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Abstract
Objective To investigate the utility of apparent diffusion
coefficient (ADC) measurement in the diagnosis of chronic
viral hepatitis (CVH) and correlation between ADC values
and histopathologic severity of CVH.
Materials and methods The ADC values of liver parenchy-
ma on diffusion-weighted magnetic resonance imaging
(DWMRI) were measured in 50 patients with a history of
CVH and 51 healthy subjects at b 100, b 600 and b 1,000
gradients. Comparison between mean ADC values of the
CVH and control groups and correlation results between
ADC values and necroinflammation and fibrosis scores in
CVH were obtained.
Results Mean ADC values of CVH patients were signifi-
cantly lower than mean ADC values of the control group at
b 100 and b 600 gradients (P<0.05). There was no signif-
icant difference between the CVH and control groups at the
b 1,000 gradient (P>0.05). No significant correlation was
found between ADC values and histopathologic scores of
CVH (P>0.05).
Conclusion ADC values obtained at the b 100 and b 600
gradients can be used to distinguish between the liver pa-
renchyma of CVH and healthy subjects. ADC measurement

was not found to be useful for estimation of the degree of
necroinflammation and fibrosis in CVH.
Teaching Points
• In chronic viral hepatitis apparent coefficient values are
decreased in the liver

• There is no correlation between ADC values and histo-
pathologic severity of CVH

• DW images obtained at low b values have more ability to
demonstrate an ADC decrease in viral hepatitis

Keywords Chronic viral hepatitis . Fibrosis . Diffusion-
weightedMRI . ADCmeasurements

Introduction

Chronic viral hepatitis (CVH) is one of the most common
causes of hepatic fibrosis, cirrhosis, portal hypertension and
hepatocellular carcinoma [1]. Early detection of parenchymal
fibrosis has important clinical implications for CVH since
antiviral treatment can increase patient survival and reduce
the need for liver transplantation [2, 3]. A liver biopsy is the
gold standard method for assessing changes in the parenchy-
ma in CVH. However, it is associated with a risk of compli-
cations and may result in death in 0.018 % of patients [4].
Determination of the severity of CVHby noninvasive imaging
is a major topic discussed in studies of liver imaging [5].
Diffusion-weighted magnetic resonance imaging (DWMRI)
is a functional MRI technique that takes advantage of the
diffusion properties of water molecules in biological tissues.
The microscopic movement of water molecules in biological
tissues can be measured by apparent diffusion coefficient
(ADC) values derived from DWMRI. The ADC values were
reported to be inversely related to the degree of severity of
CVH [6, 7].

The histopathological features of CVH consist of
necroinflammation and fibrosis, which represent the activity
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and stage of the disease, respectively. The severity of
necroinflammation and fibrosis can be assessed by histo-
pathological scoring methods. The correlations between
ADC values of different diffusion gradients (low, interme-
diate or high level) and the subtypes of histopathological
scores (necroinflammation and fibrosis) have not been def-
initely determined [7–9].

In this study, the aim was to investigate the utility of the
ADC measurement at low (b 100), intermediate (b 600) and
high (b 1,000) levels of diffusion gradients in estimating the
histopathological severity of CVH. In order to perform this
study, we determined the correlations between the ADC
values and the histopathological scores of liver
necroinflammation and fibrosis in patients with CVH.

Materials and methods

Study group

This prospective study was performed between June 2009
and May 2010. Fifty patients (23 female, 27 male; mean
age: 44.46, age range: 21–69) with a history of CVH (32
hepatitis B and 18 hepatitis C) underwent DWMRI prior
to and on the same day of a liver parenchyma biopsy,
and these subjects formed the CVH group. Fifty-one
patients without a history of liver disease (25 female,
26 male; mean age: 42.24, age range: 18–74) who had
undergone conventional and DWMRI for reasons other
than liver disease at the time of this study were assigned
to the control group. Subjects who had previously
unrecognised, suspicious focal liver lesions (n: 6) were
excluded from the CVH group. Control subjects with a
diffuse/focal signal decrease (n: 4) due to steatosis and/or
iron deposition on T1-weighted out-of-phase and T2-
weighted images, respectively, were excluded from the
control group. The study protocol was approved by the
institutional review board and informed consent was
obtained from all participants.

MRI protocol

MRI examinations were performed with the Signa Ex-
cite 1.5 T system (GE Healthcare, Milwaukee, WI,
USA) with a four-channel torso body coil. The DW
images were acquired with b 100 (0–100), b 600 (0–600)
and b 1,000 (0–1,000) s/mm2 gradients. Before DWI was
conducted, breath hold, axial 3D gradient-echo T1-weighted
sequence, 2D gradient-echo T1 in-phase and out-phase, axial
respiratory-triggered turbo spin-echo T2-weighted sequence
with fat saturation images were obtained. All DWIs
were acquired in the transverse plane using single-shot

echo-planar spin echo sequences obtained when the
subject was breathing normally. The parameters of the
DWMRI were as follows: TR: 8,000 ms; TE: 80 ms;
FOV: 30 cm×30 cm; number of excitations: 2; matrix size:
128×128; section thickness: 5 mm; slice number: 72; inter-
section gap: none; acquisition time (3 gradients): 96 s. The
array spatial sensitivity encoding technique (ASSET) was
used as the parallel imaging technique with a factor of 2.
Diffusion-sensitising gradients were applied in three orthogo-
nal directions: frequency-encoding (x), phase-encoding (y)
and section-select (z).

Analysis of images

ADC measurements were performed on colour-coded
ADC maps automatically after calculating the diffusion
difference between each gradient (b 100, 600 and 1,000)
and the b 0 gradient. The ADC values of the liver
parenchyma were obtained in patients with CVH and
in the control group by taking measurements in three
equally sized, circular regions of interest (ROIs) in
segment 6 of the right lobe of the liver at b 100, b
600 and b 1,000 gradients using specialised software
(OsiriX Medical Imaging Software, Atlanta, GA,
USA). The radiologist who measured the ADC values
was blinded to the histopathologic results and clinical
histories of the patients. The ROIs were placed on one
slice/location on the DW images and then were inserted
onto the corresponding location on the ADC map using
the copy and paste function. The size of the ROIs in all
patients was equal and was set at 1 cm2. The ROI was
placed far away from visible vascular structures and at
least 1 cm away from the Glissonian capsule. The ROIs
were manually and carefully positioned to be in the
same region in the three corresponding DW images
performed at different b factors. The final ADC for
each subject that was used for statistical analysis was
the average of the three ADC values obtained from the
right lobe of the liver.

Histopathological analysis

Biopsy specimens were obtained from the parenchyma
of segment 6 in the right lobe of the liver with an 18-
gauge core biopsy needle (Bard MaxCore Disposable
Core Biopsy Instrument, Tempe, AZ, USA) under ultra-
sound guidance. The mean length of the specimens was
21.2 mm. The number of specimens obtained from the
patients ranged from 1 to 3. The specimens were fixed
in formalin and stained with hematoxylin–eosin, a stain
for reticulin, and a Masson trichrome stain. The stage of
liver fibrosis and the grade of the inflammatory changes
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were determined by two experienced pathologists using
the Ishak scoring method. The pathologists were blinded
to the MRI results and serologic tests. The subcategories
of necroinflammation (which represented the activity of
the disease) with the corresponding range of scores
based on the Ishak method were as follows: periportal
hepatitis (piecemeal necrosis) (score range: 0–4), con-
fluent necrosis (score range: 0–6), focal necrosis (score
range: 0–4) and portal inflammation (score range: 0–4).
The severity of liver fibrosis (which represented the
stage of the disease) ranged from 1 to 5 using the Ishak
fibrosis scoring method.

Statistical analysis

All ADC values were defined as mean ± SD. The mean
ADC values of the b 100, b 600 and b 1,000 diffusion
gradients were calculated. Comparisons between the
mean ADC values of the CVH and control groups at
the b 100, b 600 and b 1,000 gradients were performed
using unpaired Student t tests. The correlations between
the ADC values of the three diffusion gradients and the
Ishak scores of necroinflammation and fibrosis were
determined using Pearson’s correlation test. Statistical
analysis was performed using Prism 5.0 software
(Graphpad software, Inc., San Diego, CA, USA). The
differences in the ADC values were considered to be
statistically significant when the P value was<0.05.

Results

There was no significant difference in the mean age of
the CVH group (44.46±13.19) and the control group
(42.24±12.44) (P>0.05). The ADC values of the liver
parenchyma in the CVH and control group ranged from
0.36–4.16 mm2/s and 0.76–5.60 mm2/s, respectively
(Fig. 1). The mean ADC values of the CVH group were
significantly lower than the mean ADC values of the
control group at the b 100 (P<0.0001) and b 600
gradients (P=0.043) (Table 1) (Figs. 1 and 2). There
was no significant difference between the mean ADC
values of the patients in the CVH and the control group
at the b 1,000 gradient (P=0.52) (Table 1) (Fig. 3).

Fig. 1 Boxplot graphic demonstrates ADC values of patients in the
CVH and control group at b 100, b 600 and b 1,000 gradients

Table 1 Mean ADC values (× 10 −3 mm2/s) of liver parenchyma in
the CVH and control group and at b 100, b 600 and b 1,000 gradients

Patients b 100 b 600 b 1,000

CVH 3.35±0.85 1.50±0.67 0.95±0.24

Control group 4.80±0.50 1.71±0.21 0.99±0.32

Statistical significance P<0.0001 P=0.043 P=0.52

Fig. 2 ADC measurements at the b 100 gradient. Mean ADC value of
liver parenchyma in a patient with CVH (3.43×10 −3 mm2/s) (a) was
significantly lower than the mean ADC value (4.79×10 −3 mm2/s) of a
patient in the control group (b)
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The necroinflammation and fibrosis scores of liver
biopsy specimens ranged from 4–16 and 1–5, respective-
ly. Table 2 lists the subcategories of necroinflammation
and the corresponding number and mean ADC value of
the patients. Table 3 lists the fibrosis scores and the
corresponding number and mean ADC values of the
patients. There was no significant correlation found be-
tween the ADC values of the b 100, b 600 and b 1,000
gradients and the Ishak scores of necroinflammation and
fibrosis (Table 4).

Discussion

Chronic viral hepatitis is one of the major causes of
liver failure. A patient’s rate of progression to fibrosis

determines the prognosis and the need for treatment [6].
The main pathophysiological mechanisms of the devel-
opment and progression of parenchymal changes in
CVH are inflammatory cell infiltration, necrosis, fibrosis
and decreased perfusion of liver parenchyma [10]. Early
diagnosis of CVH is essential to prevent or delay end-
stage chronic parenchymal liver disease. Ultrasound
elastography, diffusion-weighted and perfusion-weighted
MRI, MR elastography, chemical shift-based fat-water
separation and MR spectroscopy are widely used imag-
ing techniques for the assessment of chronic liver dis-
ease [5]. One proposed, noninvasive tool for the
assessment of the severity of CVH is ADC measure-
ment on DWMRI.

The ADC value in biological tissues represents water
proton motion, which is mainly determined by both the

Fig. 3 ADC measurement at b
1,000 gradient. Mean ADC
value of liver parenchyma
(0.95×10 −3 mm2/s) (a) is not
significantly lower than in
patients in the control group
(0.99×10 −3 mm2/s) (b)
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true water diffusion and capillary perfusion. Low diffu-
sion gradients yield high ADC values in comparison to
high diffusion gradients [11]. The ADC values at low
diffusion gradients represent not only the diffusion, but
also the perfusion properties of tissues. The ADC values
at high gradients represent only molecular diffusion and
tend to be much lower than ADC values obtained at
low diffusion gradients. In previous studies, lower ADC
values were obtained in the liver parenchyma of patients
with CVH compared to healthy subjects [6, 7, 9]. The
underlying reason for the decreased ADC values in
CVH remains controversial. Decreased ADC values
may be the result of decreased diffusion of water mol-
ecules secondary to increased connective tissue in the
liver, constricted sinusoids and decreased blood flow
[12]. Diminished liver perfusion in patients with CVH
and cirrhosis has been detected using MR perfusion
studies [13]. Decreased perfusion of the liver has been
suggested to be the primary reason for the apparent

decrease in diffusion. An animal study revealed that rats
with hepatic fibrosis had reduced ADC values in vivo
but not when DWI was performed ex vivo [14]. Simi-
larly, in a study conducted with cirrhotic live dogs, the
ADC values of the cirrhotic lobes were lower than in
the normal lobes; however, the differences between
lobes in the ADC values disappeared after portal vein
clamping [15]. In addition, a study by Luciani et al.
suggested that the restricted diffusion observed in pa-
tients with cirrhosis reflects diminished capillary perfu-
sion and, to a much lesser extent, decreased pure
molecular diffusion [16]. Since lower b values are more
sensitive to the effects of perfusion than higher diffu-
sion gradients, it has been suggested that they are of
more use in determining the hepatic fibrosis stage [7].
In our study, we found significant differences between
the mean ADC values in CVH patients and healthy
subjects only at the b 100 and b 600 gradients. It is
likely that the difference in the liver perfusion between
healthy subjects and CVH patients led to the significant
difference in the ADC values of two groups at the b
100 and b 600 gradients in our study. The mean ADC
value of the CVH at the b 1,000 gradient was lower
than the control group but there was no significant
difference. We suggest that the lack of a significant
difference in the ADC values at the b 1,000 gradient
in the CVH and control group is due to the fact that the
ADC measurement at the b 1,000 gradient is not affect-
ed by perfusion. This result is in concordance with
previous studies, which also emphasise the importance
of decreased perfusion in CVH [14].

The histopathologic evaluation of CVH consists of
scoring necroinflammation and fibrosis in the liver pa-
renchyma. The Ishak method was reported to be a
useful tool for performing pathological research and
for helping the pathologist to take note of all aspects
of viral injury including periportal hepatitis, confluent
necrosis, focal lytic necrosis, portal inflammation and
fibrosis [10]. Different results have been obtained in
previous studies regarding the correlation between
ADC values and necroinflammatory activity or fibrosis
scores [7, 9]. In the earlier studies, the ADC values
obtained at low diffusion gradients (b<250 s/mm2) were
found to be negatively correlated with fibrosis scores
but not with necroinflammation scores [7, 8]. Later stud-
ies found that there was a negative correlation between ADC
values at both low and high diffusion gradients and
necroinflammation scores [9, 12]. These studies also
suggested that in addition to fibrosis, the ADC values might
reflect the intensity of inflammation or necrosis and decrease
when there were alterations in tissue structure [9, 12]. How-
ever, Boulanger et al. used DWI at b values of 50–250 s/mm2

to examine 18 hepatitis C virus patients and 10 control

Table 2 Distribution of mean ADC values at b 100, b 600 and b 1,000
gradients among necroinflammation scores of CVH

Necroinflammation
score

Number
of patients

b 100 b 600 b 1,000

4 2 3.43 1.42 1.12

5 4 3.23 1.30 0.91

6 2 3.20 1.49 1.07

7 5 3.15 1.24 1.03

8 4 3.14 1.26 0.90

9 4 3.20 1.19 0.75

10 8 2.86 1.27 0.98

11 7 2.90 1.16 0.91

12 7 2.67 1.13 0.84

13 5 2.33 1.15 0.93

14 1 2.50 1.18 0.88

15 0 – – –

16 1 2.47 0.94 0.87

17 0 – – –

18 0 – – –

Table 3 Distribution of mean ADC values at b 100, b 600 and b 1,000
gradients among fibrosis scores of CVH

Fibrosis score No. of patients b 100 b 600 b 1,000

1 6 3.15 1.34 1.01

2 22 3.15 1.27 0.92

3 11 2.94 1.30 0.98

4 6 2.87 1.28 0.90

5 5 2.90 1.20 0.85
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subjects and found no significant correlation between the
ADC values and the inflammation or fibrosis scores [8].
Similarly, Soylu et al. calculated the ADC values using mea-
surements from four segments of liver lobes at b values of 0,
500 and 1,000 s/mm2 and did not find any correlation between
the ADC values and liver fibrosis scores at the b 500 and b
1,000 diffusion gradients [17]. In our study, we used b 100, b
600 and b 1,000 gradients representing low, intermediate and
high level diffusion gradients, respectively, in order to deter-
mine which gradient would be most effective in obtaining a
correlation between ADC values and histopathological scores
of CVH. It was found that the ADC values obtained at the b
100, b 600 and b 1,000 gradients were not significantly
correlated with necroinflammation and fibrosis scores
(Table 4). In general, the ADC values decreased as the
necroinflammation and fibrosis scores increased, but this re-
lationship was not statistically significant. Also, when the
ADC values of each necroinflammatory and fibrosis score
were assessed, it was found that there were overlapping
ADC values, which is a finding reported in other studies as
well [18]. Thus, our study suggests that ADCmeasurements at
low, intermediate and high diffusion gradients cannot be used
to evaluate the severity of CVH as reliably as the histopatho-
logical scores.

The present study has several limitations. First, al-
though the ROIs were carefully positioned to be in the
same region between two corresponding images, possi-
ble differences in the ROI position may have a slight
effect on the ADC values. Second, the location of the
ROIs used to calculate the ADC value were not the
same as the areas selected for liver biopsy. To overcome
this limitation we intended to measure ADC values in
segment 6 of the right liver lobe where the biopsy
specimens were obtained. In this study, we preferred
to use b values of 0, 100, 600 and 1,000 and measured
the ADC values at the diffusion strengths between b
0–100, b 0–600 and b 0–1,000. Measurement of ADC
values by using multiple b values in different combina-
tions increases the diagnostic accuracy of ADC values
in biological tissues [19]. The ADC measurement at the

diffusion gradients between b 100–600, b 100–1,000
and b 600–1,000 would be more helpful to understand
the utility of ADC values in differentiation between
CVH and normal liver parenchyma in our study. Mea-
surement of ADC values with monoexponential function
is another limitation of our study. The monoexponential
method is a simple method of ADC measurement and
widely available on most MRI scanners; however, it is
influenced by micropapillary perfusion. The signal attenua-
tion of body tissues on DWMRI manifests with biexponential
behaviour [20]. Although monoexponential function has been
used for ADC measurements in MRI workstations, the
biexponential method has been widely accepted as a reliable
method, and ADC values obtained with the biexponential
method are more likely to represent diffusion properties of
tissues in comparison to the monoexponential method. We
used the monoexponential method for ADC measurements in
our study since our MRI system workstation reveals ADC
values automatically with the monoexponential function. As a
last limitation, measurement of ADC values at high diffusion
gradients such as the b 1,000 gradient may cause variable
ADC values secondary to decreased signal-to-noise ratios in
these gradients [11].

In conclusion, we found that the ADC values obtained
at the b 100 and b 600 gradients can be used to distin-
guish between the liver parenchyma of CVH patients and
healthy subjects. However, the ADC measurement was
not found to be a useful tool for evaluating the degree of
necroinflammation and fibrosis in CVH. Our findings
support the results of previous studies that suggest that
liver perfusion is a major cause for the decrease in ADC
values in CVH.
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Table 4 Correlation results between ADC values of b 100, b 600 and b 1,000 gradients and Ishak scores of necroinflammation and fibrosis in CVH

b 100 b 600 b 1,000

PC P PC P PC P

Necroinflammation −0.025 0.877 −0.109 0.462 −0.124 0.397

Fibrosis −0.050 0.755 −0.025 0.867 −0.119 0.415

PC Pearson’s correlation

P significance
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