
The Efficiency of Fractional Anisotropy, Apparent 
Diffusion Coefficient, and Contrast Enhancement 
Index in Liver Fibrosis Staging

Objectives: Even though magnetic resonance imaging has been described as the most effective imaging method for the diag-
nosis of liver fibrosis, an accepted magnetic resonance ımaging (MRI) technique is yet to be defined. The aim of this study is to 
determine the efficiency of MRI in the staging of liver fibrosis.
Methods: Patients with chronic hepatitis B infection and had upper abdominal MRI with hepatocyte specific contrast agent were 
evaluated. Twenty-nine patients that had undergone liver biopsy were included in the study. ADC, FA, and signal intensity values 
of liver parenchyma were measured by two observers and contrast enhancement index (CEI) was calculated as well. Patients were 
grouped as early (A) and late fibrosis(B) according to Ishak grading system and then the correlations between the stage and MRI 
findings were analysed. The intraclass correlation coefficient was used to analyze the inter-rater agreements. ADC, FA, and CEI 
were compared with Student t-test between early and late fibrosis groups. Pearson’s correlation was used to assess the correlation 
between ADC and FA values. Spearman correlation was used to evaluate the relationship between pathologic fibrosis grade and 
MRI parameters that were measured.
Results: Twenty-two patients were staged as 1 and 2 (group A), seven patients were staged as 3 and above fibrosis(group B). Statisti-
cally, there was a strong, negative correlation between the FA values and the degree of fibrosis (r=−0.582, p=0.001). There was no 
correlation between the CEI and hepatocyte activity index (r=−0.88, p=0.655) and degree of fibrosis (r=0.0001, p=0.997). In terms of 
FA values, there was a statistically significant difference between two groups (group A=0.429 ± 0.06, group B=0.349 ± 0.06) (p=0.004).
Conclusion: Correlation of FA values with fibrosis stage and significant difference in FA values between early-late stage fibrosis 
patients shows that diffusion tensor imaging can be a promising technique in the staging and follow-up of liver fibrosis.
Keywords: Contrast agent, diffusion magnetic resonance ımaging, hepatitis B, liver cirrhosis, magnetic resonance ımaging
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Liver fibrosis is one of the results of chronic liver diseases. 
This is a serious and common public health problem and 

may cause portal hypertension, liver failure, cirrhosis, hepa-
tocellular carcinoma, and even death. The most common 
cause of the disease is the chronic viral hepatitis (Chron-
ic hepatitis B [CHB] infection is the most common).[1] The 
early diagnosis of CHB infection increases patient survival 
and decreases the need for liver transplantation.[2] It is very 
important to diagnose fibrosis in the early stage as its pro-
gression can be controlled and fibrosis can be reversible in 
the early stage, but it is a low possibility for late stage fibro-
sis.[3] These patients also fibrosis stage must be followed up 
such as viral load and levels of transaminasis.[4] Despite be-
ing an invasive procedure, liver biopsy is still the best diag-
nostic tool for diagnosing and staging the liver fibrosis and 
is performed for follow-ups of fibrosis.[5] The search for non-
invasive and reproducible alternative diagnostic methods 
is continuing to reduce the possible complications of liver 
biopsy and prevent the patient discomfort.[6]

CHB patients are screened for complications such as dys-
plastic nodules and hepatocellular carcinoma as well.[6] 
Ultrasound (US) and magnetic resonance ımaging (MRI) 
are the most common imaging techniques for screening. 
Studies about the efficacy of diffusion-weighted imaging 
(DWI) in staging liver fibrosis have revealed that DWI may 
be an effective and non-invasive method.[7] DWI is one of 
the main sequences in the differential diagnosis of liver 
lesions.[8] Furthermore, MRI contrast agents are frequently 
used in daily practice in the detection, follow-up, and dif-
ferential diagnosis of liver lesions. Hepatocyte-specific con-
trast agents are increasingly being used in daily practice.[9] 
Gadoxetate disodium (Gd-EOB-DTPA) is excreted from bili-
ary system by multidrug resistance-associated proteins.[3] 
It has been previously reported that the relative enhance-
ment of Gd-EOB-DTPA which shows the uptake into hepa-
tocytes is correlated with clinical cirrhosis scoring systems.
[10] Furthermore, there are promising studies on the use of 
Gd-EOB-DTPA to differentiate early and late stage fibrosis.
[11] In this study, we aimed to evaluate the correlation of 
DWI (ADC values), diffusion tensor imaging (FA values), 
and Gd-EOB-DTPA-enhanced MRI (contrast enhancement 
index [CEI]) with the histopathological Ishak stage of liver 
fibrosis in CHB infected patients.

Methods
Instutional review board approval was obtained for this 
retrospective study (ID:198/28.5.2013). The patients with 
CHB infection and clinically followed up in gastroentero-
hepatology department were evaluated. Patiens having 
dynamic upper abdominal MRI with Gd-EOB-DTPA and had 
undergone liver biopsy in 2 years period were included in 

the study. Patients under the age of 18, with inadequate im-
age quality (without diffusion weighted sequence, without 
hepatocyte phase in 20th min and with artefacts), patients 
that have not staged and reported in line Ishak scoring sys-
tem, Ishak stage 0 patients, patients with the history of par-
tial hepatectomy, transarterial chemo and radioembolisa-
tion, percutaneous ethanol injection, and liver metastasis 
were excluded from the study.

MRI Parameters and Measurements
All MRIs were performed with 1,5 T Simens 2011 Avanto 
Tim 76 × 18. To increase the diffusion effect, ADC mea-
surements were made from images with “b” value of 1000. 
Hepatocyte phase was performed in 20th min after 0.025 
mmol/kg intravenous Gd-EOB-DTPA (Primovist, Bayer 
Health Care). Independently two observers evaluated MR 
images. ADC (Fig. 1), FA (Fig. 2), T1 signal intensity before 

Figure 1. Apparent diffusion coefficciency measurement.

Figure 2. Fractional anisotrophy measurements in diffusion tensor 
image.
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(Fig. 3), and after contrast injection (in hepatocyte phase) 
(Fig. 4) were measured from three different points of liver 
right lobe. In all measurements, region of interest was 
placed by avoiding biliary and vascular structures and 
motion artifacts as much as possible with a diameter of 
1–2 cm2 (Figs. 1-4).

CEI was calculated as:

Signal intensity in hepatocyte specific phase - Signal intensity 
in unenhanced T1W sequence

Signal intensity in hepatocyte specific phase

Histopathological Evaluation
Ishak scoring system (modified hepatocyte activity index)
[12] was used to stage the liver fibrosis. The only stage that 
does not have fibrosis in this scoring system is the stage 0 
and the remaining stages grades the fibrosis of the liver pa-
renchyma. Stage 0 patients were not included to this study. 
Periportal/periseptal interface hepatitis, confluent necro-
sis, focal lytic necrosis/apoptosis/focal inflammation, por-
tal inflammation, fibrosis, Ishak grade (modified HAI score), 
and Ishak stage (fibrosis) were evaluated and scored by an 
experienced pathologist in all specimens.[12] Patients were 
classified as fibrosis stage 1 and 2 (group A), stage 3 and 
higher (group B).

Statistical Analysis
Data were analyzed using SPSS software (ver. 26.0; IBM 
Corp., Armonk, NY, USA). The intraclass correlation coeffi-
cient (ICC) was used to analyze the inter-rater agreements 
for ADC, SI, and FA values. Inter-rater reliability was assessed 
using the kappa coefficient (κ) for qualitative variables. 
An ICC or a κ value of 0.81–1.00 indicates almost perfect 
agreement, while 0.61–0.80 reflects substantial agreement, 
0.21–0.60 moderate agreement, and ≤0.20 slight agree-
ment. Student t-test was used to compare the differences 
between groups for ADC, FA, and CEI. Correlation between 
ADC and FA values in the entire patient cohort was as-
sessed by Pearson’s correlation (r). In the whole patient 
cohort, the relationship between Ishak score and fibrosis 
stage and ADC and FA values and CEI was assessed with 
Spearman correlation. Correlation coefficients were inter-
preted as follows; 0.7 and above; very strong, between 0.69 
and 0.5; strong, 0.49 and 0.3 between; moderate, between 
0.29 and 0.1; low, and from 0.09 to 0.01; and very low. 

Results
Fourteen female (48.3%) and 15 male (51.7%) patients 
(age; 44.3 [22–63]) were included in the study. According 
to HAI scores, 22 of the patients had had a stage 1 and 2 
fibrosis (group A) and seven of the patients had a stage 3 
and above fibrosis (group B). Distribution of modified HAI 
scores which ranged from 2 to 11.

There was substantial agreement for ADC, FA, and SI values 
between observers (κ=0.82, 0.87, and 0.86, respectively).

There was a moderate negative correlation between ADC 
values and FA values (r=−0.469, p=0.001). A strong nega-
tive correlation between FA values and the degree of fibrosis 
(r=−0.582, p=0.001) was also detected. A significant correla-
tion between modified HAI scores and ADC values (r=−0.013, 
p=0.949) and degree of fibrosis (r=0.076, p=0.699) was not 
detected. Moreover, no significant correlation was found be-

Figure 3. Signal intensity measurements from three points of the 
right liver lobe, three points of spleen and both paravertebral mus-
cles by region of interest on non-contrast T1-weighted sequence.

Figure 4. Signal intensity measurements from the same points, 20 
min after intravenous contrast injection.
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tween FA values and HAI scores (r=−0.265, p=0.172). Further-
more, a correlation between HAI scores (r=−0.88, p=0.655) 
and degree of fibrosis (r=0.0001, p=0.997) with the CEI could 
not be detected (Table 1).

There was no significant difference between early and late 
stage groups in terms of CEI (Group A = 0.7473±0.33, Group 
B = 0.6814±0.22; p=0.623) and ADC values (Group A = 
1.11±0.12, Group B = 1.16±0.04; p=0.317). However, FA val-
ues were significantly different between two groups (Group 
A = 0.429±0.06, Group B = 0.349±0.06; p=0.004) (Table 2).

Discussion
Based on the idea that early microstructural changes de-
rived from liver fibrosis, which can be detected with mea-
surable MRI parameters, this study evaluated the correla-
tion between ADC, FA, CEI, and Ishak scores. A statistically 
significant correlation was found between the FA values 
and the pathological stage of fibrosis. Furthermore, FA val-
ues differed significantly in the early and late fibrosis cases. 
However, evaluated remaining parameters revealed no sig-
nificant correlation with the fibrosis score or difference in 
the early and late fibrosis.

Liver fibrosis is a consequence of chronic liver diseases; this 
may occur due to many reasons including; alcoholism, ste-
atosis, hepatitis, cholestatic liver diseases, and toxins.[13,14] 
Liver biopsy remains to be the gold standard for diagnosis 

and follow-up of liver fibrosis.[15] This procedure enables us 
to evaluate only a very small incidental piece of the liver 
parenchyma. However, the changes in the liver parenchy-
ma can be very heterogeneous and random sampling may 
not be effective for precise detection of the fibrosis.[9,16] 
From this point of view, studies on non-invasive diagnostic 
methods have been carried out for a long time due to the 
possible complications of liver biopsy, the difficulty of rep-
etition, the patient discomfort it causes, and the inability to 
give an idea about the whole parenchyma. Biomarkers and 
radiological imaging methods are the most popular meth-
ods that are investigated currently.[16]

Among imaging methods, MR elastography had been re-
ported the best for grading liver fibrosis.[17] However, it is 
an expensive imaging method that can only be performed 
in a limited number of centers.[17] Therefore, the search for 
more accessible MR sequences continues.

In the previous DTI studies in rats with experimental fibro-
sis, it has been reported that FA is valuable parameter in de-
tecting early stage fibrosis and following the progression 
of fibrosis.[18,19] Interestingly, both positive[19] and negative 
correlations[20] with fibrosis have been reported in the pre-
vious studies for FA. In the present study, FA values were 
negatively correlated with fibrosis stage and also FA values 
differed between early and late fibrosis cases. These differ-
ences may cause from the underlying complex histopatho-
logical changes such as inflammation, fat infiltration, and 
decrease of extracellular collagen. Presumably, in the peri-
od when extracellular matrix proteins increase, diffusion of 
water molecules is restricted and FA value decreases. How-
ever, on the contrary, it increases in advanced phase when 
cell necrosis occurs. These differences can be explained by 
the fibrosis stage, etiology, and sample size differences in 
the studies.

Harada et al. had reported no significant difference be-
tween ADC values and fibrosis grade.[21] Furthermore, 
Bülow et al. described ADC values as confounded in iron 
and fat deposition even authors reported no correlation 
between ADC and fibrosis stage even without iron and fat 
deposition.[22] In line with this studies, our results revealed 
that ADC values were not correlated with fibrosis stage and 
did not differ in the early and late fibrosis cases. Besides, 
some authors had reported significant correlation with 
ADC and fibrosis grade.[23] In a meta-analysis including 25 
studies, DWI reported to be a good diagnostic tool for liver 
fibrosis grading. Heterogenous patient groups, different 
imaging parameters, and histopathological study models 
may have caused the different results. Different results may 
have been obtained depending on the heterogeneous pa-
tient groups (hepatitis [B and C], biliary causes, alcholism, 

Table 1. Correlation of MRI parameters with histopathological 
results

	 Hepatocyte activity index	 Stage of fibrosis

ADC (mm2/s)	 r=−0.013	 r=0.076
	 P=0.949	 P=0.699
FA	 r=−0.265	 r=−0.582
	 P=0.172	 p=0.001*
CEI	 r=−0.88	 r=0.0001
	 P=0.655	 P=0.997

ADC: Apparent diffusion coeficciency; FA: Fractional anisotrophy; CEI: 
Contrast enhancement index; r: Spearman correlation*significant.

Table 2. Comparison of MRI parameters of early and late stage 
fibrosis groups

	 Group A	 Group B	 p
	 (n=22)	 (n=7)

ADC (mm2/s)(mean/SD)	 1.11±0.12	 1.16±0.04	 0.317
FA (mean/SD)	 0.429±0.06	 0.349±0.06	 0.004*
CEI (mean/SD)	 0.7473±0.33	 0.6814±0.22	 0.623

Student t-test; FA: Fractional anisotrophy; CEI: Contrast enhancement 
index; ADC: Apparent diffusion coefficiency; SD: Standard deviation; 
*Significant.
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non-alcoholic steatohepatitis, toxins, etc.) included in stud-
ies conducted in recent years. Considering technical pa-
rameters, methods such as ADC normalization, have been 
proposed for a more standard imaging.[24] In the evaluation 
of ADC, fatty liver, iron accumulation in parenchyma, liver 
inflammation, and perfusion effect pose problem.[25] In the 
present study, only CHB infected patients were included for 
a more homogeneous patient group evaluation.

The CEI was recently reported as a reliable biomarker for 
staging liver fibrosis.[26-29] Stable comparison criteria are 
needed in case other liver diseases may be present. Among 
these parameters, we used the CEI and liver to paraverte-
bral muscle SI ratios. Although various SI parameters were 
described and have been studied recently, paravertebral 
muscle SI was used in the present study, because it was 
reported to be more stable and minimally effected from 
age and liver function.[21] Furthermore, CEI was reported 
to have a better diagnostic accuracy than one phase imag-
ing.[30] However, we detected no correlation between the 
fibrosis stage and CEI. This may be due to the small rate of 
advanced fibrosis in the patient group.

This study evaluates only the patients with fibrosis (Ishak 
grade 1 and over). Results revealed that MRI can be effec-
tive to determine the early or late stage of the fibrosis. Nev-
ertheless, the prognosis of the patients having fibrosis can 
be predicted using the MRI. However, as there was not a 
control group with no fibrosis, it is impossible to mention 
the effectiveness of the MRI differentiating the patients 
with fibrosis and no fibrosis. Thus, future comparative stud-
ies between patients without fibrosis and patients with the 
early stage fibrosis are needed to determine the effective-
ness of the MRI.

Retrospective design, limited number of patients, and the 
low rate of advanced fibrosis patients were the limitations 
of the present study. However, this study could contribute 
to the knowledge as we had evaluate the both diffusion 
weighted and diffusion tensor imaging parameters, and 
also CEI in a homogeneous patient cohort (only in CHB in-
fection). Studies with prospective design ang include large 
patient cohorts would provide more information. 

Conclusion
DTI, whereas FA may be a promising diagnostic tool for 
staging liver fibrosis. Quantitative MRI parameters may 
provide us to stage and follow-up the prognosis of liver 
fibrosis. Thus, liver biopsy and associated morbidity and 
mortality rates could decrease. The difference in FA values 
between follow-up images may be a sign for the progres-
sion of fibrosis.
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