–3 6; 12 5.82 (5.58, 6.33); 6.80 (6.29, 7.48)

Note.—Data in parentheses are the 25th to 75th IQR percentiles.

Table 3

Performance of Mean Hepatic Stiffness Measurements for the Prediction of METAVIR Fibrosis Stages according to Cutoff Values

Parameter* F1 F2 F3 F4

Cutoff stiffness (kPa) 3.61 4.07 5.45 6.87
AUC 0.961 (0.907, 0.989) 0.986 (0.944, 0.999) 1.000 (0.968, 1.000) 0.998 (0.963, 1.000)
Sensitivity 0.857 [60/70] (0.753, 0.929) 0.950 [38/40] (0.831, 0.994) 1.000 [18/18] (0.815, 1.000) 1.000 [4/4] (0.398, 1.000)
Specificity 0.907 [39/43] (0.779, 0.974) 0.945 [69/73] (0.866, 0.985) 1.000 [95/95] (0.962, 1.000) 0 991 [108/109] (0.950, 

1.000)
Positive predictive value 0.965 (0.912, 0.991) 0.959 (0.896, 0.989) 1.000 (0.939, 1.000) 0.968 (0.685, 1.000)
Negative predictive value 0.677 (0.511, 0.819) 0.932 (0.789, 0.992) 1.000 (0.879, 1.000) 1.000 (0.852, 1.000)
Positive likelihood ratio 9.21 (8.00, 10.50) 17.30 (15.80, 19.00) … 109.0 (107.0, 111.0)
Negative likelihood ratio 0.160 (0.05, 0.50) 0.050 (0.01, 0.30) 0.0 0.0

Note.—Numbers in parentheses indicate 95% CIs of the value. Numbers in brackets are raw data. P , .001 for all comparisons.

* For calculation of positive and negative predictive values, the prevalence for F1, F2, F3, and F4 was 75.20%, 57.80%, 41.80%, and 21.50%, respectively.

Table 4

Performance of Mean Stiffness for the Prediction of METAVIR Inflammatory Grades according to Cutoff Values

Parameter* A1 A2 A3

Cutoff stiffness (kPa) 3.53 3.24 4.16
AUC 0.806 (0.720, 0.875) 0.799 (0.714, 0.869) 0.900 (0.830, 0.949)
Sensitivity 0.680 [68/100] (0.579, 0.770) 0.982 [55/56] (0.904, 1.000) 0.947 [18/19] (0.740, 0.999)
Specificity 0.846 [11/13] (0.546, 0.981) 0.561 [32/57] (0.424, 0.693) 0.766 [72/94] (0.677, 0.847)
Positive predictive value 0.923 (0.777, 0.991) 0.631 (0.567, 0.731) 0.409 (0.283, 0.528)
Negative predictive value 0.492 (0.322, 0.610) 0.972 (0.841, 1.000) 0.988 (0.939, 1.000)
Positive likelihood ratio 4.42 (3.40, 5.80) 2.24 (1.80, 2.80) 4.05 (3.50, 4.70)
Negative likelihood ratio 0.38 (0.100, 1.40) 0.032 (0.004, 0.20) 0.069 (0.010, 0.50)

Note.—Numbers in parentheses indicate 95% CIs of the value. Numbers in brackets are raw data. P , .001 for all comparisons.

* For calculation of positive and negative predictive values, the prevalence for A1, A2, and A3 was 73.20%, 45.50%, and 14.60%, respectively.
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as influences on the stiffness measure-
ment, as approximately 89.9% of the 
total variability in hepatic stiffness 
values could be explained by three 
variables in this model (adjusted R2 
= 0.899, F = 333.001, P , .001). Fi-
brosis stage, necroinflammation grade, 
and patient sex were the independent 
factors that contributed to hepatic 
stiffness (b = 0.799 [P , .001], 0.277 
[P , .001], and 0.070 [P = .033], 
respectively).

Hepatic parenchyma with moderate 
to severe chronic hepatitis and without 
fibrosis (F0/A2–3) had a higher stiff-
ness than that of tissue with mild to 

Figure 5

Figure 5: Forest plot shows pooled AUC values for MR elastography with 95% CIs (whiskers) 
for the prediction of hepatic fibrosis (grades F1, F2, F3, and F4) and necroinflammatory 
grade (grades A1, A2, and A3).

Table 5

Summary of the Pairwise Comparisons Analysis of Log-transformed Hepatic Stiffness  
between Pathologic Stages by Using the Bonferroni Post Hoc Multiple  
Comparisons Test

Comparison F0/A0–1 F0/A2–3 F1/A0–1 F1/A2–3 F2/A0–1 F2/A2–3 F3–4/A0–1

F0/A2–3 ,.001 ... ... ... ... ... ...
F1/A0–1 ,.001 ..99* ... ... ... ... ...
F1/A2–3 ,.001 .048 .045 ... ... ... ...
F2/A0–1 ,.001 ,.001 ,.001 .486* ... ... ...
F2/A2–3 ,.001 ,.001 ,.001 ,.001 .056* ... ...
F3–4/A0–1 ,.001 ,.001 ,.001 ,.001 ,.001 ,.001 ...
F3–4/A2–3 ,.001 ,.001 ,.001 ,.001 ,.001 .001 .069*

* Log-transformed hepatic stiffness differences were found among all paired groups, except for group F0/A2–3 and F1/A0–1, 
group F1/A2–3 and F2/A0–1, group F2/A2–3 and F2/A0–1, and group F3/A0–1 and F3/A2–3.

no inflammation and no fibrosis (F0/
A0–1) (P , .001, Table 5) but had a 
stiffness similar to that of tissue, with 
mild fibrosis and mild to no inflamma-
tion (F1/A0–1) (P . .99). Likewise, 
livers with mild fibrosis and moderate 
to severe inflammation (F1/A2–3) had 
higher stiffness than tissue with mild fi-
brosis and mild to no inflammation (F1/
A0–1, P = .045) but had stiffness simi-
lar to tissue with moderate fibrosis and 
mild to no inflammation (F2/A0–1, P = 
.486). However, the ALT and AST failed 
to show any statistical differences be-
tween adjacent pathologic groups (ALT, 
P = .008–.826; AST, all P . .0018).

Discussion

In this study, we used an automated 
stiffness measurement algorithm that 
can provide results comparable to those 
obtained by a trained reader of MR 
elastography data. The AUC showed 
that MR elastography had a high ac-
curacy for diagnosis of fibrosis in all 
groups (AUC . 0.9). Multiple linear 
regression analysis showed that fibrosis 
stage, necroinflammation grade, and 
patient sex were independent factors 
that contributed to hepatic stiffness (b 
= 0.799, 0.277, and 0.070, respectively; 
P , .05). MR elastography cannot be 
used to distinguish between the stiff-
ness of hepatic parenchyma with F0/
A2–3 versus F1/A0–1 and F1/A2–3 
versus F2/A0–1 classifications (P . .99 
and 0.486, respectively), indicating that 
chronic hepatitis might be a confound-
ing factor that causes an overestimation 
of true fibrosis stage in patients with 
F2 fibrosis.

Consistent with the meta-analysis 
from a previous study of MR elastog-
raphy that showed AUCs of 0.95, 0.98, 
0.98, and 0.99 for prediction of F1, 
F2, F3, and F4 fibrosis stages 
(46), respectively, MR elastography in 
our study had a similarly high diagnostic 
accuracy for hepatic fibrosis in chronic 
HBV infection. MR elastography has 
previously been shown to have good di-
agnostic performance with regard to fi-
brosis staging in a Caucasian population 
with chronic HCV infection. We have 
now confirmed that it is also a good tool 
for Asian patients with chronic HBV in-
fection. These results are in agreement 
with several smaller prior studies in 
Asian populations (26,27,47,48). The 
AUC for distinguishing the absence of fi-
brosis (F0) from fibrosis (F1–F4) in our 
study was 0.961, which is slightly lower 
than that in two of the other studies 
(0.98–0.99) (26,27). The cutoff value is 
3.61 kPa, which is higher than that in 
other studies (2.40–2.93 kPa) (19–21). 
This high cutoff has a lower negative 
predictive value (0.677), indicating that 
the test would have a greater chance to 
cause misclassification of a case of F1 
as being F0. In our study, the patho-
logic data were not distributed evenly, 
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In conclusion, we showed that the 
diagnostic performance of MR elastog-
raphy is promising for use in clinical 
practice to evaluate fibrosis and cirrho-
sis in Asian patients with chronic HBV 
infection, although dual cutoff values 
or different cutoff values in patients 
with advanced inflammation might 
be needed on the basis of pathologic 
necroinflammation grade obtained from 
hepatic biopsy instead of these serum 
markers. Both hepatic fibrosis and 
necroinflammation are independent 
factors that affect hepatic stiffness. For 
the diagnosis of nonadvanced fibrosis 
(F  2), inflammation should be taken 
into account as a confounding factor 
that increases hepatic stiffness, poten-
tially causing overestimation of the real 
fibrosis stage.
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