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Abstract: Objective: The study aim was to investigate the clinical application value of diffusion weighted imaging 
(DWI) and dynamic contrast enhanced magnetic resonance imaging (DCE-MRI) in the diagnosis of liver cirrhosis. 
Methods: 40 cases of patients with cirrhosis diagnosed by clinical liver biopsy (17 cases in Child A group, 14 cases 
in Child B group, 9 cases in Child C group), and 25 cases of healthy volunteers were recruited and analyzed by DWI 
and DCE-MRI. Meanwhile, the differences of apparent diffusion coefficient (ADC) values between different groups of 
patients with cirrhosis and healthy volunteers in different b values were also compared. Results: The values of Ktrans, 
Ve and Kep in cirrhosis group were significantly lower than those in control group (P < 0.05). The difference between 
every two groups was statistically significant (P < 0.05). ADC values of Child A, B and C groups decreased with the 
increased degree of cirrhosis under different b values, which were lower than that of the control group. The differ-
ence between every two groups was statistically significant (P < 0.05). Conclusions: DCE-MRI combined with DWI 
provided valuable reference index for the diagnosis of cirrhosis and a new way for the diagnosis and classification 
of liver cirrhosis by MRI.
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Introduction

Hepatitis B cirrhosis is a common liver diffuse 
lesions in clinic, and due to the relatively strong 
liver function, patients has no obvious clinical 
symptoms in the early times; however, in the 
advanced stage, multiple systems were in- 
volved and a variety of serious complications 
occurred [1-3]. The clinical diagnosis of liver 
fibrosis is mainly based on the needle biopsy; it 
is difficult to be accepted by the majority of 
patients for the reason that it has traumatic 
injury, adverse reactions and complications. 
Diffusion weighted imaging (DWI) can be used 
for the detection of water molecule in vivo, and 
it is gradually applied to abdomen, especially to 
researches on liver fibrosis and cirrhosis [3-8]. 

At the same time, dynamic contrast enhanced 
magnetic resonance imaging (DCE-MRI) can 
indirectly reflect the permeability of vascular, 

and detect the hemodynamics of liver and its 
surrounding organs and vascular when imaging, 
which shows favourable potential for clinical 
application [9-11]. In this study, we explored the 
clinical application value of dynamic contrast 
enhanced magnetic resonance imaging (DCE-
MRI) and DWI in the diagnosis of cirrhosis by 
combining DCE-MRI with DWI.

Methods

General data

40 cases of cirrhosis were selected in the 
Affiliated Hospital of Guiyang Medical College 
from January, 2014 to December, 2014, includ-
ing 28 males and 12 females, aged 39-76 years 
old, average age (52.46±10.28) years old. They 
were divided into three group’s by scoring sys-
tem: Child-pugh A (17 cases), Child-pugh B (14 
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cases) and Child-pugh C (9 cases). In addition, 
at the same time, 25 cases of healthy volun-
teers in the same hospital were collected as 
the control group, including 18 males, 7 
females; average age (49.65±8.20) years old. 
All the volunteers had no history of liver dis-
ease, their physical examination, various bio-
chemical examination and imaging examina-
tion were normal, with no long-term history of 
drug use and no history of alcohol. This study 
was conducted in accordance with the declara-
tion of Helsinki. This study was conducted with 
approval from the Ethics Committee of The 
Affiliated Hospital of Guizhou Medical Univer- 
sity. Written informed consent was obtained 
from all participants.

General data

They were divided into three group’s by scoring 
system: Child-pugh A (17 cases), Child-pugh B 
(14 cases) and Child-pugh C (9 cases). In addi-
tion, at the same time, 25 cases of healthy vol-
unteers in the same hospital were collected as 
the control group, including 18 males, 7 
females; average age (49.65±8.20) years old. 
All the volunteers had no history of liver dis-
ease, their physical examination, various bio-
chemical examination and imaging examina-
tion were normal, with no long-term history of 
drug use and no history of alcohol.

Inclusion criteria

1) All cases were confirmed by surgery or liver 
biopsy; 2) according to medical history and clin-
ical manifestations, comprehensive imaging 
diagnosis of patients with cirrhosis did not have 
other liver diseases; 3) all patients were exam-
ined by magnetic resonance imaging, DCE-MRI 
and DWI.

Exclusion criteria

In the course of MRI examination and scanning, 
patients who could not be well matched and 
complete the entire scan sequence because of 
various factors, patients with malignant tumors 
and with no final follow-up results could not be 
included in the final statistics.

DWI and DCE-MRI

1.5T magnetic resonance (Healthcare Optima 
MR360 Applications, GE Co., US) was applied 
to the conventional magnetic resonance imag-

ing of liver. All the inspected were fasting for 
over 4-6 h, hold scanning under quiet breath-
ing, start respiratory gating, supine on the 
examination bed, to meet the head into the 
main magnetic field and let the body around 
the center. The scanning sequences include 
conventional axis T1WI, T2WI, T2WI-fat sat, cor-
onal position FIESTA and axial DWI-EPI; the 
scanning sequences included fast spin echo 
(FSE) T1 weighted imaging, TR 500 ms, TE 13 
ms, field of vision 350 mm×247 mm×160 mm; 
T1 weighted imaging, TR 6000 ms, TE 110 ms, 
field of vision 200 mm×200 mm; imaging at 
axial, sagittal and coronal, matrix 512×512, 
layer thickness 3 mm, layer spacing 0.3 mm. All 
patients underwent dynamic enhanced T1WI 
scanning. Meglumine gadolinium injection for 
acid (Gd-DTPA) was rapidly administrated as a 
bolus by high pressure injector (0.1 ml/kg, 2.5 
ml/s), and dynamic enhanced scanning was 
immediately performed when pushing. The 
arterial phase and portal venous phase were 
scanned two times, 6.4 s for each time, and 
delayed time of scanning for the imaging of 
delayed phase. DWI-EPI sequence scanning 
parameters: TR 3200 ms, TE 84 ms, layer thick-
ness 3 mm, layer spacing 0.3 mm, FOV 400 
mm×400 mm, matrix 256×256. By using a fre-
quency selective fat suppression technique, 
inspiratory-expiratory-breath scanning, hold ti- 
me for 18 s, b value were 0 s/mm2 and 200 s/
mm2, 0 s/mm2 and 400 s/mm2, 0 s/mm2 and 
600 s/mm2, 0 s/mm2 and 800 s/mm2, scan 
time is about 20 s, imaging of the whole liver.

Post processing of data and image

DCE-MRI images were analyzed by Biomap 
software, region of interest (ROI) was selected 
in the abdominal aorta and the liver parenchy-
ma. The area of the liver was selected in the 
right lobe of the liver (168 mm2), ROI of the 
abdominal aorta were continuously selected, 3 
levels of the maximum section of the label in 
abdominal aorta were marked, draw the signal 
intensity-time curve, and then conversed signal 
intensity-time curve into contrast agent con-
centration-time curve through the software. 
According to drug metabolism dynamics model, 
the liver belongs to the double input and single 
compartment model. The arterial input function 
(AIF) and vein input function (VIF) were 
obtained, and the parameters of the vascular 
permeability of normal liver and cirrhosis of dif-
ferent degrees were obtained. The correspond-
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ing quantitative parameters were gained, 
including volume transfer constant Ktrans, extra-
cellular space volume fraction Ve and rate con-
stant Kep. Then the difference of corresponding 
parameters of Child-pugh A, Child-pugh B, 
Child-pugh C between normal liver and that of 
liver cirrhosis was compared.

A double blind method was used to analyze the 
images by two doctors with senior position of 

imaging diagnosis. Signal intensity and ADC val-
ues of DWI and ADC images with different b val-
ues were measured, and DWI signal character-
istics of patients with cirrhosis were observed 
and ADC values were detected. The area select-
ed in the ROI of the lesion or normal tissues, 
ROI was 95 mm2; the ROI of 1-3 layer of right 
lobe of liver were measured, and the average 
value is used as the final measurement data. In 
order to make the measuring values as accu-

Table 1. Comparison of ADC values of control group and groups with cirrhosis (×10-3 mm2/s)
Group N (cases) B = 200 s/mm2 B = 400 s/mm2 B = 600 s/mm2 B = 800 s/mm2

Control group 25 1.81±0.10 1.71±0.09 1.56±0.01 1.42±0.02
Child-pugh A 17 1.73±0.02 1.59±0.02 1.44±0.01 1.33±0.01
Child-pugh B 14 1.70±0.01 1.52±0.01 1.35±0.03 1.23±0.02
Child-pugh C 9 1.65±0.02 1.49±0.01 1.28±0.02 1.19±0.01
F values 314.50 670.51 698.29 520.97
P values < 0.05 < 0.05 < 0.05 < 0.05

Figure 1. DCE-MRI images were analyzed by Biomap software, and ROI of the abdominal aorta were continuously 
selected, 3 levels of the maximum section of the label in abdominal aorta were marked, draw the signal intensity-
time curve.
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rate as possible, the measurement of the bile 
duct, blood vessels and artifacts are avoided 
as far as possible.

Statistical method

SPSS17.0 software was applied for statistical 
analysis, measurement data were displayed by 
mean ± standard (

_
x±s) and the difference 

between Ktrans, Ve and Kep were compared by 
variance analysis. ADC values of each groups 
and normal group were compared by indepen-
dent sample t-test, and P < 0.05 was consid-
ered as statistically significant.

Results

Comparison of ADC value

With different b values, ADC values of Child-
pugh groups and normal control group were 
compared, and the results showed that ADC 
values of Child-pugh groups were significantly 
lower than that of normal control group, the dif-
ference between two groups was statistically 
significant (F = 314.50, 670.51, 698.29, 
520.97, P < 0.05). In addition, the findings indi-
cated that ADC values showed a gradual 
decrease with the severity of cirrhosis by cop-
maring the ADC values of Child-pugh A, B, C 
groups (Table 1; Figure 1).

LSD analysis

After t-test statistical analysis, the results 
showed that there were significant differences 
in ADC values between patients with cirrhosis 
and normal control group (t = 3.92, 4.02, 3.26, 
5.98, 4.88, 5.02, 2.98, 3.21, 4.52, 6.11, 7.25, 
3.66, 3.25, 3.69, 5.21, 4.33, P < 0.05). The dif-
ference of Child-pugh groups revealed that 

= 600 s/mm2; t = 3.69, 4.57, 5.87, P < 0.05). 
The difference between Child-pugh B, C and 
Child-pugh A, B and Child-pugh A, C were statis-
tically significant (b = 800 s/mm2; t = 6.25, 
5.88, 7.02, P < 0.05).

Comparison of DCE-MRI parameters

Tables 2 and 3 showed that there was signifi-
cant differences of DCE-MRI parameters (Ktrans, 
Ve and Kep) between Child-pugh A, B, C and the 
control group, and the difference was statisti-
cally significant (F = 178.34, 108.62, 531.24, P 
< 0.05). There was no significant differences of 
Ktrans, Ve and Kep between the patients with dif-
ferent degrees of cirrhosis (Tables 2, 3; Figure 
2).

Discussion

To investigate the clinical application value of 
DWI and DCE-MRI in the diagnosis of cirrhosis, 
we combined DCE-MRI with DWI in this study. 
The results of this study showed that with the 
increase of Child-pugh grade, Ktrans, Ve and Kep 
of liver obviously decreased, which indicated 
that with the development of cirrhosis, the liver 
showed progressive, diffused and fibrous 
lesions. The main features were diffuse degen-
eration and necrosis of liver, followed by the 
hyperplasia of fibrous tissue, liver tissue and 
the formation of a large number of regenerated 
nodules. These three kinds of pathological 
changes repeated and staggered, resulting in 
the reconstruction and destruction of the struc-
ture of the liver and blood circulation, which 
caused the necrosis and hard of liver, finally led 
to cirrhosis. When liver cirrhosis appeared, the 
vascular endothelial pores gradually decreased 
and collagen in the sinus space deposited, 
thereby reducing the blood flow through the 
liver, and prolonging the time. Gülberg et al. 

Table 2. Comparison of DCE-MRI parameters of normal 
control group and different degree of groups with cir-
rhosis (

_
x±s)

Group N (cases) Ktrans/min-1 Ve/min-1 Kep

Control group 17 0.34±0.02 0.21±0.01 1.44±0.55
Child-pugh A 14 0.27±0.03 0.19±0.01 1.41±0.13
Child-pugh B 9 0.23±0.02 0.17±0.02 1.33±0.16
Child-pugh C 25 0.36±0.01 0.25±0.01 1.45±0.08
F values 178.34 108.62 531.24
P values < 0.05 < 0.05 < 0.05
Note: volume transfer constant (Ktrans), extracellular space volume frac-
tion (Ve) and rate constant (Kep).

there was no significant difference 
between Child-pugh A, B and Child-pugh 
B, C (b = 200 s/mm2; t = 1.02, 0.88). 
The difference between Child-pugh A 
and Child-pugh C was statistically sig-
nificant (t = 3.65, P < 0.05). There was 
no significant difference between Child-
pugh B and Child-pugh C (b = 400 s/
mm2; t = 1.32). Under the condition of b 
= 400 s/mm2, the difference between 
Child-pugh A, B and Child-pugh A, C was 
statistically significant (t = 4.56, 5.88, P 
< 0.05). The difference between Child-
pugh B, C and Child-pugh A, B and Child-
pugh A, C were statistically significant (b 
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[12] found that cirrhosis resulted in portal 
hypertension, blood flow through the portal 
vein reduced, then the blood supply of the liver 
can be obtained by the increase of blood flow in 
the hepatic artery, which is called the arterial 
buffer response, resulting in increased hepatic 
artery perfusion. Therefore, when the contrast 
agent was injected, the time of it in the blood 
vessels and blood flow ratio of hepatic artery 
and portal vein could be analyzed by DCE-MRI 
to quantitative analysis. Chen et al. [13] have 
confirmed that DCE-MRI can reflect and quanti-
tatively analyze the severity of liver fibrosis, 

while arterial blood flow is the best parameter 
to predict the mild liver fibrosis, and it is the 
most obvious method to distinguish normal 
liver and mild liver fibrosis.

As one kind of advanced imaging technologies, 
DWI is currently a new technology that can 
detect the motion of water molecules within the 
cell and tissue under the condition of non-inva-
sion, and it can reflect the structural character-
istics of the organization through its movement 
[14-18]. Compared with other scanning tech-
niques, it has incomparable advantages. Firstly, 

Table 3. Ktrans, Ve, Kep of the control group and Child-pugh groups
b (s/
mm2)

Control group vs 
Child-pugh A

Control group vs 
Child-pugh B

Control group vs 
Child-pugh C

Child-pugh A vs 
Child-pugh B

Child-pugh A vs 
Child-pugh C

Child-pugh B vs 
Child-pugh C

Ktrans 0.000 0.000 0.000 0.000 0.000 0.071
Ve 0.000 0.000 0.000 0.067 0.000 0.013
Kep 0.002 0.000 0.000 0.000 0.000 0.001

Figure 2. Mean value of ADC in normal control group and Child-pugh groups with different b values.
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it is used in the nervous system, DWI images 
have their features and characteristics for the 
structural features of normal tissues and vari-
ous diseases, which have been used in the 
diagnosis of disease, especially in the super 
acute phase of cerebral infarction, the patho-
logical changes of the infarction area can be 
found in a short [19-22]. At present, research of 
DWI on abdomen is still in its initial stage, espe-
cially in cirrhosis.

The selection of b value is an important param-
eter of DWI technology, it is sensitive to the dif-
fusion of water molecules in MR imaging meth-
od. Currently, because of the different model of 
scanning machine, the b value is also different. 
Generally speaking, the smaller b value is, the 
better DWI image can be obtained. Improve the 
signal to noise is easy to find the smaller liver 
tissue, but small b value of the image is easily 
influenced by the perfusion signal of liver blood 
flow, resulting in the ADC value of ROI is too 
high to reflect the diffusion of water molecules 
in the ROI. In ADC pseudo color image, we saw 
that the blood vessel is red, and the larger b 
value could make the signal to noise of DWI 
image decreased, the image was so blurred 
that it was not easy to find the liver disease, but 
it could easily exclude the interference of the 
liver perfusion and get more real ADC value. 
Therefore, the selection of b value is very impor-
tant. However, according to the literature data, 
the range of the b value is not the same. Hu et 
al. [23] studied the liver fibrosis by the rabbit 
model with liver fibrosis, they believed that ADC 
values of liver was related to the occurrence 
and severity of liver fibrosis when b values were 
300 s/mm2 and 500 s/mm2. Besides the study 
on the selection of b values in animals, compar-
ing the data of 85 patients with chronic hepati-
tis and 22 healthy people, Zhou et al. [24]  
found that the most meaningful range of b val-
ues was at 800 s/mm2, and the decrease of 
ADC value of liver fibrosis among the groups 
was considered as statistically significant. 
However, Aube et al. [25] supposed that the 
most suitable b value of ADC in liver was 200 s/
mm2 and 400 in DWI. Guan et al. [26] consid-
ered that b value of 600 s/mm2 was suitable. It 
is generally believed that b < 200 s/mm2 mainly 
reflects the blood flow perfusion of the tissue, b 
value in the 200-1000 s/mm2 represents the 
diffusion of water molecules within the tissue. 
In this experiment, we can not only get more 

accurate ADC value, and can reduce the inter-
ference of blood perfusion with DWI imaging, 
but integrate a variety of reference materials 
and exclude other lesions from the liver cirrho-
sis, a number of b values of imaging programs 
were taken by us, namely set b values as 0 s/
mm2, 200 s/mm2, 400 s/mm2, and 800 s/mm2, 
in which 0 s/mm2 is the contract control for 
each group.

With the continuous aggravation of cirrhosis, 
ADC values gradually declined, indicating that 
diffusion movement of the water molecules in 
cirrhosis was limited, causing the attenuation 
of DWI signal and changes of ADC value. The 
combination of water in liver cirrhosis, the sur-
rounding environment of water molecules and 
the changes of liver blood vessels are the main 
factors that affect the DWI imaging. But, at 
present, the measurement of ADC values 
between normal tissues and lesion tissues of 
the liver may be measured by various b values, 
which leads to the diversity of ADC values. At 
the same time, the study of DWI on abdomen is 
in the initial stage, the scanning equipment of 
MRI and sequences are different, and the reso-
lution of DWI image is lower, which makes DWI 
lack of some objective basis, and there is no 
complete set of criteria for the diagnosis of 
DWI. In this study, the ADC values of liver cir-
rhosis were measured by multiple b values. The 
observation focused on whether the ADC val-
ues were gradually decreased with the increas-
ing aggravation of liver cirrhosis under the con-
dition of different b values. Temporary and spa-
tial resolution of DCE-MRI were greatly impro- 
ved, and it has a high sensitivity in the evalua-
tion of the hemodynamics and the detection of 
small tumors; moreover, the scanning data can 
be used for quantitative analysis, and can effe- 
ctively evaluate characteristics of tumor micro- 
vessel. Combining DWI with DCE-MRI can sig-
nificantly improve the detection of focus of liver 
cancer in patients with liver lesions. In this stu- 
dy, Optima MR360 Applications 1.5T Healthcare 
MRI, and DWI were applied to patients with liver 
cirrhosis confirmed by clinicopathological fea-
tures. A variety of ROIs were selected, and the 
parameters of DCE-MRI and the average values 
of ADC were recorded and analyzed by statisti-
cal analysis. The results showed that there was 
a positive correlation between the two values, 
and they all gradually decreased with the aggra-
vation of liver cirrhosis (Figure 3). These find-
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ings indicated that the application of DWI and 
DCE-MRI improved the diagnosis and classified 

accuracy of liver cirrhosis, which was a refer-
ence index of evaluating the degree of.

Figure 3. Correlated analysis between different b values and dynamic enhanced quantitative parameters. A: There 
was a positive relationship between b = 200 and Ktrans (r = 0.875, P < 0.05); B: There was a positive relationship 
between b = 200 and Ve (r = 0.889, P< 0.05); C: There was a positive relationship between b =2 00 and Kep (r = 
0.829, P < 0.05); D: There was a positive relationship between b = 400 and Ktrans (r = 0.864, P < 0.05); E: There was 
a positive relationship between b = 400 and Ve (r = 0.902, P < 0.05); F: There was a positive relationship between 
b = 400 and Kep (r = 0.823, P < 0.05); G: There was a positive relationship between b = 600 and Ktrans (r = 0.901, P 
< 0.05); H: There was a positive relationship between b = 600 and Ve (r = 0.898, P < 0.05); I: There was a positive 
relationship between b = 600 and Kep (r = 0.876, P < 0.05); J: There was a positive relationship between b = 800 
and Ktrans (r = 0.895, P < 0.05); K: There was a positive relationship between b = 800 and Ve (r = 0.894, P < 0.05); 
L: There was a positive relationship between b = 800 and Kep (r = 0.894, P < 0.05).
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Conclusion

The application of DWI and DCE-MRI is a valu-
able reference index in the diagnosis and 
degree of liver cirrhosis, which provides a new 
way for the diagnosis and classification of liver 
cirrhosis with MRI.
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