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Abstract

AIM: To compare apparent diffusion coefficient (ADC) values on diffusion-weighted imaging (DWI) of hepatic fibrosis patients with those of healthy controls and to identify their correlations with serum indices of liver fibrosis.

METHODS: Hyaluronic acid (HA), laminin (LN), type Ⅲ procollagen (PCⅢ), and collagen type Ⅳ (Ⅳ-C) were measured in 54 hepatic fibrosis patients and 23 normal controls, and ADC values were determined on DWI at different b values (b = 300, 500, 700 s/mm2). Correlations between serum indices and ADC values at different liver fibrosis stages were examined, and each index variation of liver fibrosis in different stages were compared, and correlation analysis of each index and the staging of liver fibrosis carried out, and the correlation of each index performed.

RESULTS: With progressive liver fibrosis, HA, PCⅢ, and Ⅳ-C levels increased (P < 0.01). As the b value increased, the ADC value decreased gradually with the hepatic fibrosis stages. In different groups with b values of 500 s/mm2 and 700 s/mm2, the ADC value decreased significantly as liver fibrosis progressed (P < 0.01). With b values of 500 s/mm2 and 700 s/mm2, there were negative correlations between ADC and LN, PCⅢ, HA, and Ⅳ-C. This pattern was observed only for HA and Ⅳ-C at a b value of 300 s/mm2.

CONCLUSION: Serum indices of liver fibrosis and ADC values are useful for diagnosing liver fibrosis, with some correlations among them.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

Chronic liver disease is a common disease with complex causative agents, primarily type B and type C hepatitis virus infections. Hepatic fibrosis is a body repair response to chronic liver injury that can be attributed to a variety of causes[1]. In most cases, chronic liver disease progresses to its ultimate culmination in cirrhosis, and liver cirrhosis and its complications pose a serious global health threat[1-3]. At present, the main diagnostic approaches for liver fibrosis are serology, pathology, and imaging[4,5]. In recent years, instead of only conventional liver biopsy, novel molecular markers and imaging diagnostic techniques have begun to provide accurate evidence for the clinical diagnosis of liver fibrosis, but more sensitive and specific indices of morphology in liver fibrosis have not been identified using traditional imaging methods that reflect anatomical structure[6,7]. Diffusion weighted imaging (DWI) is an advanced application of magnetic resonance imaging (MRI) used in evaluating the microscopic structure of tissues, which relies on quantification of the diffusion of water molecules inside tissues[8,9]. Several publications had indicated the efficacy of quantitative apparent diffusion coefficient (ADC) measurement with this imaging modality in liver fibrosis, especially combining with other noninvasive tests[10,11].

In our present study, we aimed to evaluate the effectiveness of DWI scanning in cooperation with serological examinations for making the diagnosis of hepatic fibrosis and to examine their correlations in order to aid in the selection and reasonable application of noninvasive techniques to improve the evaluation and diagnosis of hepatic fibrosis.

MATERIALS AND METHODS
Study subjects 

A total of 54 consecutive patients (38 males, 16 females) with hepatitis (49 hepatitis B and 5 hepatitis C) were prospectively enrolled and diagnosed by liver biopsy from September 2008 to October 2010 in our hospital. Their average age was 41.27 ± 11.59 years (range, 19-61 years). The data of a control group consisting of 23 adult volunteers with no evident hepatic pathology (15 males, 8 females; average age 43.28 ± 10.97 years; age range 27-56 years) were also collected. All subjects provided their written, informed consent. This study was approved by IRB from our hospital.

Biopsies of areas of liver fibrosis were obtained under computed tomography (CT) guidance using the following steps. (1) before performing liver puncture, routine blood and coagulation tests were performed, respiratory training was completed, and written informed consent was obtained; (2) patients were placed in the supine position, and the puncture point was located using a Toshiba Xvision/EX spiral CT (Tokyo, Japan), and a surface marker was placed using a self-made positioning grid strip; this was followed by thin layer scanning (with a slice thickness and interstice gap of 3 or 5 mm) to choose the best entry point for the biopsy of a site with a known ADC value; (3) a routine disinfection towel was placed in the area of the puncture point, and under local anesthesia, the liver puncture was performed according to the preset angle and depth of puncture using an 18-G automatic biopsy gun needle (Cook Company, Bloomington, IN, United States). Scanning was repeated to confirm the correct position of the tip, and the patient was asked to hold his breath during quiet breathing, while the liver biopsy was taken, usually involving 2 to 3 draws to obtain tissue strips of greater than 1.0 cm. The specimens were then fixed with 10% formaldehyde; and (4) after the puncture was completed, pressure was applied to the puncture point, and it was bandaged. Local conventional CT scanning was performed, the patient’s vital signs were monitored, and the patient was observed for complications such as bleeding. The liver biopsy specimens were stained with hematoxylin and eosin (HE) and Masson stain.

The classification criteria for liver fibrosis (S0-S4) published in the revised “viral hepatitis prevention program” of the 2000 conference of Xi’an were adopted[12]: (1) S0, no fibrosis; (2) S1, expanding periportal fibrosis, and limited protrusion and expanding intralobular fibrosis; (3) S2, fiber septum formation and lobular body retention around the periportal fibrosis; (4) S3, disordered fiber structure and no liver cirrhosis; and (5) S4, early liver cirrhosis. This classification was commonly used in China, which is similar to the METAVIR system[13]. 

MRI 

Cases and controls were scanned from the dome of the diaphragm to the liver margin with fat suppression sequences of conventional axial spoiled gradient recalled-T1 weighted imaging (SPGRT1WI) and fast spin echo-T2 weighted imaging (FSET2WI), using a GE Signa HDe 1.5-T MR scanner and body coil (General Electric, Milwaukee, WI, United States). DWI was performed using spin echo-echo planar imaging (SE-EPI) and 3 different b values applied to the X, Y, and Z directions. The scanning parameters were: TR/TE 4075 ms/73.9 ms, FOV 40 × 40, thickness/interstice gap 8 mm/2 mm, array 128 × 128, Next 6, and b values of 300 s/mm2, 500 s/mm2, and 700 s/mm2. The chemical shift artifact was removed with fat saturation (FATSTA), and, during scanning, for each saturated zone in the liver above and below; FATSTA was applied to eliminate the effects of pulmonary gas, gastrointestinal tract gas, the heartbeat, and gastrointestinal peristalsis on image quality. Diffusion weighted imaging (DWI) post-processing was completed using the Functool 2 software belonging to the GE ADW4.3 workstation, and ADC values and pseudo-color pictures of the exponential apparent diffusion coefficient (EADC) were automatically generated by the above software. Three levels in the left and right lobes of the liver were chosen as regions of interest (ROIs), avoiding big blood vessel branching and artifacts. Each ROI was a circle of about 1 cm in diameter. The ADC value of each ROI was obtained directly, and the average value of the measured area was calculated.

Serum indices of liver fibrosis 

All venous blood samples were collected in serum separation tubes after overnight fasting before liver biopsy. Serum values of hyaluronic acid (HA), laminin (LN), type Ⅲ procollagen (PCⅢ), and type Ⅳ collagen (Ⅳ-C) were detected by radio-immunoassay following the manufacturer’s instructions.

Statistical analysis 

All measurement results are expressed as means ± SD. Comparisons between groups for continuous data were made using one-way analysis of variance. Spearman rank correlation analysis was used to test the correlation between the ADC and serum indices of liver fibrosis at different b values. All data were processed using SPSS14.0 statistical analysis software (SPSS, Chicago, IL, United States). A probability value of P < 0.05 was considered statistically significant.

RESULTS

Pathological findings 

Based on HE and Mason staining of the liver biopsy specimens, the liver fibrosis stage was S0 in 13 patients, S1 in 14, S2 in 9, S3 in 11, and S4 in 7. 

Serum indices of liver fibrosis 

Serum HA, PC Ⅲ, and Ⅳ-C values of the cases and controls (Table 1) and the liver fibrosis stages showed significant differences (P < 0.01); LN was not significantly different (F = 2.699, P = 0.0573). 

DWI results 
Conventional upper abdominal MR and DWI scanning of 77 cases, including liver fibrosis patients and the control group, was completed, and ADC values and EADC pseudo-color images were obtained (Figures 1-3). As the b value increased, the signal to noise ratio (SNR) of the DWI image decreased, deformation of artifacts was aggravated, the liver contour and intrahepatic bile were not clear, the ADC value and the image signal intensity of EADC decreased, and the contrast of the liver and intrahepatic duct system became weak. The ADC values of cases and controls are shown in Table 2. As the b value increased, the ADC values for different stages of hepatic fibrosis in the same group decreased gradually; with b values of 300 s/mm2, 500 s/mm2, and 700 s/mm2 in the different groups, as the liver fibrosis stage increased, the ADC value decreased, and the difference was significant (P < 0.01). With a b value of 300 s/mm2, the ADC value and liver fibrosis stage showed no significant correlation (r = -0.771, P = 0.072). When two groups were compared, with a b value of 300 s/mm2, both S0-S3 and S4 could be distinguished based on the ADC value; with a b value of 500 s/mm2, S2-S4 and S0, S2-S4 and S0, and S1 and S2 could be distinguished; with a b value of 700 s/mm2, S2-S4 and S0, S0 + S1 and S4, S0 + S1 and S3, S2 and S0, and S2 and S1 could be distinguished.

Correlations between serum markers of hepatic fibrosis and ADC values 

When the b value was 300 s/mm2, the ADC value was not correlated with LN and PCⅢ values, and it was negatively correlated with HA and Ⅳ-C values. When the b value was 500 s/mm2 and 700 s/mm2, the ADC value was negatively correlated with LN, PCⅢ, HA, and Ⅳ-C values (Table 3).

DISCUSSION

Early appearance of the pathological changes of liver fibrosis in chronic liver diseases is related to an imbalance between formation and degradation of liver fibers, resulting in excessive collagen deposition in the liver. There is a middle stage that all chronic liver diseases go through to become cirrhosis and even liver cancer, and there is an early reversible stage of cirrhosis, that, if not treated in time, may progress to become decompensated cirrhosis with the complications of end-stage liver disease[14,15]. The underlying pathological mechanism involves cytokine activation of resting hepatic satellite cells (HSCs), which transforms them into muscle fibroblasts, resulting in excessive proliferation of myofibroblasts, while a large amount of collagen, such as extracellular matrix (ECM), is synthesized in the liver, leading to diffuse and excess ECM within the liver, particularly collagen deposition, since its degradation is inadequate[16]. Early diagnosis and treatment can significantly improve the prognosis, but the diagnosis of liver fibrosis and early cirrhosis and its staging has been a difficult clinical problem. Although liver biopsy is the gold standard of hepatic fibrosis staging and for understanding the extent of liver lesions, in the clinical diagnosis of liver fibrosis and early cirrhosis, comprehensive use of molecular markers and imaging techniques provides an accurate diagnosis without resorting to the traditional technology, and it gives patients with chronic liver disease with fibrosis new hope for the diagnosis, treatment, and rehabilitation[17,18].

Correlations between serum indices and the pathologic changes of liver fibrosis 

Liver fibrosis formation is a very complicated process that includes liver cell apoptosis, mesenchymal cell proliferation, and deposition of type Ⅰ and type Ⅲ collagens in the ECM[16,19]. ECM deposition disrupts the normal histological structure of the liver, ultimately leading to cirrhosis. Many studies have shown that the available serum biomarkers, HA, LN, PCⅢ, and Ⅳ-C, which belong to elements of the ECM, can reflect hepatic ECM degradation. Moreover, the values of the serum indices (HA, LN, PCⅢ, and Ⅳ-C) increase gradually as the stage of liver fibrosis progresses, and correlation analyses have shown that HA, PCⅢ, and Ⅳ-C levels have significant positive correlations with the pathological stage of hepatic fibrosis, reflecting the dynamic evolution process of liver fibrosis[20]. HA is the most important glycosaminoglycan component of the ECM, which is secreted by activated HSC cells and enters into the tubular sinus; it directly reflects the degree of HSC cell activity and indirectly reflects liver fibrosis progression[19]. The serum markers in different studies have been shown to fluctuate within a certain range[20-22]. The serum PC Ⅲ content reflects the degree of type Ⅲ collagen metabolism and liver fibrosis; Ⅳ-C is the major component of the basement membrane, whose synthesis and deposition is increased in liver fibrosis; and LN is a major non-collagen glycoprotein of the ECM, which forms a basement membrane-like structure with Ⅳ-C binding and results in capillarization of hepatic sinusoids. The present study demonstrated that, although the LN value increased as liver fibrosis progressed, the changes seen were not statistically significant for the diagnosis of liver fibrosis (P > 0.05). Similar changes may be seen in non-specific markers of liver fibrosis, as these markers also increase in certain autoimmune diseases, kidney diseases, and pulmonary fibrosis.

Correlations between ADC values on diffusion-weighted imaging and pathologic changes in liver fibrosis 

In recent years, with the development of MR technology, MRI techniques have been used in the detection of liver disease[23]. In particular, use of the DWI technique for abdominal MRI scanning has become useful for the diagnosis of liver fibrosis[10,24]. DWI is a functional imaging method that highlights water molecule diffusion effects for image contrast. It is a new field compared with traditional MRI and detects the state of motion of tissue water molecules, which reflects the structural characteristics of tissue organization by linking the incoherent micro motions of tissue protons or water molecules and the MR signal, since the motions of water molecules differ between living tissue and water. The motion of water in living tissue is limited by biological membranes and macromolecules in body fluids, while water molecules diffuse freely in water. In addition, there are differences in the degree of motion of water molecules in normal tissue and pathological tissue. These differences allow one to evaluate the structure, metabolism, and function of liver fibrosis with DWI. Liver imaging reflects the motions of molecules, including diffusion movement of water molecules and the perfusion function of the microcirculation or capillary network in vivo. Determination of the ADC value is affected by the intracellular and extracellular spaces, and when liver fibrosis develops, increases are seen in the impermeable structures of the cell membrane between cell gaps, nuclear membrane, organelles, cell scaffold structure, and matrix. There is also an expansion of the volume ratio of the intracellular to the extracellular fluid caused by cytotoxic intracellular edema, and intracellular proton movement decreases. The liver fibrosis leads to limitation of water molecule diffusion in the extracellular space, and with progression of fibrosis, the collagen fiber content increases, further limiting proton movement and decreasing the ADC value. Therefore, the choice of the value of the diffusion coefficient (b value) can directly affect the changes in the ADC value. When the b value is low, microcirculation perfusion has a significant effect on the ADC value, increasing the ADC value; as the b value is increased, the effect of perfusion weakens, resulting in the ADC value approaching its true value. However, as the b value is increased, TE prolongation and T2-weighted aggravation and signal strength weakening can affect image quality. The results of the present study demonstrated that the ADC value in different stages of hepatic fibrosis in the same group decreased as the b value increased. When the b value was 300 s/mm2, the correlation between the ADC value and the stage of liver fibrosis was not significant (r = -0.771, P = 0.072), but when the b values were 500 and 700 s/mm2, as liver fibrosis increased, the ADC value decreased, and this was significant (P < 0.01). However, when comparing the two groups when the b value was 700 s/mm2, the ADC value was found to provide more information for staging liver fibrosis; this was consistent with the results of many local and international studies[10,11,25-27]. The present study also showed that, with a b value of 700 s/mm2, the image quality was better, and that, with increasing liver fibrosis limiting the movement of water molecules within the liver, reducing their diffusion, DWI could be used to quantitatively analyze the severity of hepatic fibrosis. This is consistent with the changes that occur during formation of hepatic collagen fibers and reticular fibers, hepatic sinusoid capillarization, and increased deposition of sinus space fibers.

Correlations between serum indices and the ADC value in liver fibrosis 

The serum markers of hepatic fibrosis and DWI are both capable of detecting and quantifying liver fibrosis, and there are significant correlations between several markers and the stage of liver fibrosis. In fact, LN, PCⅢ, HA, Ⅳ-C, and the ADC values on DWI were capable of diagnosing liver fibrosis and monitoring its dynamic changes. It was also found that different diagnostic indices based on different diagnostic methods have different significances, but whether there is a correlation with various diagnostic indices or an inherent relationship remains to be determined. Koinuma et al[28] showed a significant relationship between the serum HA value and the ADC value on DWI, but correlations between ADC values and other serum markers have rarely been reported. In the present study, with b values of 300 s/mm2, 500 s/mm2, and 700 s/mm2, negative correlations were seen between the ADC values and HA and Ⅳ-C values, demonstrating decreased diffusion in liver tissue as liver fibrosis progressed. With a b value of 300 s/mm2, there were no correlations between the ADC value and LN and PCⅢ values. However, with b values of 500 and 700 s/mm2, the ADC value and HA and Ⅳ-C values showed negative correlations, demonstrating that the main factor affecting DWI is microcirculation perfusion when these b values are selected, and that the ADC value cannot reflect the diffusion characteristics of water molecules in tissue. When liver fibrosis develops, the dysplasia and deposition of ECM and the increased ECM metabolites in the blood increase the serum HA, LN, PCⅢ, and Ⅳ-C values. With more ECM deposition, the barrier structure of the liver extracellular space and the limitation of water molecule motion within the liver reduce diffusion capacity. The correlations between the serum markers of hepatic fibrosis and the ADC value reflect the common pathological and physiological changes that occur with liver fibrosis and the variations in the contents of ECM metabolites.

COMMENTS

Background

Hepatic fibrosis is abnormal hyperplasia and deposition of fibrous connective tissue in the liver, and a necessary stage in the progression of various chronic liver diseases to cirrhosis, and the early diagnosis and evaluating severity of liver fibrosis are of vital significance for determining early treatment and prognosis for chronic liver disease. The method of noninvasive assessment for liver fibrosis has become a focus of research for hepatology.

Research frontiers

Because of more sensitive and specific indices of imaging methods for liver fibrosis based on various morphology not having been found, image study of liver fibrosis has been the focus of many scholars. In recent years, functional magnetic resonance imaging method has brought hope for early diagnosis of liver fibrosis. Change of structure and metabolic function at the molecular level in liver fibrosis before morphological change of hepatic fibrosis structure was evaluated by detecting change of micro water molecules within the organization with diffusion weighted imaging.

Innovations and breakthroughs

The diagnostic efficacy for serum index of liver fibrosis, diffusion-weighted imaging (DWI) and histopathology of live fibrosis and its correlation was performed with this method, and the degree of correlation between index of serology and DWI were found and its correlation is a reflection of common pathological and physiological basis.

Applications

The correlation of serum indices, apparent diffusion coefficient (ADC) value and staging for liver fibrosis was analyzed by determining ADC value with serum index of liver fibrosis and magnetic resonance diffusion weighted imaging and its correlation of each index carried out.

Terminology

Diffusion weighted magnetic resonance imaging DWI is an imaging method of image contrast highlighting the dispersion effect of water molecules, and ADC is the most commonly used quantitative indictor of DWI imaging, which reflects movement speed of water molecules within tissue.

Peer review

In this study, liver fibrosis in our country being researched with advanced MR technology, serum hyaluronic acid, type Ⅲ procollagen, collagen type Ⅳ and laminin being compared with it, the degree of liver fibrosis being explored with DWI technology and serological indicators were provided with advanced methods and vital clinical significance. This topic was designed reasonably and complied with ethics; the statistics were correct, and data reliable, and the conclusion objective and true, and had important clinical value.
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FIGURE LEGENDS

Figure 1  Diffusion-weighted image. Diffusion weighted image: diffuse restricted tissue and long T2 tissue manifest hyper signal intensity (b = 700 s/mm2). 

[image: image1.png]



Figure 2  Diffusion coefficient. Apparent diffusion coefficient image: Tissues with higher diffuse degree manifest higher signal intensity, while diffuse restricted tissues manifest low signal intensity (b = 700 s/mm2). 
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Figure 3  Exponential apparent diffusion coefficient pseudo-color pictures. Exponential apparent diffusion coefficient image: Diffuse restricted tissues manifest higher signal intensity, free diffuse tissues manifest low signal intensity, and the effect of filtration efficiency of T2 is excluded (b = 700 s/mm2). 
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Table 1  Serum values of hyaluronic acid, collagen type Ⅳ, type Ⅲ procollagen, and laminin in different stages of liver fibrosis (mean ± SD)


Stage of liver fibrosis�
Cases (n)�
Serum indices�
�
�
�
HA (g/L)�
LN (g/L)�
PCⅢ (g/L)�
Ⅳ-C (g/L)�
�
Control�
23�
  58.12 ± 13.51�
  96.67 ± 21.53�
  82.63 ± 11.74�
  57.54 ± 19.76�
�
S0�
13�
  62.72 ± 23.24�
  97.47 ± 23.41�
  87.23 ± 24.17�
  56.59 ± 21.29�
�
S1�
14�
  84.29 ± 32.96�
111.89 ± 26.35�
106.37 ± 25.45�
  61.70 ± 24.83�
�
S2�
  9�
145.46 ± 87.01�
115.00 ± 43.14�
117.41 ± 28.57�
  78.93 ± 46.37�
�
S3�
11�
215.36 ± 96.08�
128.64 ± 44.30�
149.33 ± 37.11�
  99.65 ± 40.61�
�
S4�
  7�
  300.05 ± 121.95�
129.94 ± 36.36�
168.17 ± 34.27�
131.17 ± 52.51�
�
F�
�
25.62�
2.699�
20.24�
8.102�
�
P value�
�
      0.0000�
  0.0573�
      0.0000�
  0.0000�
�
HA: Hyaluronic acid; LN: Laminin; PCⅢ: Type Ⅲ procollagen; Ⅳ-C: Collagen type Ⅳ.





Table 2  Changes in b and apparent diffusion coefficient values in different stages of hepatic fibrosis (mean ± SD)


Stage of liver fibrosis�
Cases (n)�
ADC value (× 10-3 mm2/s)�
�
�
�
b1 = 300 s/mm2�
b2 = 500 s/mm2�
b3 =700 s/mm2�
�
Control�
23�
1.80 ± 0.34�
1.69 ± 0.39�
1.51 ± 0.34�
�
S0�
13�
1.93 ± 0.25�
1.63 ± 0.19�
1.49 ± 0.11�
�
S1�
14�
1.83 ± 0.25�
1.60 ± 0.17�
1.43 ± 0.14�
�
S2�
  9�
1.71 ± 0.27�
1.44 ± 0.18�
1.26 ± 0.13�
�
S3�
11�
1.79 ± 0.26�
1.36 ± 0.17�
1.20 ± 0.13�
�
S4�
  7�
1.39 ± 0.21�
1.18 ± 0.16�
1.15 ± 0.22�
�
F�
�
3.648�
5.926�
5.758�
�
P�
�
  0.0054�
  0.0001�
  0.0002�
�
ADC: Apparent diffusion coefficient.





Table 3  Correlation analysis of apparent diffusion coefficient and serum indices of liver fibrosis at different b values


Serum index�
b1 = 300 s/mm2�
b2 = 500 s/mm2�
b3 = 700 s/mm2�
�
�
r value�
P value�
r value�
P value�
r value�
P value�
�
HA�
-0.853�
0.031�
-0.991�
0.000�
-0.951�
0.003�
�
LN�
-0.686�
0.132�
-0.926�
0.008�
-0.956�
0.003�
�
PCⅢ�
-0.486�
0.328�
-0.976�
0.001�
-0.959�
0.002�
�
Ⅳ-C�
-0.946�
0.004�
-0.981�
0.001�
-0.925�
0.008�
�
HA: Hyaluronic acid; LN: Laminin; PCⅢ: Type Ⅲ procollagen; Ⅳ-C: Collagen type Ⅳ.
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